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STATUS OF VITRIFICATION FOR DOB LOW-LBVEL MIXED
WASTE FORMS

R.F. Schumacher, C.M. Jantzen, and M.J. Plodinec
Westinghouse Savannlh River Co.
Savannah River Technical Center
Aiken, SC 29808

ABSTRACT

Vitrification is being considered by the Department of Energy for
solidification of many low-level mixed waste streams. Some of the
advantages, requirements, and potential problem areas are described.
Recommendations for future efforts are presented.

INTRODUCTION

Much of the information included in this paper was obtained through
working group discussions and the preparation of a Technical Area
Status Report (TASR) I for the committee on Final Waste Forms (FWF)
under the Department of Energy (DOE), Office of Technology
Development (OTD), Mixed Waste Integrated Program (MWIP). The
purpose of the TASR was to summarize the current status of development
of various waste forms and describe the areas which required additional
investigation. The MWIP is attempting to assemble a unified technical
approach for the treatment of many of the DOE low-level mixed waste
(LLMW) streams. The MWIP program will develop technology which
will be shared with the various DOE sites. This paper will summarize the
status of the vitrified waste forms and some recent vitrification
activities within the DOE complex.

The DOE low-level mixed waste has low levels of transuranics and is also
Resource Conservation and Recovery Act (RCRA) hazardous waste as

defined by the Environmental Protection Agency (EPA) 2. Solid waste is
a RCRA hazardous waste if it meets one of two conditions: I ) the waste is

specifically "listed" in 40 CFR Part 261 Subpart D, or 2) the waste exhibits
one of the four "characteristics" identified in 40 CFR Part 261 Subpart C:

ignitability, corrosivity, reactivity, or toxicity.

_



A solid waste exhibits the characteristic of toxicity if it exceeds specific
limits of leaching as measured by the Toxic Characteristic Leaching
Procedure(TCLP) 2. The EPA has promulgated asetofland disposal
restrictions (LDRs) governing the management of mixed wastes.
In May 1990, the EPA issued specific requirements and a schedule for

compliance with these regulations 3,4. Depending on the particular
waste, EPA regulations either prescribe a specific treatment
technology or set permissible concentration levels with the
treatment technology left optional.

The radioactive waste generated from defense activities by the DOE can
be classified as spent fuel, high-level waste (HLW), transuranic waste
(TRU), and low-level waste (LLW). The HLW consists of the residuals
from reclamation and reprocessing of spent fuel and contains the
remaining radionuclides, fuel components and nonradioactive
chemicals used during the reprocessing or the preparation of special
nuclear materials. The TRU waste is material contaminated with
transuranic elements which emit radioactivity at levels greater than
I00 nCi/gm. The low-level waste contains transuranics emitting less
than I00 nCi/gm of radioactivity plus other radioactive contamination.
This paper will concentrate on the low-level waste which contains EPA
hazardous constituents.

The DOE weapons complex has generated and will continue to generate
significant volumes of low-level mixed waste (LLMW). This is occurring
at 30 different sites across the country. The 12 sites with the most
significant processing needs are Fernald, Hanford, K-25 (Oak Ridge),
Idaho National Engineering Laboratory, Lawrence Livermore National
Laboratory, Los Alamos National Laboratory, Oak Ridge National
Laboratory, Paducah Gaseous Diffusion Plant, Portsmouth Gaseous
Diffusion Plant, Rocky Fiats Plant, Savannah River Site, and Y-12 (Oak
Ridge). These 12 sites account for about 98% of the LLMW volumes.
These wastes are generally placed into interim storage and need to be

treated prior to their disposal. The locations, volumes, and
characteristics of these waste streams have previously been tabulated

and presented 5, An inventory of the LLMW within the DOE complex
estimated there were approximately 70,000 cubic meters of material and
this inventory was increasing at the rate of about 7,700 cubic meters
per year. lt should be noted that several very large streams were
omitted from this inventory.

The wastes have been assigned to specific waste characterization
categories and sub-categories. The major categories have been defined
as: Aqueous Liquids Organic Liquids

Inorganic Solids Metal Wastes
Organic Solids Heterogeneous Wastes
Potential Proble m Wastes



The largest category in current interim storage was the inorganic
solids, which included sludges, filter cakes, and residues as the largest
specific sub category.

FINAL WASTE FORM (FWF) COMPARISON

The final waste forms selected for the status review were those which
were most commonly used or which might provide specific advantages
as a solid waste form. The final waste forms which were considered in
the TASR are shown in Table I.

Table I. Final Waste Forms Considered in Status Report

Glass

Hydraulic Cement - Portland Grout
Gypsu m Slag Cement
Polymer-Modified

Sulfur Polymer Cement

Ceramics - Crystalline
Glass-Ceramics
Chemically Bonded

Organic Binders - Thermoplastic
Thermosetting

A large number of desirable characteristics for the waste forms were
considered and those selected for comparison of the final waste forms

are presented in Table 2. The most important characteristic was the
long term durability or leach resistance of the waste form within the
disposal setting. Compositional flexibility, minimal volume increase
and low unit cost were also desirable properties of final waste forms.

Table 2. Pertinent Final Waste Form Characteristics

Compressive Strength Free Liquids
Thermal Stability Chemical Durability
Radiation Stability Gas Generation
Biological Stability RCRA Com pliance
Leach Resistance Compositional Flexibility
Im mersion Stability



RECOMMENDATIONS OF THE FINAL WASTE FORM STATUS REPORT

Based on the information reviewed for the TASR it became apparent
that the glass waste form potentially had the widest applicability to the
various waste streams and is being considered by the MWIP as the
enhanced waste form. Because glass waste forms resulting from
vitrification processes are not expected to be universally effective on
all of the DOE's LLMW streams, other FWF options need to be developed
and available for contingency use. The candidate waste forms should be
evaluated in terms of the characteristics of specific waste streams in
order to develop a basis for selecting the most advantageous form.
A list of specific formulations of surrogate wastes that are
representative of the DOE waste streams should be developed so that
the various waste forms can be compared. In addition, it would be to
DOE's long term advantage to meet the guidelines of both the EPA and
the Nuclear Regulatory Commission in order to facilitate the disposal of
the LLMW. Several of the sites including the Savannah River Site and
Idaho National Engineering Laboratory are presently following these
guidelines.

While there are a number of tests to compare HLW forms, there are no
tests to specifically compare the LLMW forms, lt should be noted that
the glass waste forms produced from LLMW will see much lower storage
temperatures compared to the HLW, and hence lower temperature
evaluation may be more appropriate. The lack of specific tests for
LLMW forms and the lack of information on typical waste streams made
direct comparison of waste forms difficult.

PROPERTIES OF THE GLASS WASTE FORM

Glass as a final waste form for the DOE LLMW offered a number of
advantages. The borosilicate glasses for HLW have been extensively
tested and characterized in many laboratories over the last twenty to
thirty years. Laboratories and universities have studied the properties
of these glasses under various types of repository conditions. Much of
what has been learned, both technically and strategically, should be
applicable to the vitrification of LLMW streams.

Glass properties are primarily dependent on glass composition, and
since silica normally makes up the majority of most waste glass
compositions, the glasses are not dissimilar. In general, the physical
properties of commercial glasses vary within a range of plus or minus
20% of the average. In addition, unlike many other waste forms, the
properties of glass are almost totally independent of the origin of the
raw materials which are used to form the glass composition.



As an example, the presence of a fixed amount of AI203 in soil composed

of clay as compared to an addition of reagent grade alumina would have
the same influence on glass properties when vitrified into the glass
waste form. For these reasons, much of the knowledge available from
commercial glasses and the HLW glass development programs would be

applicable to glass LLMW final waste forms 6.

Since glass is characterized by a random network structure which is
poorly ordered on an atomic basis and permits atomic bonding of many
elements, glasses can accept a wide range of chemical elements and
chemical variability into the glass network. Small amounts of nearly
all the chemical elements are "soluble" in glass. This includes

radiolytically produced gases which are maintained in the open
network. Other advantages of vitrification are inherently provided.
For example, vitrification is normally carried out in excess of I000°C so
there are no free liquids present. Glass is chemically inert and does
not react with many chemicals or biological activity. Other advantages,
such as a high compressive strength and long-term physical
durability at temperatures below the transition temperature are
widely acknowledged.

Leach resistance provides a measure of how well the waste form will
resist chemical solution attack and retain the immobilized radionuclides
and hazardous materials within the structure. While many waste forms
have good initial leach resistance this property can deteriorate with
time. HLW glass waste forms have been thoroughly evaluated under
HLW repository conditions and the durability compared to that of

natural and ancient glasses 7. Because glass leaching is primarily a
surface reaction and the glass can be cast into large monoliths, the size
of the waste form can provide additional release resistance.

While there are numerous and varied vitrification technologies
available which may provide advantages with specific waste streams,
there are also certain limitations or tr_de-offs required for vitrification

processes. These include the need for a high tem_erature off-gas
system, volatilization of a percentage of certain toxic metals, alteration
of the redox equalibria due to the presence of organics and metals, and
operational problems due to the introduction of metals. In addition,
vitrification may require the disposal of relatively large vitrification
systems. Vitrification technologies which are presently being
considered for LLMW streams include traditional joule heated and gas
fired melters along with stirred, induction, electric arc, microwave, and
plasma arc melters.



LLMW VITRIFI£ATION PROGRAMS

Many vitrification programs with LLMW are presently under way or
are being considered. Several of these programs were updated at this
meeting, however a few additional examples are presented:

I. The K-65 residue from the processing of pitchblende ores will be

vitrified at Fernald, Ohio 8. This residue contains radium,
uranium, daughter products and heavy metals, primarily lead.
These materials are also emitting radon gas at a rate far above the
EPA limit. After vitrification to a soda-lead-barium silicate glass
the waste form should pass the EPA leach test, reduce the volume
of the waste to 39% of the original volume, and lower the radon
emanation by a factor of 33,000.

2. In-situ vitrification (ISV) of contaminated soils and buried waste
sites is being explored at both Hanford and Idaho National

Engineering Laboratory 9. Vitrified waste forms tested by TCLP
generally were acceptable.

3. Solidification by vitrification is being examined as a potential
waste form for incinerator ash, incinerator blowdown and nickel

plating waste at Savannah River 10

4. A vitrification test facility was established at the Clemson
University under the Environmental Systems Engineering
Research Laboratory and in conjunction with the DOEI I Various
types of advanced vitrification units are being assembled for
trials at this location.



RECOMMENDATIONS FOR FUTURE VITRIFICATION
INVESTIGATIONS

The following recommenda' _ns have evolved from both the Technical
Area Status Report and re_,:_t developments in vitrification of LLMW:

I. Establish a standard glass for the LLMW program which would
define the minimum glass durability for any glass waste form.
The DWPF "Environmental Assessment" glass has been established
as such a standard by the national high level waste program.
This should be accomplished immediately as new glass
compositions for LLMW are being developed at various locations
across the DOE complex and no bench mark glass exists which
would provide a constant known leach resistance for comparison.
Samples should be tested under site-specific waste storage
conditions. Utilization of glass comparison standards and careful
evaluation under realistic storage conditions should insure the
safe storage of the LLMW.

2. Select the initial tests which should be used for the evaluation of
the leach resistance of the glass waste forms. The Product
Consistency Test (PCT) and TCLP are the tests presently being
discussed.

3. During the evaluation of various melter technologies, the
reliability, availability, and maintainability of the vitrification
systems and the design scale-up or limiting factors for the
technology should be assessed. Special emphasis should be placed
on characterizing the off-gas systems and the levels of recycled
process streams.

4. Perform crucible studies to determine volatility of toxic metals
under varying redox conditions, precipitation of metals, and glass
homogeneity for LLMW streams.
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