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evaporated from the mixture to about 0.5% moisture. The final product is a
homogenous mixture of extruded solids and bitumen.

[« Emulsified Asphalt

Asphalt emulsions are very fine droplets of asphalt dispersed in water that
are stabilized by chemical emulsifying agents. The emulsions are available as
either cationic or anionic emulsions. The emulsifie asphalt process involves
adding emulsified asphalts having the appropriate charge to hydrophilic
liquid or semiliquid wastes at ambient temperature. After mixing, the
emulsion breaks, the water in the waste is released, and the org 1ic phase
forms a continuous matrix of hydrophobic asphalt around the waste solids. In
some cases, additional neutralizing agents, such as lime or gypsum, may be
required. After given sufficient time to set and cure, the resulting solid
asphalt has the waste uniformly distributed throughout it and is impermeable
to water.

[ Modified Sulfur Cement

Modified sulfur cement is a commercially-available thermoplastic material.
It is easily melted (127° to 149° C (260° to 300° F)) and then mixed with the
waste to form a homogenous molten slurry which is discharged to suitable
containers for cooling, storage, and disposal. A variety of common mixing
devices, such as, paddle mixers and pug mills, can be used The relatively
low temperatures used limit emissions of sulfur dioxide ar hydrogen sulfide
to allowable threshold values.

[& Polyethylene Extrusion

The polyethylene extrusion process involves the mixing of polyethylene
binders and dry waste materials using a heated cylinder containing a
mixing/transport screw. The heated, homogenous mixture exits the cylinder
through an output die into a mold, where it cools and solidifies.
Polyethylene’s properties produce a very stable, solidified product. The
process has been tested on nitrate salt wastes at plant-scale, establishing its
viability, and on various other wastes at the bench and pilot scale.

[& Pozzolan/Portland Cement

Pozzolan/Portland cement process consists primarily of silicates from
pozzolanic-based materials like fly ash, kiln dust, pumice, or blast furnace
slag and cement-based materials like Portland cement. These materials
chemically react with water to form a solid cementious matrix which
improves the handling and physical characteristics of the waste. They also
raise the pH of the water which may help precipatate and immobilize some
heavy metal contaminants. Pozzolanic and cement-based binding agents are
typically appropriate for inorganic contaminants. The effer veness of this
binding agent with organic contaminants varies.

(& Radioactive Waste Solidification

[n radioactive waste solidification (Grouting/Other) treatment. solidification
additives are used to form a uniform and stable matrix to encapsulate
radioactive waste materials. Assemblies include pumps for liquids or slurries,
conveyors for sludges or solids, storage silos, weigh feeders, piping, mixers
and disposal or storage.
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[ Sludge Stabilization

The sludge stabilization process is the addition of a reagent, either slags or
cementitious materials, to sludge to transform the material so that the -
hazardous constituents are in their least mobile or toxic form. Sludges which
leach heavy metals or other contaminants are often stabilized to immobilize
the hazardous constituents.

[ Soluble Phosphates

The soluble phosphates process involves the addition of various forms of
phosphate and alkali for control of pH as well as for form: on of complex
metal molecules of low-solubility to immobilize (insolubilize) the metals
over a wide pH range. Unlike most other stabilization processes, soluble
phosphate processes do not convert the waste into a hardened, monolithic
mass. One application of soluble phosphates and lime is in stabilizing fly ash
by immobilizing the lead -~ d cadmium in the ash.

[% Vitrification/Molten Glass

Vitrification, or molten glass, processes are solidification ethods that
employ heat up to 1,200° C to melt and convert waste materials into glass or
other glass and crystalline products. The high temperaturc destroy any
organic constituents with very few byproducts. Materials, such as heavy
metals and radionuclides, are actually incorporated into the glass structure
which is, generally, a relatively strong, durable material that is resistant to
leaching. In addition to solids, the waste materials can be juids, wet or dry
sludges, or combustible materials. Borosilicate and soda-lime are the
principal glass formers and provide the basic matrix of the vitrified product.

Synonyms: DSERTS Code: M13 (Vitrification)
N11 (Solidification/Stabilizatior

. BacktoTop

Applicability: The target contaminant group for ex situ S/S is inorganics, including
radionuclides. Most S/S technologies have limited effectiveness against
organics and pesticides, except vitrification which destroys most organic

contaminants.
Limitations: Factors that may limit the applicability and effectiveness of the process
include:

« Environmental conditions may affect the lo ;-term nmobilization of
contaminants.
o Some processes result in a significant increase in vi 1me (up to double

the original volume).

o Certain wastes are incompatible with different processes. Treatability
studies are generally required.

o Organics are generally not immobilized.

« Long-term effectiveness has not been demonstrated for many
contaminant/process combinations.
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Data Needs: A detailed discussion of these data elements is provided in Subsection 2.7 !
(Data Requirements for Soil, Sediment, and Sludge). Soil parameters that
must be determined include particle size, Atterberg limits, moisture content,
metal concentrations, sulfate content, organic content, density. ermeability,
unconfined compressive strength, leachability, mi structure analysis, and
physical and chemical durability.

E BacktoTop.

Performance Data: The performance of ex situ S/S is dependent on the type of S/S process used.

DOE has demonstrated the Polyethylene Encapsul ion of Radionuclides and
Heavy Metals (PERM) process at the bench scale. The process is a waste
treatment and stabilization technology for high-level mixed waste. Specific
targeted contaminants include radionuclides (e.g., cesium, strontium, and
cobalt), and toxic metals (e.g., chromium, lead, and cadmi n). Scale-up
from bench-scale tests has demonstrated ** - “easibility to process waste at
approximately 2,000 Ib/hr. ™  scale-up bility tests have successfully
demonst ‘=d1" pc° it "toencapsu’ zatleastt wt%rn te T __
polyethylene. Polyethylene waste forms have been demonstrated 1o exceed
Nuclear Regulatory Commission, EPA, and Department of Transportation
waste form criteria. Waste forms containing up to several thousand ppm of
toxic-metal contaminants have passed the EPA's TCLP.

DOE also demonstrated the arc melter vitrification process, which is capable
of melting soil and metals, pyrolizing or oxidizing residual organics, melting
structural metals from melted slag (silica and met: oxides), and partitioning
transuranic (TRU) waste into slag phase. Durability tests with the resultant
slag showed an approximately order of magnitude reduction in leachability
when compared with high-level borosilicate glass.

Back to Top

Cost: Ex situ solidification/stabilization processes are among the most mature
remediation technologies. Representative overall costs from more than a
dozen vendors indicate an approximate cost of under $110 per metric ton
($100 per ton), including excavation.
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