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EXECUTIVE SUMMARY

On June 12, 1992, the U.S. Department of Energy (DOE) Oak Ridge Operaticns Office
and the U.S. Environmental Protection Agency (EPA)-Region 1V signed a Federal Facility
Compliance Agreement (FFCA) to regulate the treatment of wastes govemned by the Land
Disposal Restrictions (LDR) of the Resource Conservation and Recovery Act. Compliance
Requirement 5 of the agreement states that “. . . DOE shall submit to EPA for review and
approval a plan for the treatment of the LDR prohibited wastes identified in Appendices 1B,
2B, and 3B. This plan must identify the treatment strategy for such wastes to meet LDR
treatment standards and must include a schedule, not to exceed two (2) years after the
submittal of this plan (i.e., March 1995), for the evaluation and prioritization of treatment
method options, treatability studies, if required, and technology development.” The FFCA
divided the mixed wastes currently stored on the Oak Ridge Reservation (ORR) into two
categories. Appendix A listed those wastes for which existing treatment methods and facilities
exist. Appendix B listed wastes for which no identified treatment methods or facilities exist
on the ORR.

As part of the FFCA, DOE was required to submit to EPA a plan that documents the
strategies that will be used to treat Appendix B wastes generated and/or stored on the ORR.
These strategies considered the evaluation, selection, and prioritization of treatment
technologies and the identification and performance of treatability studies and technology
development activities necessary to comply with the applicable regulatory standards. The
Strategic Plan for the Treatment of Appendix B Wastes was issued on February 12, 1993.

Development efforts will be coordinated with the FFCA programs at the Paducah
Gaseous Diffusion Plant (PGDP) and the Portsmouth Gaseous Diffusion Plant (PORTS). The
low-level mixed wastes currently stored at PGDP and PORTS are similar to those on the ORR.
When waste types permit similar treatment, the PGDP and PORTS wastes will be integrated
into the ORR process development efforts.

This program management plan covers the development, demonstration, testing, and
evaluation efforts necessary to identify treatment methods for all the waste listed in
Appendix B of the ORR’s LDR/FFCA as well as any new wastes which meet Appendix B
criteria. To successfully identify a treatment method, at least a proof-of-principle level of
understanding must be obtained: that is, the candidate processes must be demonstrated as
effective in treating the wastes to the LDR; however, an optimized process is not required.
Where applicable and deemed necessary and where the budgets will support them, pilot-scale
demonstrations will be pursued.

The overall strategy being adopted in this program will be composed of the following
activities:

scoping of the study,

characterization,

development and screening of alternatives,
treatability investigations, and

detailed analysis of altematives.

il o

The strategic plan is the basis for the efforts described in this plan.
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1. INTRODUCTION

On June 12, 1992, the U.S. Department of Energy Oak Ridge Operations Office
(DOE-OROQ) and the U.S. Environmental Protection Agency (EPA)-Region IV signed a
Federal Facility Compliance Agreement (FFCA) to regulate the treatment of wastes govemned
by the Land Disposal Restrictions (LDR) of the Resource Conservation and Recovery Act
(RCRA). Compliance Requirement 5 of the agreement states that *. . . DOE shall submit to
EPA for review and approval a plan for the treatment of the LDR prohibited wastes identified
in Appendices 1B, 2B, and 3B. This plan must identify the treatment strategy for such wastes
to meet LDR treatment standards and must include a schedule, not to exceed two (2) years
after the submittal of this plan (i.e., March 1995), for the evaluation and prioritization of
treatment method options, treatability studies, if required, and technology development.” The
FFCA divided the mixed wastes currently stored on the Oak Ridge Reservation (ORR) into
two categories. Appendix A listed those wastes for which existing treatment methods and
facilities exist. Appendix B listed wastes for which no identified treatment methods or
facilities exist on the ORR.

As part of the FFCA, DOE was required to submit to EPA a plan that documents the
strategies to determine which technologies will be used to treat Appendix B wastes generated
and/or stored on the ORR. These strategies considered the evaluation, selection, and
prioritization of treatment technologies and the identification and performance of treatability
studies and technology development activities necessary to comply with the applicable
regulatory standards. The Strategic Plan for the Treatment of Appendix B Wastes (TSP) was
issued on February 12, 19932

Development efforts will be coordinated with the FFCA programs at the Paducah
Gaseous Diffusion Plant (PGDP) and the Portsmouth Gaseous Diffusion Plant (PORTS). The
low-level mixed wastes currently stored at PGDP and PORTS are similar to those on the ORR.
When waste types permit similar treatment, the PGDP and PORTS wastes will be integrated
into the ORR process development efforts.

The TSP arranged the Appendix B wastes into categories and subcategories defined by
DOE’s Mixed Waste Treatment Project (MWTP). These groupings consist of 9 major waste
categories and 92 subcategories. Figure 1 represents the MWTP waste grouping hierarchy.
The Appendix B wastes were grouped into seven of the nine major waste categories.
Categories 8000 (Unknown) and 9000 (Treated Wastes) were not required. Waste data by site
as well as summary data for the entire ORR can be found in Appendix A of this report.

The treatment strategies formulated in the TSP reflect DOE’s preferred options for
treating the Appendix B wastes. The TSP emphasizes four areas: pretreatment to allow either
on-site or off-site treatment, development of technologies that are well defined or under
development for similar waste types, integration of technologies under development at other
DOE facilities to treat ORR wastes, and continued shipment of “No Radioactivity Added”
wastes by modifying existing on-site facilities combined with establishment of procedures to
ensure that potentially radioactively contaminated materials are not inadvertently released.
Sixteen National Plan subcategories were combined to form 11 treatability groups. These
treatability groups were distributed among 11 treatment technologies: 4 chemical processes,
5 thermal processes, and 2 immobilization processes.
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2. SCOPE

This program management plan covers the development, demonstration, testing, and
evaluation (DDT&E) efforts necessary to confirm treatment methods identified in the strategic
plan for the wastes. To successfully confirm a treatment method, at least a proof-of-principle
level of understanding must be obtained: that is, the candidate processes must be shown to be
effective in treating the wastes to the LDR; however, an optimized process is not required. As
resources become available, pilot-scale demonstrations will be pursued.

At the present time, only one low-level mixed waste disposal option has a significant
probability of being viable in the near future. That option is shipment to Envirocare.
Envirocare, located near Clive, Utah, is the first and only commercial mixed waste disposal
facility. The process is under way to establish Envirocare’s availability for the disposal of
DOE mixed waste. Envirocare’s waste acceptance criteria (WAC) are to meet the LDR
requirements and its own concentration limits on several radionuclides. Since all the treatment
technologies already have the LDR requirements as their performance basis, no problems are
anticipated meeting that portion of the WAC. Based on the current understanding of the
radionuclide content of the ORR wastes, 90 to 95% of the wastes will meet the Envirocare
WAC. For those wastes that do not, treatment processes must be developed when resources
become available. Martin Marietta Energy Systems, Inc. (MMES), does not want to store the
wastes indefinitely and, therefore, should keep disposal requirements in the plans.

The DDT&E efforts support the basic development needs of the Mixed Waste Treatment
Facility (MWTF) but do not attempt to validate a specific design or process associated with
this facility.

In addition, the efforts occurring on the ORR will be coordinated, as practicable, with
the FFCA program at PGDP as well as at PORTS. The low-level mixed wastes at PGDP and
PORTS are, in many ways, similar to those in Oak Ridge. When the similarities permit
similar treatment, the PGDP and PORTS wastes will be accounted for in the ORR process
development.

2.1 TREATMENT TECHNOLOGIES ADDRESSED

A wide range of possible candidate treatment technologies exists. These technologies
are at various stages of development from conceptual design to commercial-scale facilities.
Some of these technologies have been used to treat low-level mixed waste, but a majority have
not. The strategic plan was developed by Energy Systems Waste Management Organization
(ESWMO) to place the Appendix B wastes into categories as defined by the DOE low-level
mixed waste project (funded by EM-30) and to identify all appropriate treatment technologies
for each of those categories. A prioritization analysis was performed to match the categorized
wastes with a preferred treatment technology or technologies. (see Table 1). The resulting
matrix is the planning foundation for the DDT&E Program. Additional explanation of this
table can be found in Section 5.1. Sixteen National Plan subcategories were combined to form
11 treatability groups. These treatability groups were distributed among 11 treatment
technologies: 4 chemical processes, 5 thermal processes, and 2 immobilization processes. The
two immobilization processes and two of the thermal processes (glass and microwave melting)
are addressed as part of the Final Waste Forms (FWF) Project. Only one of the thermal
processes, low-temperature thermal desorption, will be pursued vigorously on the ORR.

3



Table 1. Treatment technologies selected for treatability studies and monitoring

5300
3100 5410 6100 7200

National Plan waste category” 2000 5200 3200 4100 4200 5100 5420 6400 6200 7100 7400
Perform treatability studies and development
Glass melting (vitrification) X x X X X
Microwave melting x x x
Low-temperature thermal desorption X x X X X X
Cement solidification x X X X x
Rotary kiln X X X X X X X
Integrate ORR requirements
Supercritical fluid extraction X x X x X X
Polymer solidification X X X X
Monitor technology development
Acid digestion X x X
Biological treatment X X X
Chemical oxidation X X X
Plasma mielting x X X X X X X

“See Fig. 1 for category names.
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Thermal desorption is a mature, well-understood process which has the potential for treating
the largest waste streams with a reasonably straightforward approach and thus will be
emphasized in the DDT&E Program.

2.2 FINAL WASTE FORMS CONSIDERED

No single final waste form is applicable to all wastes due to either their matrix or their
contaminants. The strategic plan identified four types of final waste forms that might be
applicable to the Appendix B wastes: glass, ceramic, cementitious, and polymer encapsulation.
The FWF Project will establish the framework by which each Appendix B waste can be
matched to a waste form. The development work will consider several general criteria besides
LDR considerations for final selection of a waste form. These other criteria are expediency
(both schedule and cost) and how effectively the waste form meets the performance criteria
[e.g., WAC, U.S. Nuclear Regulatory Commission (NRC) requirements]. The choices, by
waste stream, will be based on a set of proof-of-principle studies that will be defined in the
FWF Project plan.

The question of the “best” final waste form for low-level mixed wastes has consumed a
great deal of time and effort throughout the DOE complex. The National Low-level Mixed
Waste Program (NLLMWP) and its technical amm, the Mixed Waste Integrated Program
(MWIP), which is funded by EM-50, are aggressively pursuing vitrification as their enhanced
waste form of choice. There are several advantages to glass or ceramic waste forms, the
primary one being volume reduction of the individual waste. Because significant resources
will be required to develop these more advanced technologies and current mixed waste
disposal options require only “stabilized” waste forms meeting Toxicity Characteristic
Leaching Procedure (TCLP) standards, the early emphasis of the FWF Project will be to
concentrate on conventional, cementitious waste forms. Other waste forms will be explored as
alternatives to the grout-based approach.






3. OVERALL PLAN STRATEGY

The overall strategy being adopted in this program consists of the following activities:

scoping of the program,

characterization,

development and screening of alternatives,
treatability investigations, and

detailed analysis of alternatives.

S e

Scoping is the initial planning phase, and most of the steps undertaken during scoping
continue and are refined (and often revised) in the later phases. Typically, the first activity in
the scoping is collection of existing data. Based on this information, the study boundaries are
set, the objectives are identified, and the likely actions are defined. All of these activities have
been performed and are documented in the strategic plan. Therefore, this plan will use that
document for the scoping of thc DDT&E Program.

An evaluation of existing Appendix B waste information will be conducted as the first
step in the characterization effort. Each waste record will be reviewed to determine if
sufficient compositional information is available to proceed with treatability studies. Waste
generator interviews will also be conducted 1o gather additional information. Those wastes for
which insufficient information can be obtained by this method will be submitted for
characterization sampling and analysis.

Characterization is needed to establish the physical and chemical characteristics for
those wastes that lack previous analytical data or sufficient process knowledge. This activity
will occur in parallel with most of the waste stream identification effort. Characterization is
normally scheduled so that the results of the initial sampling efforts can be used to refine the
plans developed during scoping to better focus subsequent efforts.

The preliminary characterization of some ORR waste streams has been accomplished.
However, waste stream characterization will be a integral part of this plan and will require
considerable resources to accomplish. Section 6 of this plan outlines the evaluation of the
existing data, while Section 7 discusses characterization. In all likelihood, a substantial portion
of this work will have to be subcontracted to qualified vendors when MMES resources cannot
support the schedule. These vendors will include both EPA Contract Laboratory Program
(CLP) laboratories and personnel to actually take the samples in the field (for characterization)
and experienced subcontractors to evaluate the available waste data.

The next phase of the program, which is development and screening of altematives,
requires the following:

identifying treatment objectives;

identifying potential treatment processes that will satisfy these objectives;
screening the technologies based on effectiveness, implementability, and cost; and
assembling technologies and their disposal requirements into altemnatives.

halb ol

The strategic plan contains the preliminary criteria and will form the basis for the screening of
technologies described in this plan.
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The treatability investigations and the detailed analysis of alternatives form the purpose
and objective of this program plan. Treatability investigations or studies are conducted to
provide sufficient data to allow treatment alternatives to be evaluated as well as to reduce
performance uncertainties for those methods chosen to treat the waste or remediate the site.
The decision process for treatability investigations consists of thesc steps:

1. determining the data needs; )
reviewing the existing data and available literature on the technologies to determine
if existing data are sufficient to evaluate altenatives;

3. performing treatability tests (bench and pilot scale), as appropriate, to determine
performance, operating parameters, and relative costs of potential technologies;

4. evaluating the data (o ensure that the data quality objectives (DQOs) are met; and

5. selecting technology for waste streams.

The data needs for the candidate technologies/processes will be provided by project
teams focused on the major areas (see Section 5). This information will be vital to the
evaluation activities outlined in Section 6. The number and kind of treatability studies will be
an outgrowth of the efforts of the tcams reviewing the technology areas and the waste data
evaluation team.

As described in later sections of this plan, for numerous wastes streams, a determination
must be made on how they will be treated. However, limited analytical data are available, and
many of the proposed treatment technologies have had limited or no application in the
treatment of mixed waste. The lack of characterization data and experience does not change
the schedule that DOE and MMES must follow. Therefore, simply stated, this program will
implement the detailed strategies outlined in the following sections only if sufficient resources
are made available in a timely fashion.



4. PROGRAM MANAGEMENT

Effective program management is crucial to the successful implementation of this plan
and thus to meeting the requirements placed on MMES by DOE. The DDT&E Program relies
on the contributions of many organizational units within MMES for its success. These include
ESWMO, MMES Engineering, the Chemical Technology Division, the Oak Ridge Y-12 Plant
Development Division, the Waste Management divisions of all three plants, and Procurement
(see Fig. 2 for organization chart). Not only is the organization large, but the schedule is tight
and has a limited budget. Therefore, program management needs to be flexible and adaptable
to meet the challenges put before it. The following sections brietly address the management
tools to be utilized.

4.1 WORK BREAKDOWN STRUCTURE

A work breakdown structure (WBS) is being developed and will be utilized as the basis
for the following:

uniform project planning and visibility,

assignment of responsibilities,

identification of end item objectives for monitoring and progress,
network scheduling and budgeting, and

ensuring interfaces among the various organizations.

NhR WA=

4.2 RESPONSIBILITIES

As stated previously, one of the functions of the WBS is to assign responsibility for the
discrete deliverables found in the lowest tier of each leg in the WBS. To accomplish this goal,
a responsibility matrix will be generated. On one axis the deliverables will be listed, while the
persons and organizations that are involved with the FFCA will be listed on the other axis. At
each intersection of deliverable and responsible person or organization, a code will be placed.
This code will designate what level or type of responsibility the designated person will have
for the deliverable. If the block is left blank, no responsibility is conferred. To ensure that all
interested parties are involved with the formulation of this matrix, blank copies will be
circulated to those involved at DOE, ESWMO, Engineering, ORNL, the Y-12 Plant, the
Oak Ridge K-25 Site, etc., to solicit each party’s perspectives. The responses will be complied
into a summary chart that will be used in working sessions to resolve any differences. The
matrix will be published as a separate document since it may undergo several revisions before
it can be considered final.

4.3 COORDINATION AND REPORTING
Due to the complexity of this program, coordination of all the individual efforts will be

critical for it to succeed. To effect and maintain this coordination, regularly scheduled
meetings will be held. This will include weekly meetings of the leaders of the major efforts

9
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and biweekly meetings of the project teams. These meetings of the project teams are designed
to maintain the exchange of information at the working level among the various groups. In
addition, monthly reports will be issued (either by electronic mail or by hard copy) as well as
quarterly reports. The monthly reports will be targeted to MMES personnel involved with or
interested in the LDR/FFCA efforts. The quarterly reports will have DOE and EPA as their
target audience.

4.4 CONFIGURATION CONTROL

With a program as large and complex as this one, many different documents will be
generated to communicate the program's needs and progress. These documents will have
several different authors and thus be published at several different locations. To maintain
configuration control of the baseline program definition, the official record copy of each of the
primary documents will be kept in a central location. This location will be the office of the
DDT&E coordinator at ORNL.The documents that require configuration control include the
following:

program management plan;

quality assurance plans (for the program and each of the major projects);
responsibility matrix;

project plans for Thermal Desorption, FWF; Radionuclide Removal, Surface
Decontamination, and Liquids Treatment (aqueous and organic);

5. test plans; and

6. statements of work for vendors.

L~

The MMES-established quality assurance (QA) requirements will be adhered to for
document control and archiving.






5. DATA EVALUATION

The development of a successful treatment technology requires input and planning from
many sources. At a minimum, the following information must be collected, compiled, or
developed:

1. adequate information about the waste stream(s) to be treated,
a clear understanding of the capabilities or projected capabilities of the candidate
technologies which are proposed for treating the wastes,

3. alist of information that is lacking from items 1 and 2 above that is required to
perform treatability studies using the candidate treatment technologies,

4. a definitive set of performance criteria for the treated wastes, and

5. a detailed plan for closing the information gaps that prevent implementation of the
chosen technologies.

Items 1 through 3 will be addressed in this section of the plan. The last two items in
the preceding list will be addressed in Section 7 by general technology area.

The strategic plan requires that an evaluation of all LDR wastes be made. The goal of
this effort is to establish the information to effectively conduct treatability studies and
technology development for mixed waste treatment. The Evaluation of Waste Data project has
the following four objectives:

¢ develop technology-based information standards that are required to adequately
perform treatability studies on specific waste types;

« gather and evaluate waste information by reviewing existing waste databases and
documentation and by conducting generator interviews, as necessary, {0 categorize
wastes into National Plan categories (NPCs) and treatability study groups (TSGs);

* place wastes that share host matrix properties into treatability study populations; and

» establish pretreatment, primary treatment, and posttreatment requirements for all
Appendix B waste.

The satisfactory accomplishment of these objectives will optimize the characterization
efforts and minimize the number of treatability studies required to develop treatment
technologies for Appendix B mixed wastes. In addition, this evaluation may identify potential
deficiencies with previous RCRA characterizations. The data evaluation methodology is
presented in Fig. 3.

5.1 DATA SOURCES

The primary sources of data conceming these wastes are the waste generators and those
persons who have been tasked to store the wastes. The waste records were generated in an
effort to comply with EPA and DOE requirements (mostly cataloging requirements). As such,
they often do not provide sufficient information on which to base sound judgments as to the
appropriate technology or technologies that could be applied to waste treatment. In addition to
these waste records, several other data sources will be analyzed for possible use. These
sources include, but are not limited to, project-specific databases, Material Safety Data Sheets,
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Request for Disposal (RFD) documentation, and process and/or building documentation. The
evaluation of historical information has been completed or is currently being conducted at
other DOE sites. The types of information being utilized in these efforts are presented in
Table 2. The data quality of these miscellaneous sources will be closely scrutinized to ensure
that the information is valid and meaningful. '

If the preceding sources of data prove to be inadequate to meet our goal, the generators’
process knowledge may be used to obtain the required information. Although process
knowledge cannot guarantee what contaminants are in the wastes or the levels of these
contaminants, it can provide a set of principles to use to reduce the scope of characterization
required. For example, if process knowledge confirms that a particular waste has never been
in a radiological area, then the characterization can focus on the RCRA aspects alone.
Acquiring this process knowledge will prove invaluable in obtaining the information necessary
to accelerate Oak Ridge’s compliance efforts.

Process knowledge may not be necessary where actual and meaningful characterization
has been performed. However, wastes with adequate characterization may be a small subset of
the total inventory. An effort is in progress by the individual sites to augment the existing
waste records with more complete data. The data evaluation group will work closely with
those involved with the characterization through the program’s sampling and analysis
coordinator.

A further source of infonmation is the studies that have been performed prior to this one.
Researchers who have prepared studies evaluating alternatives and prioritizing waste streams
and treatment technologies® have searched for available data to use in their deliberations. Such
sources of information will be thoroughly sought out and utilized.

5.2 DATA COLLECTION

Unique databases containing a variety of waste information are maintained by each ORR
facility. Each database contains several thousands of waste records, which are comprised of
multiple data fields including, but not limited to, waste description, mass, EPA code, and
container identification. Each waste record has been or will be assigned to an MWIP NPC
according to the combination of its contaminant and matrix composition. '

The primary sources of waste record information are the waste generators and facility
personnel associated with ORR treatment and storage facilities. Waste records have been
compiled over a period of several years to comply with EPA and DOE requirements. These
records do not necessarily provide sufficient information to conduct treatment technology
development. Other sources of waste information may include project-specific databases,
Material Safety Data Sheets, RFDs, process documentation, and previously performed studies.
The data quality of these sources will be closely scrutinized to ensure the information they
provide is valid and meaningful.

A container survey is currently being conducted at the K-25 Site to verify drum contents
and labeling. A similar survey has been conducted at ORNL. These results are currently
being verified and refined. As each facility augments existing waste records, refined data will
be incorporated into the waste evaluation process to ensure the use of the most current and
reliable characterization data available.
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Table 2. Typical DOE facility files

On-site files

Off-site files
(unclassified only)

Classified files in vault storage

Personnel files for previous employees

Unclassified files

Health files (including x-ray records) for
previous employees

Engineering project files

Engineering drawing files

Engineering drawing files

Engineering project files

Correspondence files

AEC/ERDA/DOE records (filed according
to the AEC filing system)®

Waste management files

AEC/ERDA/DOE guidance and orders”

Weapons files

Air monitoring and sampling files

Waste shipment files

Dosimetry records

Analytical reports for both production
and environmental activities

Special project files

Microfilmed files

Federal, state, and local standards

Legal files

Guidance and nationally recognized
standards (such as National Bureau of
Standards Handbook 52)

Incident and property loss files

Radiation contamination incident files

Radiation contamination incident files

Personal files from previous employees

Purchasing files

Photography files

Property utilization and disposal files

Special project files

Personal files from previous
employees

‘AEC = U.S. Atomic Energy Commission; ERDA = U.S. Energy Research and Development
Administration; DOE = U.S. Departiment of Energy.

Source: Barbara A. Swensen, Frank J. Blaha, and Ann K. Sieben, “Value of Historical Records and
Corporate Memory in Environmental Restoration Work at DOE Facilities,” presented at Waste
Management ’93: Technology and Programs for Radioactive Waste Management and Environmental

Restoration, February 28-March 4, 1993.
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5.3 DATA REVIEW

Existing electronic databases of stored wastes from each of the three ORR plants will be
screened to establish a list of wastes without identified existing treatments. This screening
may involve removal of all nonhazardous wastes and all wastes destined for existing treatment
facilities on the ORR. Wastes without identified existing treatment which are stored on the
ORR but are not recorded electronically will also be incorporated into the electronic database.
Information such as container numbers, waste descriptions, EPA codes, mass, physical state,
storage location, storage date, and radiological determinations will be available. Using these
data, an NPC and a TSG will be assigned. Additional information required to assign NPCs
and TSGs will be collected from document reviews and, if necessary, from generator
interviews. After individual records are fully evaluated, information will be entered into an
interim database and tracking system. The evaluated waste data can be interfaced with
existing electronic files or future waste information systems.

After waste records have been assigned to a TSG, sorted, and subjected to document
review, the database and tracking system will be updated to include this information. A
methodology to evaluate this base information will be developed and may include further
categorization of wastes within or across TSGs. Selecting waste groups for technology
development and treatability study testing will include grouping wastes with like NPCs within
a TSG. Further grouping as a treatability population will be made based on analytical or
qualitative information conceming the waste matrix; a minimum waste quantity will be
established to eliminate as candidates those wastes that cannot be sampled. Container numbers
for each RFD within a population will be subjected to statistical analysis and samples from
selected drums composited for treatability studies. Additional selection guidelines may be
required, and a formal selection methodology will be prepared.

Performing treatability studies on representative samples from these groups rather than
on individual wastes will minimize the amount of characterization and the number of
treatability studies required, while providing the necessary engineering data to proceed with
demonstration- and production-scale efforts. TSGs will combine wastes that have similar
matrices and contaminants with respect to potential treatment. These groups will be
representative of the range of host matrices and contaminants contained in an NPC. Criteria
will be refined to ensure that wastes are combined in a way which will enhance the
performance of the treatment options considered (e.g., assay blending).

Information standards are required as part of the characterization project. The
information standard(s) will establish the analytes required to fully characterize the waste to
effectively conduct treatability studies. The information needs depend on the specific
technology selected for each waste type. Development of the information standards will
include literature review, input from technology vendors, subject matter experts within and
outside the DOE complex, MMES’s technology development, and the MWTF personnel.

Even though it is recognized that most of the Appendix B wastes located on the ORR
require technology development so that capable production treatment processes can be
established, the resources to achieve this goal are limited. Prioritization of TSGs for
technology development will be based primarily on waste quantity but will consider other
factors as appropriate.



Table 3. Waste characterization sufficiency criteria

Organic liguid Aqueous liquid Thermal Surface
Characterization parameter treatment treatment” desorption Immobitization® decontamination®
Radioanalysis and screening® X X X X X
Host matrix material composition X X X X X
RCRA contaminant concentrations X X X X’ X
PCBs X X X X X
Solution pH X X X'+
Dissolved solids species and concentrations X X Xs
Suspended solids concentration X X Xt
Complexing and chelating agents present X X
Moisture concentration X X X X
Halides and nitrate concentrations X
Sulfur and phosphorus compound concentrations X
Total organic carbon (TOC) concentration X X X
Oil and grease content X X X X
Bulk combustibles content x x* X+ X*
Particle size fractions X X
Metal pieces content X* X X
Bulk physical shape and size x* X+ x*
Surface characteristics (clean, painted, oily, cracked, etc.) Xk X+

“Aqueous liquid treatment technologies include precipitation, ion exchange, chelation, filtration, carbon adsorption, and chemical extraction.
*Immobilization technologies include cementation, glass vitrification, polymer encapsulation, and microwave solidification.

“Surface decontamination technologies include thermal desorption, steam cleaning, electrochemical metal removal, and supercritical fluid extraction.
“As necessary o account for gross radiation levels.

“Toxicity Characteristic Leaching Procedure analysis also needed for the Resource Conservation and Recovery Act (RCRA) contaminants.

Aiquid phase pH.

¢Needed only for liquids (<40% solids).

*Determined by inspection.

‘Applicable only for macroencapsulation by cementation or polymer encapsulation.

81
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5.4 TREATMENT OPTIONS

The strategic plan established a suite of candidate technologies for use in treating these
wastes. The technologies described in the strategic plan will establish the framework for the
treatment options assessments. As with the establishment of the TSGs, a set of performance
objectives for assessing the viability of each treatment option against the proposed TSGs must
be established. The performance objectives that must be taken into account include the
following:

1. the treatment goals for each waste,
2. the composition of the TSG, and
3. the limitations of each of the technologies to be considered.

The end result will be a matrix of TSGs versus the possible treatment options to be
considered.






6. CHARACTERIZATION PLANS

As discussed at length previously, insufficient data are associated with many waste
streams on the ORR to enable investigators to formulate engineering judgments as to their
treatment. To rectify this situation, these streams must be sampled in such a way to provide
the investigators and process designers an understanding of the streams’ matrices, constituents,
and variability. The information obtained from these activities must be gathered and
maintained so that all sites can utilize it and so that future investigations can access a
definitive database.

The direction for the characterization efforts will be given based on the results of the
data evaluation effort discussed in Section 5. Not only will the priority for the waste be
delineated, but the chemical and physical analyses requirements will also be detailed.

6.1 PREPARATION OF SAMPLING AND ANALYSIS PLANS

Sampling and analysis plans (SAPs) will be written for each of the TSGs that have
insufficient data to proceed with treatability studies. The SAPs will provide direction both to
those taking the samples and to those analyzing them. Each site has personnel who are
responsible for the preparation of SAPs, and full advantage will be taken of this resource.
When the resources at the sites are deemed inadequate to meet the schedule requirements,
subcontractors with experience in this field will be hired to provide the needed manpower.
Since there are several sites with numerous different waste streams, various authors will
generate these plans. A uniform approach will be critical to ensuring the long-term utility of
the results. A set of DQOs will be formulated that clearly specifies the kinds of data required,
the techniques to be used in the analyses, and the format for the results. These objectives will
be developed as a group effort among the affected sites and users (current and projected).
Also, close contact will be maintained with the efforts of the NLLMWP in this area.

As the SAPs are developed, careful consideration will be given to the formulation of
reference batches of wastes. These reference batches will provide continuity for the data
generated during treatability studies at different locations through the pilot-scale
demonstrations to the actual treatment of the waste stream. The project plans for each
technology area will provide the information necessary to establish these reference materials.

6.2 DATA ANALYSIS
The analytical laboratories located on the ORR will be the primary resource for waste

analysis. However, MMES has CLPs already under subcontract. When the local laboratories
cannot handle the volume of samples, these other facilities will be utilized.

6.3 STANDARDS FOR QUALITY ASSURANCE/QUALITY CONTROL

The applicable quality assurance/quality control (QA/QC) standards will be applied to
the development and implementation of these plans. At a minimum, the requirements
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stipulated under RCRA and the Toxic Substances Control Act (TSCA) regulations as well as
DOE Order 5700.6C will be included in the plans.



7. DEVELOPMENT OF TREATMENT TECHNOLOGIES

Once the wastes to be treated are known, the development of a successful treatment
technology requires a definitive set of performance criteria for the treated wastes and a detailed
plan for the closing the information gaps that prevent implementation of the chosen
technologies. This section will address these requirements by general technology area.

7.1 TECHNOLOGY DEVELOPMENT ELEMENTS

The decision process for the development of technologies (outlined in Section 3)
consists basically of formulating data needs (for the technology or process); analyzing the
available data to determine whether or not they meet those needs; and, if they do not,
performing the studies necessary to obtain the required inforrnation. Rather than incumber the
program plan with the requisite level of detail to adequately cover the technologies, separate
project plans will be written for each of the major technical areas.

The format of the individual project plans for each of the technology areas will be
similar; however, their technical content will vary according to the state of readiness of the
technologies to treat the wastes. Each plan will address the following areas at a minimum:

1. the purpose of the plan and its overall approach to the task;
project management, including the organization, deliverables, documentation, safety,
regulatory issues, and integration with the other projects and Engineering;

3. description of the technologies;

4. data requircments for proper selection of candidate waste streams and the rationale,
justification, or source for these data;

5. performance criteria and the assumptions made to arrive at these criteria;

6. testing requirements, including test goals, data needs, proposed facilities (at least

type of facilities required), and evaluation criteria (especially for down-selection of
candidates for pilot demonstration);

7. vendor (internal or external to MMES) requirements and capabilities;

8. pilot demonstration goals and data (output) requirements; and

9. costs and schedules.

The DQOs of the treatability studies as well as the pilot demonstrations are to be
addressed in these plans as well. Finally, each of these projects will have a project quality
assurance plan (PQAP) that will provide the detailed QA initiatives to be undertaken for each
project. Each PQAP will address those items called out in the quality assurance program plan
(QAPP) (see Section 11).

The coordination of these project plans and the elements that comprise them is critical
to the DDT&E efforts since they are interrelated. For example, the key waste characteristics
that must or should be known before a meaningful assessment can be made will also be
delineated in the project plans. This will establish the basis for the data evaluation efforts
(Section 5) to identify gaps in the existing characterization data. When gaps are discovered,
the missing information becomes part of the scope of work for the characterization studies.
Since these technologies will eventually form a treatment train, the inputs and outputs of each
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technology for each waste stream affect the performance of both the successor and the
predecessor.

The strategic plan designated 11 technologies for which the DDT&E Program is to
(1) formulate treatability studics, (2) integrate the ORR requirements in other sites’ treatability
studies, or (3) monitor technology development (see Table 1). Treatability studies have
already been discussed in general terms. This program will scope the required treatability
studies, characterization, and pilot-scale demonstrations necessary {0 permit the development of
a treatment methods plan as required under the FFCA. In the following sections, further detail
is offered on thermal desorption and final waste forms (cement solidification, glass melting,
and microwave melting). The rotary-kiln incinerator will not be addressed in this DDT&E
Program because an existing system is in place at the K-25 Site (the TSCA incinerator) and
the technology is well established.

Integration of the ORR requirements in Table 1 refers to the cooperative efforts of the
DDT&E Program with such national initiatives as the MWIP and the Decontamination and
Decommissioning Integrated Demonstration (D&DID). Section 12 of this plan further
addresses this activity.

The four technologies listed under “monitor technology development” will simply be the
subjects of literature reviews because they are not considered applicable to the ORR, PGDP,
and PORTS problems at this time.

MMES and DOE-ORO are currently scoping the construction of a ceniral treatment
facility known as the MWTF. The MWTF is a collection of interdependent line-item projects
that, once constructed, could provide the treatment capability and capacity for the majority (by
volume) of wastes listed in the tables in Appendix B of the FFCA. The stated mission of the
MWTF is to provide the capability to treat low-level radioactive mixed wastes. This treatment
could involve (1) removing the hazardous constituents, (2) removing the radioactive
constituents, and/or (3) removing both the hazardous and radioactive constituents. All
residues from these treatments would be processed into acceptable final forms for ultimate
disposal. Those streams that have been scheduled for treatment in the MWTF are listed in
Appendix B of this report. Support of this proposed multi-line-item facility will require the
efforts of many different organizations on several different tasks and thus will require a
substantial budget. The efforts outlined below will support the basic development required to
determine the technical suitability of the proposed MWTF processes. The MWTF processes
planned for inclusion in this program plan are thermal desorption and stabilization/fixation.
There are several waste streams listed in Appendix B that are not currently scheduled for
treatment in the MWTF (listed in Table 4). It is hoped that many of these streams can
actually be treated in existing facilities (on-site and off-site) or can be accommodated in the
MWTF. Whether these streams can be treated in existing facilities or in the MWTF, a viable
treatment method will be determined for each waste stream. The final waste product will
meet, at @ minimum, the LDR requirements.

7.2 MATRIX OF WASTE STREAMS VERSUS TECHNQLOGIES

Table 6.1 in the strategic plan' is entitled “Preferred treatment technologies™ and appears
in this plan as Table 1. This table, which displays the waste category/subcategory versus the
preferred treatment technology, is the basis for the technology evaluations described in the
pages to follow and therefore for several of the data evaluation criteria in Section 5.
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Table 4. Wastes not currently scheduled for treatment in the MWTF

ORNL Y-12 K-25
Annual Annual Annual

Waste || generation Storage generation Storage generation Storage
group (kg) (kg) (kg) (kg) (kg) (kg)
1000 24464 5.379 17,885 15,813 33,071 170,704
2000 3.828 11,696 62,704 177,790 18,706 84,652
3200 0 5,107 82.668 69,742 29,160 113,144
5300 0 224 1,184 36,367 18,614 20432
5400 0 75 6,908 27,070 60,486 124,266
6000 9,685 26,664 396 12314 9,003 4,687
7000 0 2,335 17474 4435 1234 2,769
Total 37,977 51,480 189,219 343,531 170,274 520,654

The previous treatability studies performed on ORR wastes are summarized in
Appendix C of this report. Included in this summary with thermal desorption and FWF
technology is radionuclide removal. Radionuclide removal is a major process in the MWTF
but is not necessary to meet the LDR; therefore, it is not a part of the DDT&E Program.

7.3 THERMAL DESORPTION

The removal of volatile RCRA and TSCA constituents, in particular mercury,
polychlorinated biphenyls (PCBs), and chiorinated solvents, is essential to the development of
a treatment method for many of the Appendix B wastes because of the widespread nature of
these contaminants in ORR wastes.®> The broad class of processes known as thermal
desorption has been chosen to accomplish the removal of these volatile hazards. Thermal
desorption is an ex situ means to physically separate volatile and semivolatile contaminants
from soil, sediments, sludges, and filter cakes.® A project plan for thermal desorption will be
developed that provides the data required to design an optimized processing facility (or
facilities in the case of transportable units). This optimized process will include not only the
parameters of the desorption unit itself but also the off-gas and front-end handling systems.
The data will be acquired through bench-scale and pilot-scale experiments either on-site (the
ORR) or off-site (at other DOE facilities or at a commercial vendor).
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7.4 FINAL WASTE FORMS

The FFCA TSP identified four immobilization technologies for treatment of the
Appendix B wastes: cementation, glass melting, microwave solidification, and polymer
encapsulation. The FWF Project is chartered with providing the necessary data and process
information to support development of these technologies. This section describes the activities
comprising the FWF Project. This project will support the identification and selection of the
TSP stabilization processes and, as funding pemits, the design and operation of a stabilization
facility.

The FWF Project has four fundamental goals:

- develop stabilization methods for specific FFCA Appendix B wastes,

« provide the technical information necessary to facilitate selection of the stabilization
technology,

« provide technical assistance for the design of the MWTF, and

« provide the capability to evaluate future modifications to the MWTF and treatment
options for miscellancous small-quantity waste streams.

To accomplish these goals, four key activities are planned: Development of
Stabilization Technologies, Development of Final Waste Form Performance Criteria,
Development of a Waste Matrix Baseline, and Establishment of Potential Vendor
Requirements. The stabilization technology development effort involves coordinating final
waste form development activities with activities of other DDT&E projects as well as with the
MWIP. Consequently, the FWF Project may be modified to reflect developmental and process
knowledge gained from these projects.

An aggressive schedule is planned for both the FFCA and the MWTF final waste form
development projects. Therefore, stabilization development activitics must be conducted in
parallel with waste evaluation and characterization efforts. Therefore, the design effort for the
MWTF must be flexible to adapt as new waste stream information becomes available. To
meet the design data needs of the MWTF Conceptual Design Report (CDR), a CDR
development testing plan will be developed by the MMES Engineering Division. The
resulting test plan will be integrated into the FWF Project plan. During the design phase of
the MWTF, a variety of engineering information will be required. The preliminary data needs
will also be addressed through the development activities described in the project plan and the
CDR development testing plan. As the design of the stabilization processes proceeds, the
evaluation of specific hardware configurations will be necessary. Although many of the
hardware issues may be evaluated on a small scale, some issues can be adequately addressed
only at the pilot- demonstration scale.

7.4.1 Development of Stabilization Technologies

Immobilization technologies encompass a broad range of treatment methods. The TSP
sclected two solidification and two stabilization methods for consideration as immobilization
treatment alternatives. Solidification is any physical treatment of waste to form a monolith.
The principal method of protecting the environment is physical encapsulation of the waste.
The solidification medium forms a barrier to impede contaminant leaching by an external
water source. Stabilization may produce a monolithic final form but also chemically binds the
waste matrix and contaminants to the stabilization medium. These treatments produce waste
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forms that are potentially less leachable and more environmentally benign. EPA treatment
standards favor stabilization over solidification.

7.4.1.1 Cementation

Cementation processes comprise a large number of solidification media including
portland cements, pozzolans, and sulfur-polymer. A brief description of the more common
cementation processes follows. Various waste types might use variations of these
solidification processes in order to effectively treat a specific waste stream.

The most common cementation method uses portland cement as the solidification
medium. The process involves combining portland cement, water, and the solid or liquid
waste to form a grout which can be cast into a variety of containers. Some solidification
processes allow for the mixture of constituents directly in the drum used for final waste
disposal. Treatability tests must be performed prior to production-scale waste treatment {0
establish the ratio of cement, water, and waste which will create the best waste form for
specific waste types and contaminanis. The adequacy of the waste form varies according to
the physicochemical composition of the waste and the manner in which it is processed.
Various admixture components may be used to affect various physical or chemical properties
of the final waste form. Portland cement solidification is an easily implemented process, but it
significantly increases the weight and volume of the final form. Portland cement solidification
has been widely used to treat soils, sludges, ashes, and other materials contaminated with both
hazardous and radioactive contaminants. :

A modification to portland cementation incorporates pozzolanic material as an additive.
This method uses the finely divided, noncrystalline silica in pozzolanic materials and the
calcium present in the portland cement to produce a grout composed of calcium silicate and
aluminohydrates. Another approach is to use thermoplastic sulfur cements for encapsulation of
a variety of low level and mixed wastes. The sulfur mixture is heated above its melting point,
combined with dry waste to form a homogeneous mixture, and cooled to form a monolithic
solid. This process has been used to treat sodium sulfate salts, boric acid salts, incinerator
bottom ash, and incinerator fly ash.

7.4.12 Glass Melting

Glass melters are used for processing wastes by incorporating the waste matrix and
metal contaminants into the glass. Solid wastes are mixed with glass formers and fluxes and
introduced into the glass melter cavity. The mixture is heated to its melting point using a
variety of energy sources including natural gas, resistance heating, or joule heating. Molten
glass is drawn from the bottom of the melter and either pelietized or poured directly into
heated drums. The drums are slowly cooled to alleviate thermal stress fracturing and to
prevent undesirable crystallization. Fluxing agents may be added to effect favorable changes
to chemical characteristics of the glass. A major drawback may be the need to add large
amounts of silica to specific waste matrices in order to produce an amorphous waste form.
Glass melting has the potential of reducing the total waste volume while creating a leach-
resistant final waste form.
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7.4.1.3 Microwave Solidification

Microwave solidification processes use microwave energy to heat waste materials to
their melting points directly in the shipping container. Microwave melters have been reported
to reduce the volume of certain wastes by up to 80% (compared with cementation processes)
while forming a synthetic mineral. Synthetic minerals incorporate the metal contaminants
directly into the crystal structure; however, mineral morphology needs to be determined for
specific waste matrices. The interaction of the energy and waste during processing is
conducive to crystal formation. Additives to the waste, to aid in melting and subscquent
mineral formation, are minimal. The drum serves as the resonant cavity for the application of
the microwave energy.

7.4.2 Waste Form Performance Criteria

To assess the effectiveness of specific waste forms, performance criteria need to be
established and the rationale for their selection developed. These criteria will also aid in
establishment of process down-selection criteria by forming the basis for waste form
comparisons. The definitive performance criteria will take into account process, transportation,
NRC and other regulations, and disposal sitte WAC. Development of the performance criteria
will be integrated with similar efforts at other DOE facilities including the FWF TSG in
support of the MWIP. However, the schedule for the MWIP efforts is not as aggressive at that
presented in this plan,

Initial performance criteria will be based on 40 CFR 268, LDR Prohibitions, Subpart D,
Treatment Standards. Analysis of the extract from the TCLP will be used as the initial
performance test. The performance standards will be the Constituent Concentrations in Waste
Extract, Table CCWE, 40 CFR 268.41, for specific LDR contaminants. Other criteria will be
identified through document searches and interaction with Facilities Engineering.

Ultimately performance testing will be conducted that will correlate the waste form
characieristics to long-term durability. This relationship would allow waste disposal facility
performance assessment evaluations to take responsibility for the final waste forms and hence
reduce overall disposal costs. The validity of currently known test methods related to
durability will be assessed and evaluated with respect to development needs.

7.43 Waste Matrix Baseline

Due to time, budget, and manpower constraints, each Appendix B waste stream and
secondary waste destined for treatment through stabilization cannot be fully characterized and
evaluated to meet the FFCA and MWTF design deadlines. Therefore, the development efforts
concentrate on waste streams having sufficient processing history with respect to suitability
with a given grout, glass, or mineral morphology.

Reports and other documents will be reviewed to determine if final waste forms for
specific waste types have previously been tested. This will facilitate identification of
Appendix B waste streams that have the appropriate waste form specified by regulation.
Recognized experts in grout, glass, and mineral formulation will also be identified and
subcontracts established with appropriate scopes of work. In addition, a list of problem
contaminants will be established.
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7.4.4 Vendor Requirements

Each development project will establish the requirements necessary for selection of
vendors to perform appropriate development or consulting services. These requirements may
include permits currently held at the vendor’s laboratory, quality assurance plans, waste
managements plans, testing and safety procedures, and training documentation. These
requirements will be compiled and defined in a document for vendor evaluation.

Using these requirements, a list of qualified vendors will be developed in consultation
with the Procurement Division. The selected vendors will be subjected to a formal audit to
ensure compliance with all applicable MMES and DOE requirements. This audit will be
performed in conjunction with properly trained MMES QA auditors.

7.5 TREATMENT PROCESSES FOR AQUEOUS/ORGANICS/DECONTAMINATION

The technologies discussed so far will cover the treatment of 80 to 90% (by volume) of
the mixed wastes on the ORR. The remaining 10 to 20% must also have viable trecatment
options for inclusion in the treatment methods plan due to the EPA in March 1995. These
wastes can be categorized into three classes: aqueous liquids, organic liquids, and debris.
Treatment technologies listed for debris in Table 1 for which treatability studies will be
performed are glass melting, microwave melting, thermal desorption, solidification, and rotary-
kiln incineration. The aqueous and organics wastes must be either treated for discharge or
pretreated prior to primary trealment in an existing waste treatment process or at the MWTF
(when it is operational). The TSP indicates that the pretreatment approach is to be pursued for
the aqueous and organics wastes. The problematic characteristics for the treatment or
pretreatment processes may be physical, such as particulate size distribution (micron-size
particulates may blind filters in an off-gas treatment system) or chemical, such as the presence
of chlorides, nitrates, and organics (creating problems for the final waste forms). The
characteristics of concem, whether chemical or physical, must be delineated by the applicable
regulations (e.g., Clean Water Act and National Emission Standards for Hazardous Air
Pollutants); the other projects within this DDT&E Program; and/or the WAC of the existing
treatment facility that would further process the wastes. The separation or elimination of these
characteristics or the species that create them will be the focus of this project within the
DDT&E Program. A listing of many of the chemical/physical separations technologies
available can be found in Table 5.

7.5.1 Agqueous Liquids

Aqueous liquids contain <1% organic content and are pumpable. This category includes
corrosive acids, corrosive bases, reactive cyanides, and toxic metals. Contaminants include
mercury, lead, and trace amounts of other toxic metals and hazardous organics. The other
treatment processes generate streams that must be treated as well. These include
decontamination solutions, scrubber solutions containing metal chlorides, and condensate that
does not meet disposal criteria. The primary function of these processes is to separate or
destroy organic contaminants as well as suspended and dissolved solids from the aqueous
matrix’ to produce water that is suitable for either recycle or discharge in compliance with the
appropriate regulations. One of the more challenging wastes in this areca will be those
contaminated with mercury.
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Table 5. Chemical/physical separation technologies

Solid/liquid separation technologies

Chemical technigues

Neutralization
Coagulation/Flocculation
Pyrochemical processing

Surfactants
Oxidation/Reduction
Precipitation

Biological processing

Media beds

Activated carbon adsorption
Noncarbon adsorption
Affinity chromatography

Chromatography
Ion-exchange beds
Biosorption

Membranes

Reverse osmosis
Ultrafiltration
Microfiltration

Electrodialysis
Supported liquid membranes

Electrolysis

Electrokinetic techniques

Thermal

Conventional evaporation
Thin-Film evaporation
Drying

Filtration

Solvent extraction

Nitrate destruction

Salt splitting
Electrodialysis ion exchange

Electrochemical ion exchange

Nitrate to ammonia and ceramic conversion

Biodenitrification
Steam reforming

Mechanical separation

Sedimentation
Centrifugation

Hydrocyclones
Flotation
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Table 5 {continued)

Liquid/Nliquid separation technologies

« Media beds

Granular activated carbon
Powdered activated carbon
Biosorption

« Distillation

o Steam stripping

e Air stripping

= Mechanical techniques

Centrifugation - Flotation
Plate settlers - Gravity settlers

=  Membranes

Pervaporation - Microfiltration
Ultrafiltration - Supported liquid membranes

Solid/solid separation technologies

e Mechanical techniques

Air classifiers - Trommel screens
Density tables - Dense media separation
Friction slides

« Electromagnetic techniques

High field gradient magnetic - Electrostatic
Conventional magnetic - Magnetic fluid
Eddy current

Source: C. H. Brown, Jr., and W. E. Schwinkendorf, Technical Area Status Report for Chemical/Physical
Treatment, Volume [, DOE/MWIP-8, Martin Marietta Energy Systems, Inc., August 1993.

7.52 Organic Liquids

Organic liquids include >1% organic content, and most, but not all, streams are
pumpable. This category includes nonhalogenated organics, halogenated organics, and
scintillation cocktails. Other contaminants include mercury and trace amounts of other toxic
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metals. Liquids generated by other treatment processes will include solvents used in
decontamination or hazardous species leached from dry wastes.

These wastes are expected to contain suspended and dissolved solids and up to 99 wt %
water. The primary waste input includes organic liquids, spent solvents, scintillation vials,
PCBs, heavy oils, and organic sludges and slurries. The form of the waste will be varied,
consisting of vials of liquid, laboratory packs containing liquid containers, and barrels of
liquid, as well as oils and siudges containing solids in the form of grit, rags, gloves, and small
equipment items.

In addition, organic liquids will come from the phase separation processes used to treat
aqueous waste. Organic solvents used in decontamination processes will also be sent to this
treatment line. One of the greatest challenges to be met by this group of processes is the
condensate from the thermal desorption of soils or sludges contaminated with mercury, PCBs,
and volatile organic compounds (VOCs). The PCBs and VOCs must be separated from the
mercury and water prior to shipment to the TSCA incinerator.

7.5.3 Debris

Debris is characterized as construction or remediation wastes having physical
dimensions over 60 mm. These wastes will be excluded as RCRA hazardous if they are
contaminated only with listed hazards. Characteristically hazardous debris will have to be
treated as any other characteristically hazardous waste. Part of the strategy for debris will be
to include physical pretreatments that reduce the volume of debris requiring treatment.

7.6 TREATABILITY STUDIES APPROACH

A majority of the DDT&E efforts will focus on the development and performance of
treatability studies. The treatability studies span the gap between the understanding of the
waste characteristics and the pilot-scale demonstrations. These bench-scale or laboratory-scale
studies look at comparatively small volumes of waste to test for the individual parameters of a
treatment technology. The general purpose of these studies is io determine whether or not the
technology concept is feasible for or applicable to the wastes tested. Due to the small volumes
and relatively inexpensive equipment used, the bench-scale studies are utilized to test relatively
large numbers of both performance and waste-composition variables.

In a few cases, the characterization data will be sufficient for treatability studies to
proceed immediately. However, in most cases, a series of preliminary activities will be
initiated first and the treatability studies begun after sufficient information exists to make them
worthwhile. One of these preliminary activities will be a literature search. Included in this
literature search will be these questions:

On what wastes has the technology already been used?

How successful was it?

What are the problematic constituents for the process?

Are there vendors with the capability to run treatability studies and/or pilot-scale
demonstrations?

Fal el e

Item #3, conceming problematic constituents, is critical to the efficient implementation
of the data evaluation and characterization efforts (Sections 5 and 6).
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With the inputs from the literature search, the data evaluation, and the characterization
cfforts, the treatability studies can proceed. However, individual studies will proceed when the
knowledge base on the waste/technology pairing meets the criteria set in the project plan.
Each project will assess the capabilities available on the ORR and at other DOE sites as well
as those available through commercial vendors. With the known capabilities scoped, the best
mix of locations can be derived for the treatability studies. Even in the event that the majority
(if not all) of the studies are done by outside vendors on a particular technology, confirmatory
studies will be performed locally, if possible, to provide assurance of the quality of the data
from the vendors. In addition, the studies will be set up among several vendors (with some
degree of overlap). This overlap will serve the same function as the internal confirmatory
studies (reality check) with the added benefit of providing a means to compare the results of
different technologies on different waste streams.






8. PILOT-SCALE DEMONSTRATION FACILITIES

Despite the amount of knowledge and insight that will be gained through the treatability
studies and the characterization efforts, insufficient information will exist in most cases to
properly design a treatment facility. Both treatability studies and waste stream characterization
are static inquiries; only a small portion of the waste stream, which does not include all the
variability of an entire process, is treated. Therefore, those dynamic attributes associated with
the streams are still unknown. Additionally, the full impact of physical and chemical kinetics
can be addressed only on a theoretical level at the treatability-study level. Also, a systems
approach must be taken at an intermediate scale to assess the process from start to finish
(which nommally is not done at the treatability-study level). Until the effects of scaling up the
process and the issue of looking at the whole process are addressed, too much uncertainty
regarding the process effectiveness will exist for large treatment facilities. The best way to
learn how a process will work with particular waste streams is to scale up from the bench or
laboratory scale to the pilot scale. Pilot-scale demonstrations can and will provide the
developers and designers with information that only these larger-scale studies can provide.

8.1 RATIONALE

To support the design of potential treatment options for the Appendix B wastes, pilot-
scale demonstrations are planned for each of the technology areas described in Section 7
(thermal desorption, final waste forms, plus aqueous, organics, and decon). The selection of
the process or processes within each of technologies as well as the waste streams to test in
those processes will depend on results from the treatability studies. Even at this point,
however, several general comments can be made.

First, because of the limited time and resources to apply to treatment development,
waste streams for application to the pilot demonstration in each technology arca will be chosen
to provide the best possible spread of matrices and contaminant levels. This list of wastes
may change as the characterization work progresses; however, a set or sets will be chosen, and
the rationale for those selections will be documented.

Second, because of the variety of waste matrices and contaminants, more than one pilot
per technology area is likely. Consider the case of thermal desorption. The divergent feeds
(different soil types plus sludges) make it unlikely that a single process will emerge from the
treatability studies for all applications.

Thirdly, given the schedule constraints placed on the DDT&E Program, failure of a
single technology cannot be permitted to bring the program to a halt.

Finally, no pilot-scale demonstrations are currently planned for radionuclide removal.
Several reasons exist for not pursuing this technology area beyond treatability studies, primary
of which is the fact that it is not an LDR requirement and does not open truly viable options.
The LDR on which Oak Ridge’s FFCA is based does not require any action on the radioactive
components in the mixed waste. Therefore, the program cannot justify a large expenditure of
its limited resources to address the issue. This is especially true because treating the mixed
waste to remove radionuclides so that the uranium activity is 35 pCi/g or less does not ensure
MMES/DOE that a disposal option then becomes available.
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The state of Tennessee has established the 32 or 35 pCi/g as an acceptable level for
industrial wastes disposed of on-site. This level is based on two letters from DOE-ORO
personnel.>'® The licensing of an on-site landfill is many years in the future at best. Since
there are no hazardous waste landfills operating in the state, the possibility of off-site disposal
is a long-term hope at best.

8.2 DEMONSTRATION MANAGEMENT

The current organization chart shows a demonstrations coordinator matrixed to the
DDT&E coordinator. These personnel will have the responsibility for ensuring that the needed
demonstrations are performed by the appropriate vendors, that the data/process requirements
are clearly communicated, and that the work is performed within specified budgets. Each pilot
will have a written statement of work to serve as the primary documentation of the study’s
requirements. A key technical contact will be appointed to each of the demonstration pilots.
This will be the technical resource that monitors the performance of the vendors to provide
reasonable assurance that MMES instructions are carried out. For these activities to occur,
regular meetings will be held between the development personnel and those dealing directly
with the pilots. Where possible, these will in fact be one and the same. Periodic reports from
the vendor will be made to the demonstration coordinator and the DDT&E coordinator for
inclusion in the program’s quarterly reports. Letter reports will be written as required to
distribute key information in “real time.”

For more information on the proper conducting of demonstrations, please refer to
ORNL/TM-11848, Guidance Manual for Conducting Technology Demonstration Activities.®



9. PROCESS ANALYSES

To fully assess a treatment process, the total system must be analyzed. This analysis on
several different treatment trains will be a substantial task that is essential to provide the
decision makers the full picture of the alternatives. The alternatives will be analyzed using the
FL.OW software developed by personnel in the Chemical Technology Division of the Oak
Ridge National Laboratory. FLOW (which is available to all DOE installations) is similar to
ASPEN and CHEMCAD in that it contains user-friendly interfaces and a library of process
unit operations. These operations can be linked and their operating parameters varied to
analyze and compare systems. With these data the effectiveness, risks, and life-cycle costs can
be better estimated. FLOW provides rough-order-of-magnitude mass and energy balances. If
more sophisticated analyses are required, FLOW can communicate with the more powerful
ASPEN-PLUS program. The aim of the process analyses is not only to provide direct
comparisons of different technologies but also to eliminate personal bias as the primary
decision-making criteria.

As data from the treatability studies become available, they will be fed to the process
analysis group. The data will assist this group in setting up and verifying its unit operations.
At the same time, the work this group is performing for the national program (FLOW and
ASPEN-PLUS) can be used to refine our models and to bring to light possible problems with
or contradictions between the two efforts. When the pilot data are available, these too will be
entered and the technologies assessed.
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10. PERMITS

The DDT&E Program has more challenges than just technical ones. Regulatory limits
on the quantity of waste that can be involved in treatment studies reduce the resources that
MMES can potentially utilize to address the problems. Therefore, a strategy needs to evolve
that can maximize our effectiveness without violating the regulations.

10.1 COORDINATION AMONG ACTIVITIES AND WITHIN THE SITES

Each site has a Treatability Study Exemption (TSE) from the state of Tennessee. The
TSE permits the storage of 1000 kg of waste at cach site at any one time and the processing of
250 kg/day at each site. To ensure compliance with the TSEs, each site has personnel who
constantly monitor these activities and set restrictions on the studies. Thus, this program does
not have to formulate or implement plans in this regard. However, the different projects will
have to work together when these limits are reached at one or more of the sites. This will be
accomplished on a case-by-case basis. The criteria used to evaluate these conflicts, when or if
they arise, will include waste stream priority, complexity of study, and schedule impacts.

10.2 OVERALL PERMITTING STRATEGY

At this point, the need for an overall ORR permitting strategy is not clear. After the
individual project plans are written and the schedule details are established, a more distinct
picture will develop, and the need for an overall strategy can be examined. If more than the
TSEs are required for the sites and it is not appropriate for an outside vendor to perform the
work, three possible courses of action can be pursued: apply for a research, design, and
development permit; apply for a Part B permit; or negotiate a new interpretation of “facility”
under the TSE. Only the new interpretation of “facility” has the potential to be implemented
in time to affect this program.

The TSE limitations require that no more than 1000 kg of waste be involved in
treatability studies at any facility at a time and that no more than 250 kg be studied each day.
If the Tennessee Department of Environment and Conservation (TDEC) could be convinced to
change the interpretation of facility from each of the ORR sites to, for example, the project
level of this program (e.g., thermal desorption), then each project would be limited to 1000 kg
of waste, 250 kg/day. This request has never been made to TDEC; therefore, only estimates
can be given of the time required to obtain concurrence and permission, Four to six months
would be a reasonable guess for a routine negotiation. It is hoped, however, that the state
would be amenable to expediting the process in the interest of seeing waste streams treated
rather than just stored. If the new interpretation is granted, then this program and the sites
would be responsible for developing a system to monitor the studies for compliance.
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10.3 ASSESSMENT OF OFF-SITE FACILITIES’ PERMITS

The assessment of the off-site facilities’ permits will be an integral part of the readiness
review that each potential vendor must undergo prior to the initiation of a subcontract for its
services. Not only will their RCRA, TSCA, and RAD permits be examined, but the QA/QC
and safety procedures will be reviewed for compliance with MMES, DOE, and EPA standards.



11. QUALITY ASSURANCE/QUALITY CONTROL

The DDT&E efforts associated with the Oak Ridge LDR FFCA depend on the quality
of the work performed by many different groups of professionals both inside MMES and
outside (other DOE sites and commercial vendors). To help ensure that the activities
performed by these diverse groups are conducted in a planned and controlled manner as well
as meet the standards necessary to satisfy MMES, DOE, and EPA requirements, this program
shall write a QAPP. Performing quality work and implementing a QA program can only be
achieved through a cooperative effort and a commitment to quality by all program personnel.

The QAPP will set forth the upper-level QA requirements for the major projects
(thermal desorption, final waste forms, radionuclide removal, and data
evaluation/characterization) making up this program. The QAPP will address many different
QA aspects, including the following:

1. project category evaluation (1o determine the theorized consequences of a lack of
quality and thus to establish the level of QA required),

customer needs and requirements,

DQOs,

experimental work plans and procedures,

design and process control,

test control,

document control and configuration management, and

reporting.

PN AW

Those involved in each of these major projects will write a PQAP for their specific
arcas. Since these areas cover a fairly wide range of subactivities, the QA requirements for
these projects will vary. However, these variations will be permitted only after each project
has assessed its required QA level against the standards set in the QAPP.

Special efforts will be made to ensure that the QAPP and the PQAPs do not contradict
the QA plans of the divisions represented in the organization chart. These groups include
ESWMO, Y-12 Development, Chemical Technology, and Engineering.

41






12. INTERACTIONS WITH THE NATIONAL LOW-LEVEL
MIXED WASTE PROGRAM

Mixed waste is a problem throughout the DOE complex. The NLLMWP has been
tasked to formulate a comprehensive and consistent approach to technology development. The
NLLMWP has taken a two-pronged approach: the MWTP and the MWIP. The MWTP has
developed a baseline for the treatment of mixed wastes based on commercially available
technologies for generic DOE wastes. The MWIP has identified areas of need for this baseline
and will plan and manage the national rescarch, development, testing, and evaluation
(RDDT&E) for DOE’s Office of Waste Management. The technologies listed in Table 1 for
possible integration of ORR’s requirements into the MWIP include polymer encapsulation (in
the FWF Project plan), as well as supercritical fluid extraction and steam cleaning (in
Aqueous/Organics and Decontamination Project plan).

The MWIP has several other initiatives that should be followed as part of this effort.
Three prime examples of these initiatives where synergism could be achieved are (1) “vitrify-
to-delist-to-dispose,” (2) characterization of “representative” DOE wastes, and (3) mercury
removal. A brief description of each follows.

One of the major concerns of any treatment scheme is whether or not the treated
material can be disposed of rather than stored in perpetuity. For RCRA wastes considered to
be characteristic, testing can be performed to verify that the characteristic hazard has been
treated successfully. For listed wastes, the process of delisting (certifying that the
contaminants of concemn are no longer of concem or are in a form that is no longer a concern)
must occur. DOE has never delisted a waste stream; therefore, no precedence exists afier
which to pattern a successful delisting effort.. To break the necessary ground to delist a waste
stream and eventually a process, several waste streams from throughout the DOE complex
have been screened and chosen as candidate waste streams for direct vitrification. The plan is
to characterize these wastes, run them through a well-thought-out set of vitrification runs,
collect the requisite data on the glass, and submit the results to EPA for delisting, One of the
waste streams chosen for this effort is the West End Treatment Sludge from the Y-12 Plant.
Close communication and cooperation will be maintained to reap the maximum benefit from
this effort. :

The national program has as one of its objectives the construction of a series of
prototype mixed waste treatment plants throughout the complex. To accomplish this objective,
treatability and pilot-scale studies need to be performed. The problems associated with using
prototype treatments to treat more than one waste type are compounded in that the wastes
streams at the different sites are variable not only within themselves but from site to site even
if they carry the same designation. To ensure that the processes they test are comparable, the
MWIP has chosen 16 categories from among its waste categories to have surrogates
developed. These surrogates will be used to test all technologies associated with the
designated waste categories. Personnel at the K-25 Site will be leading the surrogate efforts.
An understanding of the surrogate formulations will aid us in assessing the results of the
national program’s testing efforts. The categories that K-25 Site personnel have selected are
shown in Fig. 4,

ORNL personnel are leading an MWIP initiative to assess the state of the an for
mercury removal from solids, liquids, and gases. This type of literature search is an important
starting point for efforts associated with the FFCA, especially for thermal desorption. Mercury
will have 1o be removed from soils and sludges and then treated in the off-gas systems (either
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in liquid or gaseous effluents). The leader of this task is a key team member in the thermal
desorption project for the FFCA.

As other NLLMWP efforts come to light or if ways emerge in which the Oak Ridge
work can advance the national program, these data will be exchanged. If warranted and if
resources permit, someone will be assigned full-time to ensure that the synergisms occur,

The D&DID is another DOE-funded program with national scope with which the
DDT&E Program will establish a working relationship. Although the exact areas of
cooperation are not known at this point, this relationship should prove beneficial to both
programs. The D&DID does not currently have any regulatory drivers, only economic ones.
By seeking 1o fill technology gaps identified by the DDT&E Program, the D&DID obtains the
regulatory driver of support for the ORR FFCA. Obviously, the DDT&E Program will benefit
through access to the integrated demonstration’s expertise and testing facilities.






13. SCHEDULES AND COSTS

In March 1995, DOE must submit to EPA the treatment plan for the wastes listed in
Appendix B. To accomplish this task, the necessary data must have been obtained and
analyzed so that informed, defendable decisions can be made. More directly stated, the
characterization, treatability studies, and the pilot-scale demonstrations should be sufficiently
advanced by the end of the first quarter of FY 1995 to begin the drafting of the treatment plan.
These needs (striving to meet these needs) are the basis for the schedules and the costs shown
(see Table 6 and Fig. 5). The DDT&E efforts will continue for several years beyond the first
quarter of FY 1995 (into FY 1998) to improve our understanding of the waste streams and the
treatment technologies for MWTF as well as to develop technologies for the non-MWTF waste
streams.

In the following sections, the rationale and other assumptions that were used to generate
the projected costs and schedules are delineated. The budgeted amounts are based on guidance
from ESWMO rather than on those amounts deemed necessary to propose the best treatment
options available.

13.1 THERMAL DESORPTION ASSUMPTIONS

Since the data evaluation effort is not complete, the full picture of how many waste
streams are candidates for thermal desorption is not clear. However, based on the data
available, 46 waste streams that are contaminated by mercury, PCB, or both have been
identified for treatment in the MWTF. Added to this list are 14 non-MWTF waste streams.
These 60 wastes will be sampled to varying degrees of thoroughness. Full characterization (as
determined by the requirements in the project plans for Thermal Desorption and FWF) of four
of these wastes will probably be necessary to scope the anticipated capability required of the
process. To fully characterize a large waste stream, it has been assumed that 30 saraples will
be required and that the analysis for each sample will cost $5K. The number of samples and
the projected cost per sample are based on discussions with the former K-25 Waste
Management Division during its preparations to sample the Central Neutralization Facility
{CNF) sludges in April 1993,

Six other wastes would be “fingerprinted” starting in FY 1994. This would involve a
lesser number of samples with full analysis on each or the same number of samples with fewer
analyses conducted. It was further assumed that the treatability studies and the pilots had the
costs for analyzing the treated wastes and other effluents in their estimates. The rationale for
the limited characterization of the remaining wastes is twofold: (1) budgets are limited, and
(2) the waste streams chosen for full characterization will have the largest impact on the
processes due to their volume and/or the concentrations of contaminants.

Treatability studies would begin in FY 1994 for the four waste streams that will have
full characterization. The cost of a treatability study was assumed to be $150K. Additionally,
for FY 1994, six other wastes would go through studies that do not entail the rigor of a
treatability study. In FY 1995 through 1998, four or five streams each would be involved in
treatability studies. Because these wastes will be smaller in volume, the scope of the studies
will be smaller, and cost per study will be lower, Please note that a smaller number of wastes
will go through treatability studies than will be characterized. With the limited budgets
anticipated, the strategy is to bound the processes required using the largest volumes and the
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Table 6. DDT&E budget requirements

DDT&E budget requirements ($K) by fiscal year

Item

1993 | 1994 | 1995 | 199 | 1997 | 1998 | Total

Thermal desorption

Characterization 0 786 750 500 400 400 2,836
Treatability studies 136 700 750 750 600 600 3,536
Fast-track pilot 370 112 0 0 0 0 482
Follow-on pilots® 0 0 600 700 700 400 2,400
Subtotal 506 1,598 | 2,100 | 1950 | 1,700 | 1,400 § 9,254
Final waste forms
Characterization 0 815 750 750 750 750 3,815
Treatability studies 879 2,780 | 1,000 800 800 550 809
Capital equipment 264 0 0 0 0 0 264
Pilot demos® 0 0 1,750 | 1,500 | 1,000 | 1,000 5250
Subtotal 1143 | 3595 | 3,500 | 3.050 | 2,550 | 2,300 § 16,138
Aqueous/Organics/Decontamination technology development
Characterization 0 87 500 700 500 500 2,287
Treatability studies 31 500 1,000 750 500 500 3,281
Pilot demos 0 0 0 750 850 900 2,500
Subtotal 31 587 | 1,500 | 2200 | 1850 | 1900 | 8,068
Data investigation
Evaluate waste data 725 886 50 50 50 50 1,811
Characterization support 50 470 500 400 400 300 2,120
Subtotal 775 | 1356 | 550 | 450 | 450 | 350 § 3,934
Program management 500 800 800 800 600 500 4,000
National program 50 50 50 50 50 50 300
interface
Total
3,005 7,986 | 8,500 | 8,500 | 7,200 | 6,500 | 41,691

“Amounts shown for FY 1993 include projected expenditures as well as those monies contractually

committed.

PCapital and expense dollars.




Activities

FY93

FY9%4

FY95

FY96

FY97

FY98

Evaluation of Waste Data
Compositional Characterization
Technology Selection Criteria
Treatment Methods Plan
Integrated Treatability Studies
Thermal Desorption Pilot
Stabilization Pilot Studies

Quarterly Reports

03/93

10/94

Fig. 5. FFCA treatability study/technology development schedule.
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most-contaminated wastes. The characterization efforts will attempt to ensure that the
heterogeneity of the wastes is accounted for prior to trcatment.

The fast-track pilot began its efforts in FY 1993 and will continue into FY 1995. This
would be the largest and most ambitious of the pilots for the Thermal Desorption Project.
Several different vendors would be involved with treatability studies initially. These studies
would require 6 months to complete. A subset of those that performed treatability studies will
satisfy the acceptance criteria to be considered for actual pilot operations. Some
characterization would be done by the vendors to confirm the data supplied to them in the
statement of work and to determine whether the treated wastes meet the performance criteria.
It was assumed that four vendors would perform the treatability studies and that the studies
would cost MMES $50K per month per vendor. The final assumption made for this pilot was
that only two vendors would move on to the pilot scale and would cost 100K per month per
vendor for 9 months.

A series of three follow-on pilots would commence in FY 1995 and continue through
FY 1997 (one each in FY 1995, FY 1996, and FY 1997). These pilots would examine those
wastes that might require a sufficiently different set of parameters (handling and operating) to
justify the costs as well as to examine the off-gas and effluents treatments at a larger scale.

13.2 FINAL WASTE FORMS ASSUMPTIONS

To account for the wastes that are candidates for direct stabilization/solidification and
the secondary wastes from the MWTF that will require treatment prior to disposal, the
assumption was made that 75 wastes must be characterized. Of these 75, only 4 would receive
full characterization in FY 1994 and 10 would be fingerprinted, because of funding
restrictions. The same cost assumptions used in the preceding thermal desorption section were
applied here.

Treatability studies would start in FY 1994 and continue through FY 1998. The initial
work in FY 1994 would consist of performing literature studies, formulating experimental
matrices, preparing MMES laboratory space (total of $500K), and getting subcontractors on
board (200K). The subcontractors would perform the initial treatability studies, while MMES
could prepare its facilities and would provide expertise in handling organics, for example. The
capability to support the FFCA and those processes put in place to do the actual treatment in
the future are the driver for the MMES laboratory facilities. The vendor treatability studies
would be completed in FY 1995, and in-house treatability would commence in mid—-FY 1994,

Pilot work would not begin until FY 1995. Each pilot has an assumed cost of
approximately 1000K. This is based on discussions with Catholic University/Duratek, which
currently have a contract with MMES to do the first vitrification treatability studies. It was
estimated that a total of five pilot-scale demonstrations will be required to cover the range of
trcatment options and the scope of the wastes to be treated. Some of these pilots will cost
much less than the $1000K estimated, while some could cost up to $2000K. Thus the
estimate used will be an average for the five pilots. Capital equipment purchases will be
minimized due to the limited funding in FY 1995 through FY 1998. This may severely
hamper MMES" ability to find subcontractors to perform these pilots, particularly in the area
of ceramics and vitrification. If this is so, the program will be forced to utilize grout, with its
increased life-cycle costs, for almost all applications.
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13.3 AQUEOUS/ORGANICS/DECONTAMINATION TECHNOLOGY
DEVELOPMENT ASSUMPTIONS

These are the technologies required to treat aqueous and organics wastes as well as
debris (surface decontamination). From a characterization standpoint, these waste streams may
be the least understood. Despite this shortcoming, the current budgets will not permit
characterization to begin until FY 1994. The characterization that will be performed will be
used to support the treatability studies with limited data (5 wastes in FY 1994, 25 10 28 in
FY 1995, 40 in FY 1996, with 25 each in FY 1997 and FY 1998). These limited data will
permit the treatability studies to establish a foundation for a development program to be
referenced in the treatment plan. The treatability studics needed will be formulated in skeletal
form in FY 1994 after the data evaluation effort has provided sufficient information. The pilot
demonstrations for the treatment processes to be designated in the treatment plan will start in
FY 1996 on a reduced scale.

13.4 DATA INVESTIGATION ASSUMPTIONS

Since the data evaluation is the critical path for this program, during the last 6 months
of FY 1993 and the first 7 months of FY 1995, seven persons would be dedicated to the
effort. A majority of the work will be performed by subcontractors. After the initial effort,
the database would require upkeep, which should be a quarter of a full-time equivalent (FTE).

The item “characterization support” from Table 6 includes an FTE to coordinate all the
characterization efforts for the DDT&E Program and the costs of sampling the wastes.

13.5 OTHER ASSUMPTIONS

The management of the DDT&E Program will require that the DDT&E coordinator be
assigned to this function full-time. In addition, the program management estimates include the
services of a QA specialist(s) to administer the QAPP.

The ongoing efforts associated with the NLLMWP will be monitored as practicable
within the budgets available to atempt to ensure that duplication of work is minimized and
that key data are communicated in both directions. This would require someone working these
issues full-time under optimal circumstances. However, funding for only one quarter of an
FTE is available.
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APPENDIX A. DATA SUMMARY

The tables that follow contain summaries by site and summary data for the entire ORR
for the Land Disposal Restricted mixed wastes that appeared in Appendix B of the FFCA.
The amounts shown here will change as more detailed information is acquired in the Data
Evaluation Project. ‘ :
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Table A.1. Summary of K-25 Site Land Disposal Restricted mixed waste
without identified treatment technologies

Annual
Waste generation Storage
handling Waste group (kg) kg) EPA code
1100 28,315 142,639 DO001,2,7,8,9
1000 1200 4,389 27,085 | D002
Aqueous 1900 159 150 | D001,2,3,5,6
liquids
1900 (Hg) 208 830 D002, 7, 9; FO06
2100 18,475 76,928 DOMX; FOO1, 2, 3
2000
Organic 2200 28 7,691 D001
liquids
2900 203 33 DOMX; U160
3111 50,678 116,561 Do008; F001, 2, 3
3120 48,541 36,515,639 D006, 7, 8; F001, 2,3, 6
3120 (PCB) 41,885 181,106 F001, 2,3, 6
3160 54 68 D001
3000 3190 19,779 127,301 DOMX; FOMX; POMX; UOMX
Solid
process 3190 (Hg) 0 31,857 D001,2,3,4,5,6,7,8,9,11
residues
3211 156 25,284 DOMX; F001, 2, 3; MX; UOMX
3230 (Hg) 10,015 55,291 | D001,7,8,9
3240 11,827 1,281 Do001; FO01, 2, 3, 5
3290 7,162 31,288 D001, 18-43; FOO1, 2, 3, 4, 5; POMX,;
UOMX
4000 4200 (Hg) 388 250,103 DO009; U151
Soils
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Table A.1 (continued)

Annual
Waste generation Storage
handling Waste group kg (kg) EPA code
5110 0 0 D008, 9
5130 6,953 112,524 D008
5140 47 140 D006
5190 0 2,455 D007, 8, 9
5000
Debris 5220 0 0 D006, 9
wastes
5290 0 0 DOMX; FOMX; POMX; UOMX
5330 18,614 20,432 D001, 2, 4,6,7, 8,9, 10, 18; F0O01, 6
5420 (PCB) 37,550 94,675 Fo01, 2,3
5490 12,489 19,144 D001, 6, 7, 9; MX; Fo01, 2, 3, 56,7
5490 (PCB) 10,447 10,447 F001, 2, 3
6110 5,123 3,000 D001, 3, 8, 18-43; F0O03; MX; U223, 228;
MX; POMX
6120 2,153 864 D001, 3; MX; U134
6000
Special 6130 618 221 D001, 2,3, 6, &, MX; POMX; UOMX
wastes
6200 11 1 D001, 2,3
6300 1 0 D003
6400 1,097 601 | D001, 2,3, 18; U043, 115
7000 7200 742 2,318 D009; U151
Inherently ,
hazardous 7430 492 451 | D002,3,6,7,8,9
wastes
Total 338,599 37,858,408
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Table A.2. Summary of Y-12 Plant Land Disposal Restricted mixed waste
without identified treatment technologies

Annual
Waste generation Storage
handling Waste group (kg) (kg) EPA code
1100 7,170 3,315 D001, 2,6, 7
1200 3,671 207 D002, 3
Acl]l(x)ggus 1900 6,544 7,570 D001, 6, 7, 8, 9, 18; F002; P050, 051;
liquids U060, 080
1900 (PCB) 0 4,721 D002
1900 (Hg) 500 0 D008, 9
2100 3,510 0 D008, 17, 18, 35; F003
2100 (PCB) 3,100 0 DO03s
2200 10,519 168,582 D001, 18, 35
2000 2300 36,627 0 U226, 236
Organic
liquids 2300 (PCB) 6,550 0 |Fooi, 2
2900 2,010 414 D001, 35; FO01, 2, 3; U236
2900 (PCB) 388 8,681 D004, 6, 7, 8, 35; FOO01, 2, 3
2900 (PCB/Hg) 0 113 D009
3111 1,433 0 D002; F002
3113 1,877 651,462 D018, 35; Fo01, 2
3113 (PCB) 0 10,626 | D001, 18, 35, 39, 40; F001, 2; U226
3113 (Hg) 0 207 D009
3000 3120 562,137 7,672,773 D002, 8; FOOl1, 2, 6
Solid 3120 (Hg) 501 0 |Doos, 9
process 3190 2,756 26,482 D002, 3, FO06
residucs 3190 (PCB) 100 o | Foos
3190 (Hg) 0 1,035 D008, 9; F002
3190 (PCB/Hg) 5,502 3,985 D004, 5, 9; F002
3210 69,974 0 | F006
3212 0 32,164
3240 10,114 0 D018, 35, 43; FO01, 6
3240 (PCB) 100 0 F001
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Table A.2 (continued)

Annnal
Waste generation Storage
handling Waste group (kg) - (kg) EPA code
3000 3290 2,380 18,723 DO01; F002, 3, 6
Solid
process 3290 (PCB) 100 18,400 |DO001, 2, 4, 6, 7, 8, 11, 18, 27; F0OL, 5, 6
id
( c‘:::mtz) 3290 (PCB/Hg) 0 455 | DOoO0S
4100 50 1,036 F001
4100 (PCB) 0 6,892,360 FOO1
4200 4,220 1,277,400 D006, 8; FO06
4200 (Hg) 350 1,386,589 D009
4000 4300 2,500 , 622 | DOOS, 7, 39
Soils
4300 (Hg) 0 622 | D009
4500 (PCB/Hg: Y 1,217 D006, 9
4600 0 5,411 D008; F001
4700 0 6,838 Fo01
5110 0 113 D008
5110 (PCB) 0 705 D018, 35
5130 0 254,411 D008
5140 0 1,781 D004, 6, 8
5190 18 1,976 D004, 6, 8
5190 (PCB/Hg) 0 114 D009
5190 (Hg) 270 207 D009
5210 0 277,886 DO06
5000
Debris 5220 0 1,035 | Do008; U188
wastes 5220 (PCB) 0 114 D018
5220 (Hg) 0 19,368 D009
5220 (PCB/Hg) 0 457 | Do0O
5290 0 1,336 D005, 8
5290 (Hg) 0 10 D009 .
5310 350 1,916 D008, 18
5320 0 4,014 D008; Foo1
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Table A.2 (continued)

Annual
Waste generation Storage
handling Waste group kg) (kg) EPA code
5330 834 13,636 D009
5330 (PCB) 0 10,315 Doo1, 7, 35, 37, 39; F001, 2, 3
5330 (Hg) 0 200 D007, 9; F001
5330 (PCB/Hg) 0 768 D009
5390 0 4,327 DO18; FO01, 2, 6
5000 5390 (PCB) 0 723 | Foo2
Debris 5390 (Hg) 0 300 D009
wastcs
0
(continued) 5390 (PCB/Hg) 0 168 D009
5410 550 8,915 DO007; Fool, 6
5410 (PCB) 70 787 D018, 43; Foo1, 2, 3
5420 2,688 300 D001, 2, 7, 8, 35; F001, 2
5420 (PCB) 1,350 0 | Do3s; Fool, 2
5490 2,250 13,849 F001
5490 (Hg) 0 3,219 D008, 9; F001
6110 0 414 U1s8
6130 0.33 0 D008
6000 6190 145 11,799 | Do11; Foo1; uoMx
Special
w‘fs(:cs 6150 (Hg) 0 100 |Doos, 9
6200 251 0 |Doo3
6200 (PCB) 0 1 D003
7200 16,924 0 D008
7000 7210 0 2,365 D008
Inherently 7410 500 207 |D008
hazardous
wastes 7420 0 1,242 D006
7430 (Hg) 50 621 D002, 9
Total 770,933 18,841,709
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Table A.3. Summary of ORNL Land Disposal Restricted mixed waste
without identified treatment technologies

 Annual ,
Waste generation Storage
handling Waste group (kg) (kg) EPA code
1100 0 3,455 D001-11; F003; U134
1000 1200 0 155 D001, 2, 3
Aqueous 1900 24,464 1,125 | Do01-11
liquids '
1900 (Hg) 0 644 D001, 4,6, 7, 8, 10, 11
2100 0 2,755 |Do001, 2, 3, 9, 21; F002, 3, 5
2190 0 377 D007
2200 0 26 Fo01, 2; D007, 10, 19, 39
2000 2200 (Hg) 0 247 FO01, 2; D001
Organic -
liquid 2300 0 4,927 D001, 2, 3, 6, 10, 11, 18, 19; F002, 3, 5, 27;
quids
U151
2330 : 0 1 F003, 5
2900 3,828 740 F001-5; D001-10, 17-43; U080
2900 (Hg) 0 2,623 D001, 4, 5,6, 7, 8, 10; FO02, 3, 5
3120 : 0 7,132 D004, 5, 6, 7, 8, 10, 11, 18, 21, 27, 29, 40
3120 (Hg) 0 152 D008, 10
3120 (TRU) 110,600 2,612,200 DOMX
3130 0 151 D008, 10
3160 : 0 43 Dool, 2, 3,7, 8, 11
3190 3,828 3,195 D001, 2,3,4,5,6,7, 8,9, 10, 11; FC03
3000 3190 (PCB) : 0 18 D039
Solid 3190 (Hg) 0 1,909 | Doos, 7, 8, 10
process
residues 3210 0 208 | DoO1
3211 0 621 DO006; F003
3212 0 6 |Fo03
3219 0 7 D001
3230 0 414 F001
3230 (Hg) 0 207 | Foo1
3240 0 2,434 D001, 7, 11, 18, 22; F003, 5; U002
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Table A.3 (continued)

Annual
Waste generation Storage
handling Waste group (kg) (kg) EPA code

3000 3290 0 1,001 D001, 3, 39, 43; F001, 3; U022, 80, 165

Solid
process
residues 3290 (Hg) 0 209 D006, 40; F0O1

(continued)

4100 0 4 F002, 3
4200 0 115 D005, 7, 8,9

4000

Soils 4200 (Hg) 0 0.3 | D006
4300 0 320 D004, 5,6, 7, 8, 10
5110 0 210 D00Ss, 7, 9
5130 0 2,694 D004, 5,6, 7, 8,9, 10, 11

5130 (Hg) 0 769 D006, 7, 8

5140 0 459 D006

5000
Debris 5190 0 191,812 D004, 7, 8, 11
wastes 5220 0 7 D005, 7,9

5310 0 38 D005, 7
5330 0 50 D001, 39; FOO3
5350 0 136 D008
5440 0 75 D001; FO02
6110 0 4,042 D001, 2, 18-39; F002-5, 27; P014; UOMX
6110 (Hg) 0 36 D006, 7, 8; U107
. . "

6000 6120 0 24 D001, 2, 11; P014; U004, 12, 134, 154
Special 6130 0 670 | D002; FOO3; PO28, 29, 98, 106; U002, 12, 44, 50, 64, 80,
wastes 154, 165, 197

6140 0 21,888 D001, 2, 8, 9; FOO1, 2, 3, 5; U002, 154, 220,
239
6190 9,685 2 P029, 98, 106; UQ04, 80
6200 0 2 D001, 2,3
7000 7100 0 2,127 D001, 2, 5, 7, 8, 9, 11, 18, 31; U151
Inherently 7300 0 0.2 | D0OL; POLS
hazardous
wastes 7410 0 208 D008
Total 152,405 2,374,470




Table A.4. Summary of ORR Land Disposal Restricted mixed waste without identified treatment technologies
ORNL Y-12 Plant K-25 Site
Annual Annual Annual

Waste generation Storage generation Storage generation Storage
group (kg) (kg) (kg) (kg) (kg) (kg)
1000 24,464 5,379 17,885 15,813 33,071 170,704
2000 3,828 11,696 62,704 177,790 18,706 84,652
3000 114,428 2,131,707 656,974 8,430,312 190,097 37,085,676
4000 0 439 7.120 9,579,215 388 250,103
5000 0 196,250 8,380 622,950 86,100 259,817
6000 9,685 26,664 396 12,314 9,003 4,687
7000 0 2,335 17,474 4,435 1,234 2,769
Total 152,405 2,374,470 770,933 18,848,829 338,599 37,858,408
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Table B.1. Mixed waste feed stream data for MWTF

Current Annua i
X Waste ; Invexfxtory Generaé: on
ggséern zcriptxon Type Location (cu Major Contaminant Form
Wegt Tank Farm Sludge Mixed F7,F8,F9 2 000 16,710 cr, N P Drums
CPCF Meta udge g Mixed KL25 i:‘l ! U, Crf i: g %n Bru
0 Pon (] g xed 9720-60 ' NA* Bu
0l Land Fa SOil ;xecd’ Tent Covers , 8 NA U, Be, f>CB, $o ve e Bu
O geep se S Mixe Tent Covers + 400 RA U, PC Or s Bu
Storm Sewer Mixe SedimenE Mixed sST-5 Y-12 ’ 8 NA (I B~25
E,C estnut Ri gf Waate Pile Mixed ¥-12 58, NA u, Hg, 6 C Bu
Civ cf Center Non~-RCRA X- % 135, NA Hg Bu
ggmo Ltéon gs ] cLont %—12 99 Hg u Bulk/Drums
. - r
Noatorhs 1, LIw ¥-13 3,58 18 730 U B-25/ Bulk
Y-12 WM Sub-Total 564,397 28,866
ER -12 PLAN
Was e roce sed hrouqh Central Plant
E eg}ﬁ tg xed ¥-1 1,300,99 U Organics, Acids
d éanium Vault Mixed Y-i ' Yents
nate 1xe Y- 3 v u, PCB Mineral o g
Sa va e Yar Scrap Metal Stor Mixe ¥-1 S, G, oils, solvént
B ‘o % Tranaforner Mixed Y-12 235,566 U, PCB, Oils, Hg
n itor Storage
ANK U ﬁixed Y- 45, U, Oils, Solvents
ANK xe Y- r Be,
AN}E -U Mixe Y- 14, U, Hg, Met:all_ll hﬁd:gxide brine
BRNK -g Mixe Y-1 p vents
ANK OF 738-22 Mixe Y- . 8, Solve ts
ANK éBLD 9202) Mixe Y- ' ? U, Be, Organ
gnd Mixe Y- 1 ' So vents
2 Eade P Mjxe ¥- U, ﬂ igc. RCRA
d UST 17 -U,2079-0,2 Mixed Y- g NA organ 5 Bulk
tfic Acid Pz.pe Mixed ¥-12 3 g NA U, Organics, Me&al HNO Bu k
ISC. xed Y-12 7 NA Bu
~12 Procesa Waste Sub-Total 2,554,500 Bulk
ield Operations
oL Mixe ¥-12 7,2 4 U
PEsTraah , Mixe ¥:i5 12330138
-12 Field Operations Sub-Total 7,268,667
OAK RIDGE K-25 SITE
CNF g 32 Mixed K-25 25,240 8'543 U, Cr Drum
TSCA Inc eratof M;xeg K-%S ag Drum
TSCA_§ ru ber owdown Mixe K-25 7, 3,672 U, pcB kfetals Drum
Lab/Pa pl $ludge M xeg K-25 1, 29 Solvents Drum
Met 5 avm a With Lead Mixe K-25 204 U, Pb Drum
Laun 11'& Mixed K-25% 1, g 0 i) Drum
Ferna Trga ?ng Waste Mixed K-25 166 U Drum
tgc Mixed So Mixed R-%S %,g%g 37 hi]
Old Quarry Mixed K~-25 ' NA U, metals Bulk
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. Waste

Waste Description Type
K-25 WM Sub-Total
% Rt@ Ko Sseg thr h C tal Plant

a roces u enta n
K- 57x91§o7- aing pond Mixed
K-25/K-1 94 Area Lab raxn M;xed
K- 5/K—i2 Process Ljines Mixed
K-25/K-1413 Process Lines Mixed
K-257/K-1413 Treatment Tank Mixed
K-25/SFO ({Site Faclility Opera Mixed
MiscC. Mixed
K-25 Process Waste Sub-Total
Field Operations
S?? P Mixed
Sluqge Mixed
PCB Equipment Mixed

et Mixed
PPEZTraeh Mixed
MISsC. Mixed
K-25 Field Operations Sub-Total
WM ORNL
Hisc? Operational Metals Mixed
E R @ ORNL

Wag&es processed through Central 9§ggt
WAG 1/RA Early Action (2009-2  Mixed
ORNL Process Wastes Sub-Total
Field Operations

£3589 oF

Sludge M

PPE?gtash M

ORNL Field Operations Sub-Total
? PORSTSMOUTH

Mixed

Cgromlc Ac;d Closu e SIng Mixed
?tal Mlcrgf ltiqtlon S ge Mixed

Filter T Mixed
Floor 5weegln§ Mixed
waste Deco ollds Mixed
Fluorine Gen. { p & Debrxs Mixed
Chromic Acxd 1 éso Mixed
Fluorxne Gen. Mixed
ank RCRA

=
P
k3
0]
Q)

Cleanxng & Neut Tank Sludges

Table B.1 (continued)

Location

NN%?xNN
BORORIBIAININD
LI

XXN?NN

Current
Inve?tory Ge
{cu

51,653

W
RNOHLALR LI
~wsswn~

N oUW
N OOV QRO
OISO

W oy
Q

N
o

(cu ft)

Annual
neratlon .
Major Contaminants

13,842

A U, Solvents, Acjds, Bases

A Solvente, Ac; 8, Bases

a u,bcB, Organic a,Metals
U, tais Organlcs

% u, Classx ied"Wast

A

100 U, metals, solvents

NA u, metals, solventa
Misc. Rad, Hg

n

U, metals
U, metals
U, metals

U, metals

U, metals, solvents
U, metals

U, metals

metals

éo vents

U, solvents

[

~

W
%

ot
WD

E2-3IUIADE =100~

OB OMOUTMOINIL T~

()

Form

Drum

Bulk

Bulk

Drum
Drum

0L



Giste Desgription
?sgk Incxnera&or Ash

Si ver Sold ?
PR s§35?%se‘ SLends
az. Wapte t C?oe ge Waste

39& geﬁ%:a gigefs $ESh RFI
Lea 2¥st?negrxs, filters

t
Bkt gelldn g, sayeoee

‘g—?ggg 3 igre Solids

um Cogt Solids
PPE

&f Tower Cu ;aina
WasvenMe a Tu:
Eg 5 qulg c?eanup

S%xeé waet% g?uganuiix-z 55-2

romi on wastes
ggnage s;ill)

Contaminate Wast geta
Cont minat SOi i

e? ent. Cont, $o 1, (x 744y)

C tt n 8 {BO1

PPE an

Haché e Grlgdxgg Sludge

05938&5966%9

oor Sweegings

PORTS WM Sub-Total

ER PORTSMOUTH

S

agt Storage Faci

37
% égé . Pond & Oil S
X

o33 5588223 Battaih

orator§ Fac:ir
£f A

a$§§ Lgrocessed tth%?h Central

pe
Fetorad

@

2

At
¢ 5¢ ¢
Do0
.00

ZZZZZZIKKZKIIZZZZZZZZZZKZK:”ZZZ
o

Table B.1 (continued)

Current
Locag%?n {cu
PORTS

RTS
PORTS
PORTS

['S

(v

U
o0
ot
w
o
BONOOH HLD

M
{0~ 2028 T LNTI O £~ I~ NS VARSI DN V U1

DUIOLINOD!
(=l

o

[

o oo

Inve¥tory Generation

Major Contaminanis

8 U, metals, folven e
Meta
%7 u, Bolvents
185 U, metals
TED U, metals, Bolvents
11 U, metals, solvents
TBD U, solvents
gBD U, solvents
3 Metals
8 D U, organjics
1 Metals, organics
, thetals
110 , metals
TBD U, solvents
TBD Metals
TBD U, metals
43 U, metals
THBD U, metals
gA U, metals
25 U, solvents
4 U, metals
NA U, metals, solvents
TBD D
NA Mu g e
D U, solvents, met 8
1 etals
U, metals, solvents
TgD U, metals
U, metals
1 , metals
U, solvents
18 . metals
TBD U, metals
TBD u, so vents
1,973 g, vents
425 o, o vents
19,000 g, PCB
TBD U, PCB, solvents
808 ’ PEB
U, PCB, metals
0 U, PCB
22,391

U, Ni, PCB, Met, Orgk Cxanidg

PCB Oxls, ch orite
Tc Crie, P i¥ vents
U Te, Cr+6 PCB Oils, So vents

Form

Drum

IL



Table B.1 (continued)

Current nnual
Waste Desc on w%ste Location Inve Eory Generaﬁgon Cont t F
ocati cu cu r Con n s orm
szlgtAgntéog é Sanitary Sewa g;xgg ggﬁ%g ( 4 ,5 2 ( ) v, 2CB, S%gvex He i $
X
X=- 5503 Holding Pond and Mixed PORTS 35,823 U,0ils,PCB, Cr, Anhydrous F
Se ondarx 1 Mixed PORTS
X- undwater Treatment U Mixed PORTS 10 9
X- Groundwater Treatment U Mixed PORTS ' 8 NA
X-624 Groundwater Treatment U Mixed PORTS 1 ' NA
MISC. Mixed PORTS 72,389 NA
PORTS Process Sub-Total 546,403
d Operations
£igfe or Mixed PORTS 10,794
Debr 8 Mixed PORTS 18
Me Mixed PORTS 44
PPE Trash Mixed PORTS 4,598
PORTS Field Operations Sub-Total 15,593
ckel Strxg r Sludge Mixed PAD 185 26 U, metals Bulk
M ac. Mer Be arln WAetes Mixed PAD U Hg Bu ﬁ
8c. arxng Mixed PAD % 4 u, Lea Bu
M;sc. i mxum Be ring Waste Mixed PAD 4 B Yr
BC. ids with Hea¥y Meta Mixed PAD 13 11 U, meatls
rt k Rad PAD 7,675 2,000 y
PCB Tras {metal, PPE, glfss) Mixed PAD 3,036 6 U, PCB, metals
EB Debris (concrete, s8dils) Mixed PAD 7,937 5,900 u,
Miasc. Metal Wast Mixed PAD 686 14 U, metals
Paducah WM Sub-Total 160,494 8,043
Wasgs grocessed throu h Central Plant
Téchnetium g%ofa Mixed PAD 45 Tc, Cr
8~T ne Mixed PAD 2,25 _
C-32 Hg % Mixed PAD 2, % U, Oils, PCB, Petroleum products
Cc-7460 assx xed Scrap Yard Mixed PAD 294
Ke igg . Mixed PAD
[ B, Neutralizatxon s} Mixed PAD 430 ead, HF, ash
NortR/Sout it Outsi Mixed PAD 10,628 U, Tc, Solvents, PCB, Me a s
gortrlgout vaerelon 61tch, g.xgg ggg 7,4 g, Tc, Solvents, PCB, Meta
eguri L %
,S Eg Effiuent Ditch Mixed PAD 3,824 U, PCB, Hydrocarbons, TCE, Cr+
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Current Annua
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APPENDIX C. SUMMARY OF PREVIOUS TREATABILITY STUDIES

Previous Thermal Desorption Studies on ORR Wastes

Pilot-scale lechnology demonstrations were performed to test the effectiveness of soil
washing and thermal desorption on the removal of mercury and PCBs from Type 1 and
Type 1I soils. The soil-washing process used sodium hypochlorite solutions in the presence of
an ultrasonic vibrator to enhance mercury and PCB removal. The thermal desorption process
heated contaminated soil to temperatures ranging from 200 to 430°C in a heated rotary dryer
through which nitrogen carrier gas was passed. Treatment goals of 12 ppm mercury and 2
ppm PCBs in the treated soil were established.

Using thenmal treatment, mercury levels were reduced to 23 ppm and therefore did not
meet the 12-ppm treatment goal. PCB levels were reduced to <1 ppm in both s0il types using
thermal desorption. Soil washing resulted in ~80% removal of mercury and 70% removal of
PCBs from contaminated soils but did not meet the treatment goals for either contaminant.

Previous Final Waste Forms Studies on ORR Wastes

The area of final forms is the latest addition to the RDDT&E efforts within the DOE
complex as well as on the ORR. Therefore, no studies had been commissioned by MMES
prior to the writing of this plan. In the future, the subject will receive a great deal of scrutiny
and will enjoy much more emphasis.

RADIONUCLIDE REMOVAL AND SOIL WASHING

Many dry or semidry solids as thermal desorption residues or as direct feed will require
radionuclide removal to meet the process treatment objective of <35 pCi/g of uranium source
material per gram of waste so that the disposal option of either a sanitary (if RCRA
constituents are destroyed or delisted) or a RCRA landfill is preserved. In addition, since it is
known that there are other radionuclides in these waste categories, each technology’s removal
capability for these miscellaneous constituent shall be assessed, and performance objectives for
the removal of radionuclides other than uranium shall be established.

Two different sets of drivers are involved when discussing radionuclide removal: waste
management (WM) drivers and environmental restoration (ER) drivers. Those WM streams
that will be processed in the MWTF central facility (as opposed to a transportable unit) will
not be retumed to their origins but will be prepared for ultimate disposal. On the other hand,
ER soils will be returned to the ground since the plan for their treatment is through the use of
transportable units that do not leave the area of contamination. What this means is that the
technologies for the central facility and for the transportable units may or may not be the
same. The technologies utilized in the transportable units must not destroy the beneficial
characteristics of the soil. The central facility does not have such a consideration and in fact
must consider other things such as the effects of the treatment on the final waste form.

Despite the fact that the goals of the central facility and the transportable units are not
exactly the same, they will more than likely rely on the same types of technologies to
accomplish their tasks: selective leaching and selective extraction. Selective leaching is a
process or combination of processes in which specific species of concem are selectively
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removed by chemical means. This is often referred to as soil washing. The selective nature of
the process is achieved by adjusting the aqueous solution conditions and chemistry such that
only the species of interest are made to enter solution as a stable complex in preparation for
removal by various hydrometallurgical unit operations. Solution chemistry is closely
controlled so that other unwanted components do not enter the solution. Selective extraction is
a process or a scries of processes which are used to preconcentrate or t0 completely remove
species of interest from matrix materials such as soils or sludges. The applicability of such
processes is a strong function of the species’ properties such as density, chemical form, and
distribution within the matrix, as well as (in some cases) its magnetic properties.

One overall assumption has been made by the architect-engineer that covers both of
these waste stream types: that is, that any stream destined for radionuclide removal that has
volatiles such as mercury and/or PCBs will be thermally desorbed first. Thermal desorption
prior to radionuclide removal may have a deleterious effect on the leaching process. This
assumption will be tested.

Previous Radionuclide Removal Studies on ORR Wastes

Treatability studies were performed on three of the subject mixed waste streams. These
wastes included sludges, oil-solvent mixtures, and soils. Treatability studies were performed
by multiple vendors for each waste type. Treatment objectives focused on removing either
hazardous or radioactive constituents from the waste to allow for disposal. Treatment
objectives established for each treatability study targeted uranium, beryllium, mercury, and
PCBs for removal. Table C.I summarizes the treatability studies, along with their performance
date, scale, objective, and success.

Sludges

Treatability studies were performed on two basic sludge types for uranium removal.
Type I sludges are primarily metal hydroxides, which contain uranium, oil, grease, and other
organics from the physicochemical treatment of metal-bearing wastewater. Type 1I sludges are
primarily calcium carbonates from the West End Treatment Facility clarification and
biodenitrification process, which contain metal hydroxides (e.g., uranium) with only minimal
quantities of oil, grease, and other organic constituents. Both sludge types contain ~40%
solids. Treatability studies performed on these sludges using acid digestion and carbonate
extraction are discussed in the following sections.

Acid Digestion

Bench-scale and pilot-plant testing was performed using an acid digestion process to
remove uranium from Y-12 Plant sludges contaminated with both uranium and RCRA heavy
metals. Effective segregation of the uranium and heavy metals would allow separate disposal
of the respective hazardous and radioactive components.

The acid digestion process solubilizes uranium through the addition of hydrochloric acid
and sodium hypochlorite at 80°C. Undissolved material is then filtered from the acid brine.
Uranium is selectively removed from the acid brine using ion exchange, while other metals are
precipitated from solution via lime and polymer addition. The process is conducted in batch
mode to accommodate changes in waste stream characteristics.



Table C.1. Summary of completed treatability studies

Treatment
results
Waste form Treatability study Treatment objective (pass/fail) Scale Date
Oil-solvent mixtures | Filtration U—32 pCi/g (89 ppm) P Pilot 03/92
Be—0.5 ppm P
Acid extraction with phase separation | U—32 pCi/g (96 ppm) P Bench 0991
Be—0.5 ppm P
Soil washing with density separation | U—32 pCi/g (96 ppm) P Pilot 0190
Hg—12 ppm F
PCB—2 ppm P
Seoil - ] A
Soil washing Hg—12 ppm F Pilot 12/89
PCB—2 ppm F
Thermal desorption Hg—12 ppm F Pilot 12/89
PCB—2 ppm P
Acid digestion U-—32 pCi/g (96 ppm) F Pilot 03/92
Stud
uege Carbonate extraction U—32 pCi/g (96 ppm) F Pilot 03/92
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The treatment objective of 32 pCi/g (96 ppm) was not reached using this approach,
although the treatment process did reach over 93% of the uranium from the feed sludge. Only
Type 1l sludge was investigated at the pilot-scale level using the process.

Carbonate Extraction

Bench-scale and pilot-scale carbonate extraction treatability tests were performed to
remove uranium from inorganic studges contaminated with both uranium and RCRA heavy
metals. A treatment goal of 32 pCi/g (96 ppm) uranium in the treated sludge was established.

This process included several unit processes conducted in the following order. Feed
sludges were ground to reduce particle size and increase surface area. Leaching was then
performed using carbonate/bicarbonate solutions and potassium permanganate. Scolids and
liquids were separated; then the solids were repulsed, and the leaching process was repeated.
The leaching process was repeated three times before the solids were considered ready for
disposal.

The treatment objective of 32 pCi/g (96 ppm) was not reached, although the treatment
process did remove over 97% of the uranium from the Type I feed sludge and 82% of
uranium from the Type II feed sludge.

Oil-Solvent Mixtures

Oil-solvent mixtures containing enriched uranium and beryllium in excess of the TSCA
incinerator acceptance criteria levels were processed using a filtration technique and an acid-
extraction phase-separation technique. Treatment goals of 32 pCi/g uranium and 0.5 ppm
beryllium in the waste oil were established for both techniques. These processes are discussed
in the following sections.

Filtration

Bench-scale and pilot-scale treatability tests were performed to remove uranium and
beryllium from oil-solvent mixtures using two filtration alternatives. The first alternative
involved the addition of methanol to reduce feed viscosity, followed by rough screening using
a 100-mesh screen, filtration using a 270-mesh screen and a 10-micron cartridge filter, and,
finally, effluent polishing using a 0.2-micron cartridge filter. The second alternative was
conducted in a similar manner, except a plate-frame, fabric pressure filter with diatomaceous
carth was used instead of the 270-mesh screen and cartridge filter.

Alternative 2 produced the best uranium and beryllium removal results. However, the
treatment standard of 32 pCi/g (89 ppm) uranium was achieved for only one waste sample.
The beryllium treatment standard of <0.5 ppm was reached for three of four samples, although
the maximum initial beryllium concentration for any sample was 0.8 ppm.

Acid Extraction with Phase Separation

Bench-scale treatability tests were performed to measure the effectiveness of removing
uranium and beryllium from oil-solvent mixtures using a combination of unit processes,
including acid extraction, solvent extraction, and filtration.

Acid extraction was accomplished by solubilizing and separating the uranium and
beryllium from the oil-solvent mixture using 6 N hydrochloric acid. Soltrol-100 was added to
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the acid mixture to facilitate phase separation. The oil and acid phases were backwashed and
recycled to minimize waste stream volume. Undissolved solids were filtered from the oil and
acid phases using a microfilter. The process was repeated until the desired results were
achieved.

Treated waste oil concentrations contained ~3 ppm uranium and 0.1 ppm beryllium.
These concentrations were well below the established treatment goals of 89 ppm uranium and
0.5 ppm beryllium. However, for each pound of oil treated, 0.56 to 0.66 pounds of waste acid
and waste solids were produced that would require further treatment.

Soils

Treatability studies have been performed on two soil types. Type 1 consisted of storm
sewer sediments contaminated with uranium, mercury, and PCBs. Type 11 consisted of oil
landfarm soil contaminated with uranium and PCBs.

Soil washing with density separation

Pilot-scale technology demonstrations were performed to test the effectiveness of soil
washing and density separation to remove uranium, mercury, and PCBs from Type I and
Type H soils. The soil-washing process tested was an enhanced chemical extraction process
which uses compounds such as sodium hypochlorite, acetic acid, and surfactants in an attrition
scrubbing environment to promote contact between the extractant and soil by creating
significant particle-to- particle interactions. Soils were sieved and contaminants separated
according to their differences in density. Treatment goals of 32 pCi/g (96 ppm) uranium,

12 ppm mercury, and 2 ppm PCBs in the treated soil were established.

Uranium levels were reduced to 32 ppm in Type 1 soils and to 63 ppm in Type II soils,
both below the 96-ppm treatment goal. PCB levels were reduced to below the 2-ppm
treatment goal for both soil types. Mercury content in the mercury sediments was reduced
from 840 ppm to 100 ppm, which did not meet the treatment goal of 12 ppm mercury.






16-27.

30-31.
32.
33.
34.
35.
36-37.
38.
39.
40.
41.
42.
43-45.
46.
47.

77.
78.
79-80.
81.
82.
83.

84-85.

83
ORNL/TM-12715

INTERNAL DISTRIBUTION

T. J. Abraham 48-49. D. K. Little

M. L. Baker 50. J.D.Lore

P. M. Backus 51. C. H. Mattus

J. Bailey 52. T. E. McDowell

M. H. Bartling 53. W.S. McGarvey

C. E. Benson 54. M. B. McGhee

J. B. Bemry 55. L.J Mezga

A. Bleier 56. M. I, Morris

C. F. Boris 57. C. M. Noakes

C. E. Buttram 58. 1. J. Perona

C. M. Cecala 59. A. Rivera

T. B. Conley 60. S. M. Robinson

W. A. Connell 61. T. O. Rogers

A. G. Croff 62. R.J. Sams

T.L. Donaldson 63. D. P. Schacfferkoetter

C. Este 64. J. W. Snider

P. A, Flowers 65. R. D. Spence

C. E. Frye 66. L. H. Stinton

V. P. Gilbert 67. T.N. Temes

T. M. Gilliam 68. H.P. Wayland, Jr.

J. Gilpin 69. D.D. West

A. H. Gorin 70. S.T. Wright

M. D. Griffith 71. Central Research Library

C. W. Hancher 72. Y-12 Technical Library

J. R, Hightower, Jr. Document Reference Center

D. A. Hutchins 73. ORNL Patent Section

R. R. Kimmitt 74-75. ORNL Laboratory Records

R. H. Krabill 76. ORNL Laboratory Records, RC
EXTERNAL DISTRIBUTION

Steve Astoria, Gilbert/Commonwealth Engineers and Consultants, 1055 Commerce Park
Drive, Suite 200, Oak Ridge, TN 37830

R. W. Morrow, Gilbert/Commonwealth Engineers and Consultants, 1055 Commerce
Park Drive, Suite 200, Oak Ridge, TN 37830

Bob Petersen, EET, 129-A Perimeter Park Road, Knoxville, TN 37922

Louie Sferrazza, EET, 129-A Perimeter Park Road, Knoxville, TN 37922

S. Trammell, Gilbert/Commonwealth Engineers and Consultants, 1055 Commerce Park
Drive, Suite 200, Oak Ridge, TN 37830

Office of Assistant Manager, Energy Research and Development, DOE-ORO, P.O. Box
2001, Oak Ridge, TN 37831

Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN 37831






