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ABSTRACT

Incineration currently is the best demonstrated available technology for the large inventory of
U.S. Department of Energy (DOE) mixed waste. However, molten salt oxidation MSOQ) is
an alternative thermal treatment technology with the potential to treat a number of these
wastes. Of concern for both technologies is the final waste forms, or residuals, that are
generated by the treatment process. An evaluation of the two technologics focuses on

10 existing DOE waste streams and current hazardous-waste regulations, specifically for the
delisting of “"derived-from" residuals, Major findings include that final disposal options are
more significantly impacted by the type of waste treated and existing regulations than by the
type of treatment technology; typical DOE waste streams are not good candidates for
delisting; and mass balance calculations indicate that MSO and incineration generats similar
quangties (dry) and types of residuals. '

OVERVIEW

The U.S. Department of Energy (DOE) has a large inventory of mixed waste (radioactive and
hazardous components”) that will require treatment prior 1o final disposal. Incineration is
currently the best demonstrated available technology (BDAT) for many of these waste
streams; however, an alternative thermal treatment technology, molten salt oxidation (MSO),

"Mixed waste Is defined as waste having a radioactive waste component regulatad under the Atomic Enargy
Act and a hazardous waste companent regulated under the Resource Canservation and Recovery Adt,
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has significant potential to treat a certain segment of these wastes [1]. The basic MSO
techralogy, shown in Figure 1, is a noncombustion process™ combining chemical
neutralization and thermal treatment for the treatment of organically contaminated mixed
wastes, The molten salt, usually sodium carbonate or a blend of other salts, (1) acts as a
dispersing medium for both the waste being processed and the. air used in the processing;

(2) enhances the oxidation reactons and accelerates the destruction of organic material;

(3) enhances completeness of the chemical reactions by providing better contact over a
relatively long time period and provides a stable heat-transfer medium that resists thermal
surges; (4) neutralizes and retains acid gases and, thus, requires no wet off-gas scrubbing
system; (5) helps retain soot and chars in the melt for more complete reaction; and (6) retains

Feod System (acld gases,

sombusiibls salids, organio quide,

8queous aohtions, o slurriss) . ' Rm Parteulates
R . {NaCl, Na,CO,

Waste (mixed wastes, PCBs, CFCs, Sak Mall Reiting
lants, al

props! munitions, chemic Metaly/Radionuctidas
warfara agenta, graphits, and "
oihot low-ash organics)
Sodium Satte

Sodium v e

Carbonate CO;'C' SO i

or Qthar Salts B9 ,

Alr .-..»

Figure 1. MSO Process

o

**Moltan sak oxidatlon Is not & combustion procese In the conventional sanse. Combustlon usually rafers o
an oxidation process In which fuel and alr are burned at a flame frant. Thae flama front Is located &t the Interface
batween a fuel-rich region and an oxygen, or oxidlzer-rich, region. The flama supports combustion at & flame
velocity that la charactaristic of éach tuel-oxidizer comblination, Continued oxidation usually requires a susiainad
flame. H tha flama is extingulahed, oxidation of tha fual, even Iin tha presance of the oxidizer, will not continua.

Molten salt oxidation ls a combinad thermal and chemical traatmant procass in which the fuskoxidizer
reactions oocur in contact with a liquid salt, Bacause the saht heals the reactants and catalyzes oxidation, tha
procasa does not require a flama to Inhlate or continue the reaction, In the MSO process, the fual and tha oxidizer
(usually air) are not separated but are mixed with liquid salt In a turbulent salt bed, Thus, molten salt treatment
doaes not dapend on a flame 1o continua the oxidation process. Moreover, tha haat of neutralization Is released in
the bed. Tha total heat of reaction is often sufficlant 1o malntain the cperating temperatura of tha malttan salt bed
without the nead tfor auxlilary fusls,
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the ash and other noncombustible material associated with the waste. These characteristics
potentially enable (1) superior organic destruction because of enhanced oxidation effects of
the salt, & longer residence time, and more intimate contact with caustic molten salt;

(2) potential for excellent capture of heavy metals and radionuclides because of wetting,
encapsulation, and chemical reaction with the salt melt; (3) reaction and neutralization of
acidic products such as HCl, HF, SO,, and P,0.; (4) reduced off-gas flow; and (5) solid,
stable, homogeneous residuals, Off-gas treatment systems used with an MSO unit would
consist of dry off-gas unit processes that include a baghouse filter and high-efficiency
particulate air (HEPA) filter.

Wasies that have been identified as the most appropriate for primary weatment by MSO
include high-heating-value organie liquids (e.g., solvents, waste oils), low-heating-value
liquids (e.g., chlorinated organic liquids), low-ash combustible solids, chlorofluorocarbons,
(e.g., Freon, Halon), organic sludges, explosives, propellants, and chemical warfare agents.
These same wastes mixed with radioactive materials also would be appropriate. Particle size
reduction may be required for some of these wastes to reduce feed size to one-eighth inch or
less. Waste such as soils, asbestos, concrete, grout, and decontamination and
decommissioning (D&D) rubble are not pracdcal for MSO treatment because of their high
inert content.

PURPOSE

An important concern for any treatment technology is the amount and disposition of
secondary waste that is generatéd through the treatment process. A recent report, Mixed-
Waste Treatment—WHhat About the Residuals? A Comparative Analysis of Molten Salt
Ozxidation and Incineration prepared by Chem-Nuclear Geotech, Inc., and Martin Marietta
Energy Systems, examines the issues concerning the final waste forms, or residuals, that
result from the treatment of mixed waste in MSQ systems and incineration units. Final waste
form is an important issue for the ultimate implementation of MSO because there has been
concern that the MSO residuals present unique disposal difficulties, Development of mass
balances and analyses of regulatory and final disposal issues, particularly the feasibility of
delisting, address this concern, :

Residual waste comparisons are made between MSO and incineration because DOE plans to
use incineration to treat many of its mixed wastes and because sufficient information about
incineraton is available in the literature to perform mass balance calculatdons. The intent of
this comparative analysis is nof to rate one technology as better than another. Rating requires
far more information on a large number of technical and nontechnical factors and is
inherently site and waste specific. Instead, this analysis attempts to provide a comparison of
the two technologies and describe the strengths and weaknesses of each from a technical
(e.g., mass balance) and nontechnical (e.g., regulatory) perspective. Other technologies also
may be appropriate for mixed-waste treatment but are not evaluated because process details
are not sufficient to perform mass balance calculations comparable to those provided for MSO
and incineration. However, from a nontechnical, regulatory perspective, it is anticipated that
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final waste form:.: resulting from all mixed-waste treatment technologies will face the same
types of regulatory and disposal constraints.

This analysis focuses on treatment of mixed-waste becanse it presents the most significant
obstacles in terms of final waste disposal for DOB. Issues concerning the treatment of
organic hazardous waste (with no radioactive contamination), which is an important and
appropriate waste stream for MSO and incineration treatment, are a subset of mixed-waste
treamment and, therefore, are addressed to a lesser degree,

To ensure that the conclusions drawn are valid, the report [2] was reviewed by experts in the
thermal treatment field and by individuals responsible for existing or proposed incineration
facilitdes at DOE sites.

APPROACH

Several critical areas such as regulatory issues, inventories, and mass balance calculations
were examined to determine their impact on residual production and disposal.

Regulatory Issues Regarding Acceptability of Final Waste Forms—The Resource
Congervation and Recovery Act (RCRA) has the most significant impact on the acceptability
of final waste forms. Wastes can be decrned hazardous under RCRA if they are either
characteristic or listed. Characteristic waste can be considered nonhazardous under RCRA if
the characteristic (ignitability, corrosivity, reactivity, or toxicity) is removed. In the case of a
listed waste, residuals under the "derived-from" rule are sdll considered a hazardous waste
even after treatment and must be disposed of in 8 RCRA-permitted hazardous waste disposal
unit. A delisting procedure is available to allow a listed hazardous waste to be designated
nonhazardous. However, delisting of waste treatment residuals is difficult because it normally
requires very explicit knowledge of processes by which waste streams are generated and
subsequenty treated or it requires that the composition of a waste stmeam undergoing
treatment be well known,

Typically, DOE wastes will not be good candidates for delisting (DORE has never delisted a
mixed waste). The regulations governing management of treatment residuals are more
dependent on the waste feed rather than the type of treatment technology used. Consequently,

* nearly all listed wastes, mixtures of listed wastes, and residuals derived from listed wastes
require management as hazardous wastes. This is the case regardless of how the wastes are
treated and what treatment levels are achieved, Therefore, from a regulatory perspective, all
treatment technologies, including the BDAT for a given listed waste, will result in treatment
residuals that are still deemed hazardous. For example, a tetrachloroethylene solvent waste
used in degreasing (an F-listed waste) that was treated either by incineration or MSO would
yield NaC] as the only residual waste, yet this benign residual would be considered a listed
hazardous waste under the "derived-from" rule. Figure 2 provides an overview of how the
residuals from both incineration (BDAT for organic-contaminated mixed wastes) and MSO
would be considered under current RCRA regulations.
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Mixed-Waste Regulations/Policies—Aside from RCRA, the law having the greatest impact
on DOE mixed waste is the Federal Facility Compliance Act (FFCA). The FFCA requires
that DOR have approved (by the States and/or U.S. Environmental Protection Agency [EPA)
that have jurisdiction over DOE sites) site-specific plans for developing treatment capacities
and technologies to treat all mixed wasres to the land disposal restriction (LDR) treatment
standards by October 1995. The outcome of the FFCA is to force site personnel to address
the mixed-waste issue aggressively and to search for mixed-waste treatment and disposal
capacity.

DOE Office of Waste Management (EM~30) Waste Inventories-—To determine the number
of DOE waste streams that EM-30 has responsibility for and which may be appropriate for
treatment by MSO and/or incineration, the entire Waste Management Information System—
Wasse Profile Report (3] was reviewed using "best professional judgment.” Although this
type of review yields results of limited accuracy (matching treatment technologies to waste
streams can only be done on a case-by-case basis after consultation with site personnel), it
does provide a general indication of the number of potentially applicable waste streama.

MSO may be able to treat approximately 880 DOE EM-30 waste streams; incineration has
potential application to a slightly larger number of streams (920) because of its ability to
handle s0il and other inert material,

DOE Office of Environmental Restoration (EM~40) Waste Inventories—A review of the
Technology Needs Crosswalk 1993 data base [4] indicated that 198 EM—40 problem units
have organic contaminants, Of this amount, 119 problem units or 60 percent are potential
candidates for treatment by MSO or incineration. These wastes are typically soil, water, or
other media that would first undergo pretreatment (e.g., thermal desorption, solvent extraction,
and vapor vacuum extraction onto acdvated charcoal) to treat the contaminant of concem.
Those problem units that would not be appropriate candidates for treatment by MSO are
predominantly groundwater problems with very low congentrations of organics, For these
problem units, technologies such as hydrogen peroxide/ozone/ultraviolet treatment are more
appropriate.

Mass Balance Calculations—Mass balance calculations were completed for 10 specific DOE
waste streams that are potential treatment candidates for five existing.or planned DOE
incinerators and an MSO treatment system, The waste streams were matched with
incinerators that would most likely treat the waste (e.g., waste at the Oak Ridge site was
assumed to be treated by the Oak Ridge incinerator). The five incinerators considered are the
Oak Ridge Reservation rotary-kiln incinerator (OR TSCA), Savannah River Site rotary-kiln
incinerator (SR CIF), Los Alamos National Laboratory controlled-air incinerator (LANL
CAI), Idaho National Engineering Laboreatory controlled-air combustor ANEL WERF), and
Rocky Flats Plant fluidized-bed combustion unit (RF FBU/PROD). The characteristics of the
individual incinerators are described in Table 1.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, mukes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or uscfulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights, Refer-
ence herein to any specific commercial product, process, or service hy trade nume, trademark,
manufucturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof,
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Table 1, Site-Specific Thermal Treatment Units (references S-14)

‘Estimated values based on othar waste streams,

*Assumed valuas basad on OR TECA oxparonce.
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Ten specific wastes were identified that are typical to DOE sites. They include large-volume
wastes, easily treated wastes, halogenated wastes, and/or difficult-to-treat wastes,

Waste 1: This waste at Rocky Flats consists of approximately 29,000 gallons of low-level
waste (LLW) oil with a low percentage of halogenated solvents (1,1,1-trichloroethane, carbon
tetrachloride, toluene, ethylbenzene), This waste containg low levels of uranium, plutonium,
lead, beryllium, and zinc and could be treated by the RF FBU/PROD facility,

Waste 2: Twenty-one 55-gallon drums of waste oil at INEL contain approximately 6-percent
solvents in the form of trichloroethylene (TCR). Radioactive constituents include cesium-137,
americlum-241/plutonium-238, cobalt-60, and srontium-90. Heavy metals include lead, -
mercury, silver, and chromium, each being under 15 parts per million (ppm), The WERF
incinerator is assumed to be modified with acid-gas strubbing equipment to handle this waste.

Waste 3: This is a waste srream that {8 expected to be generated in the future.
Approximately 50,000 gallons per year of benzene is expected to be generated from the
Defense Waste Processing Facility (DWPF) at the Savannah River Site, No radioactive or
other contaminanst values are known for this future waste. Ash content is assumed to be zero,
This waste was selected to represent an essentially pure-product, nonhalogenated organie.
Current plans for treating this waste will be at the future SRS CIF,

Waste 4: This waste is composed of LLW scintillation fluids that are common throughout
DOE. Although these wastes are from the Lawrence Berkeley Laboratory (LBL), LANL CAI
was identfied for treatment because the sample analysis was more complete than similar
wastes at LANL. The witium component of this waste would require a condensation loop

for both the incinerator or MSO treatment systems if concentrations exceed air emission
discharge standards.

Waste §: Waste § comprises graphite molds and crucibles stored at the Idaho National
Engineering Laboratory. This is centified ransuranic (TRU) graphite waste. The planned
action for this waste is thermal treatment.

Waste 6: This is a waste lubricating and hydraulic oil that is stored at the Betds Atomic
Power Laboratory in Pennsylvania. The radioactive category for this waste oil is LLW.,
There is the possibility that this wasts will be shipped from Pennsylvania to Oak Ridge for
reatment at thé OR TSCA facility,

Wastes 7, 8, 9, and 10: All four of these wastes are located at the Oak Ridge facility, and all
are assumed to be treated at the OR TSCA facility, Waste 7 is perfluorodimethyl-
cyclohexane (GF ), and Waste 8 is trichloroheptafluorobutane (C,Cl,F,). Wasts 9 is wasts
oil mixed with low-level radioactive components and hazardous constituents such as thorium
and beryllium, Waste 10 is two-thirds waste oil and one-fifth tetrachloroethane contaminated
with berylllum and uranium and includes Freon and 1,1,1-trichlorocthane,
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Results of the mass balance calculations (presented in Tables 2 and 3 and in Figures 3, 4,
and §) indicate that (1) similar mass quantities (dry) of residuals are produced by MSO and
incineration, and (2) the residuals comprise nearly identcal constituents (mostly ash and
salts), Overall, ancillary systems for incineraton (e.g., acid-gas treatment systems) have a
greater impact on the quantities of residuals produced than the primary treatment unit,

Waste Form Treatment—In some cases, the residuals produced from MSO and/or
incineration may require further treatment to immobilize contaminants or improve handling
characterisdcs, The meatment options evaluated were glass, hydraulic cement, sulfur polymer
cement, ceramics, and organic binders [15), The way that a residual is treated, either from
MSO or incineration, will depend on the original waste feed. Nevertheless, some generic
conclusions can be developed from the appropriate waste-form treatment options. Figure 6
presents an overview of the appropriateness of treatment options for residuals generated by
MSO or incineration, This figure also shows that some waste forms are common to both
MSO and incineration (waste salt and particulates from MSO and dry ash, which has a high
salt content, from the Incinerator acid-collection system)., Although numerous treatment
options are available, most have not been adequately tested to determine if they are
appropriate for any of the residual wastes, even on & generic basis, Because of the variability
in the residuals resulting from different waste feeds, it is clear that treatability studies will be
needed to match waste forms to treatment options,
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Residual Solids and Water (kg)

of Waste by MSO and Site-Specific Thermal Treatment Units

Figure 4.
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Figure 5. Residual Solids and Water From Treatment of 1.0 kg of Halogenated
Wastes by MSO and Site-Specific Thermal Treatment Units

FINDINGS

The major findings of the report are

+  Final disposal options are more significantly impacted by the type of waste treated and
the existing regulations than by the type of teatment technology.

+  Mixed waste with a characteristi¢ hazardous component can be reclassified as radioactive
waste if the waste can be treated to remove the characteristic. However, a mixed waste
with a listed hazardous component will remain a mixed waste, regardless of the trearment
u:c;hnology used or treatment levels achieved, unless the residuals can be successfully
delisted. -

«  Typical DOE waste streams are not good candidates for delisting because they were
generated through diverse processes and commonly contain a varying mixture of
contaminants. In addition, limited records are available describing the wastes.

» The FFCA will force DOE to aggressively develop additional mixed-waste treatment
capacity using treatment technologies such as MSO,

13
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MSO may potentially be able to treat most of the EM-30 waste streams (95 percent)
that are candidates for treatment by incineration. Sixty percent of the EM-40 problem
units with organic contaminants are potential candidates for treatment by either MSO or
incineration as a component of the treatment train,

Mags balance results indicate that MSO and incineration generate similar quantities (dry)
and types of residuals: ash, NaF and/or NaCl, excess caustic, and waste gases.
However, the wet off-gas systems employed by incinerators to treat acidic gases also
result in excess water in the blowdown residuals (resulting in a slurry waste form),

If secondary waste treatment is considered an obstacle for MSO, it also exists for every
type of thermal treatment technology, including incineration.
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