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The second side chamber contains a skimmer to remove molten salts such as 
chlorides and sulfates from the molten glass surface. This condition is not 
expected with most of the waste feeds planned for the TVS. This chamber 
has separate superstructure heaters and a salts drain to  collect this side 
stream. 

A gas burner, placed in the top of the main chamber, is used to start the 
system from cold conditions. The burner can also be used to maintain offgas 
temperature if necessary. 

Like the waste and additives module, the melter module is provided with 
HEPA ventilation and a clean dress out area. 

Emissions Control Module 

Offgas from the melter is conveyed to the emissions control module through a 
refractory lined pipe with an inside diameter of 200 mm (8 inches). Offgas is 
drawn from all three melter chambers and the entire melter is maintained at 
a pressure of 0.25 to 1.25 kPa (1 to 5 inches water gauge) below atmospheric 
pressure. Flow through the offgas system is maintained by two blowers 
located in this module. The other components of the module, in order of 
occurrence are the: quencher, packed bed cooler, variable throat venturi, 
mist eliminator, reheater, HEPA filter, and stack. 

The quencher cools the offgas and removes some coarse particles. The packed 
bed cooler further cools the gas and removes some moisture from the gas 
stream. Particulate removal is largely due to the variable throat venturi. A 
plunger in this device moves a wedge-shaped airfoil in the throat of the 
venturi. This movement changes the upstream pressure in the melter and, of 
course, the pressure drop in the venturi. The cross section of the venturi and 
the movable airfoil is rectangular. The movement of the airfoil is controlled 
to maintain the static pressure in the melter head space through a pneumatic 
control and air cylinder. Downstream of the venturi is a mist eliminator, 
followed by the first fan. A reheater prevents condensation of moisture prior 
to the high efficiency particulate air (HEPA) filters. A dual train of prefilter 
and HEPA filter is provided. The second fan maintains the HEPA filters 
slightly below atmospheric pressure and injects the cleaned offgas into the 15 
m (50 foot) stack. 

Liquid is recirculated from the sump in the packed bed cooler and mist 
eliminator to the spray nozzles in the quencher and venturi. Caustic addition 
is used to maintain pH control. Continuous blowdown removes particulate 
laden liquid from the system to a storage tank. This waste stream is used to 
slurry fresh waste material in the waste and additives module. Excess 
blowdown is collected by tanker and hauled to a waste water treatment plant. 

The emissions control module was designed and constructed by Andersen 
2000 of Peachtree City, Georgia, under contract to Envitco. It is expected to 
remove in excess of 99.99% of particulates at one micron. Sampling ports are 
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provided at the stack for performing gas and particulate measurements in 
accordance with Environmental Protection Agency (EPA) methods. 

Control and Services Module 

This module contains the control room and electrical power conditioning 
equipment. Virtually all TVS equipment can be controlled from this module 
using a programmable logic controller coupled to a graphical user interface 
running on an IBM compatible 486 computer. The control system also tracks 
key system data and calculates the expected glass composition. 

Electrical power is provided to the TVS by two 800 amp, 480 volt, three phase 
feeds to this module. Transformers and silicon controlled rectifiers provide 
power to the melter electrodes. Distribution panels provide power to the 
other modules. 

Process Control Module 

The final component of the TVS is the process control laboratory module. 
This trailer contains a laboratory equipped to support TVS operations. The 
laboratory has the capability to analyze waste feed and glass product to 
ensure the TVS is operating correctly. The mobile laboratory is capable of 
accepting radioactive materials and performing a wide variety of analyses. 
Equipment includes: x-ray fluorescence system, inductively coupled mass 
spectrometer, scintillation counter, microwave solids and sample preparation 
ovens, etc. The laboratory is fully self-contained with its own ventilation 
system, including HEPA filters. 

TVS SHAKEDOWN 

Prior to using the TVS on radioactive waste it will be tested on a 
nonradioactive surrogate of the actual waste. This will be accomplished at 
Clemson University’s Environmental Systems Engineering Department. 
This location was chosen because of Clemson’s experience with a similar 
Envitco melter at the DOEAndustry Center for Vitrification Research, 
operated by Clemson. The TVS will be fully tested at this time. Any 
equipment or procedure problems will be rectified. Also, operators will be 
trained during the shakedown. Once the shakedown is successfidly 
completed, the TVS will be disassembled and shipped to Oak Ridge’s K-25 
site for demonstration on actual mixed waste. 

FIELD APPLICATION OF THE TVS 

During the design and fabrication activities described above Oak Ridge 
personnel have pursued activities in four areas to support TVS field 
operation: (1) selection of waste stream(s) to be demonstrated, (2) 
preparation of required permit applications, (3) site preparation activities, 
and (4) field support activities. 
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Waste Stream Selection 

Oak Ridge personnel reviewed candidate waste streams from the Y-12 and K- 
25 plants. A primary and backup waste were selected. The primary waste 
stream will be West End Treatment Facility (WETF) sludge. The backup 
waste stream is Central Neutralization Facility (CNF) sludge. Both waste 
streams are described below. Approximately 40,000 kg of waste will be 
required for each waste stream demonstrated. 

The West End Treatment Facility was constructed to treat nitrate-bearing 
aqueous waste generated at the Y-12 weapons plant located in Oak Ridge, 
Tennessee. The facility is a batch processing unit that neutralizes the 
nitrate-bearing wastes prior to biologically denitrifying the waste. Hydrated 
lime is used to neutralize the acidic wastes. The nitrate waste is converted 
anaerobically to  nitrogen and carbon dioxide. Hydrated lime reacts with 
carbon dioxide to  form calcium carbonate, which precipitates as the major 
part of the solids generated from the process. The remaining solids are 
generated from hydroxide precipitation of heavy metals. 

The sludge is classified as a low-level mixed waste. The average uranium 
content is approximately 1400 pg/g. Average heavy metal concentrations are 
barium 540 pg/g, lead 240 pg/g, cadmium 45 pg/g, chromium 410 pg/g and 
silver 25 pg/g The sludge has an averagecalcium content of 257,000 pg/g 
with a pH of 8.9. Approximate alpha, beta, and gamma activities are 900, 
1000, and 250 pCi/g [4]. 

The Central Neutralization Facility is located at the Oak Ridge K-25 Site and 
treats liquid eMuent from the mixed waste incinerator, the K-25 Site steam 
plant, a metal cleaning facility, and various small quantity or infrequent 
streams. The process uses a hydrated lime slurry to neutralize the eMuent 
and precipitate metals. The sludge is classified as a low-level mixed waste. 
The total radionuclide activity averages 1600 pCi/g, with uranium, thorium 
and technetium-99 as the primary radionuclides. Average concentrations of 
the RCRA metals in the sludge are barium 90 pg/g, silver 4 p.g/g, mercury 4 
pg/g, cadmium 3 pg/g, chromium 95 pg/g, and lead 110 pg/g The sludge has 
an average calcium content of 58,000 pg/g with a pH of 7.8. 

Permitting Aspects 

A Research, Development, and Demonstration permit has been prepared and 
submitted to the Tennessee Department of Environment and Conservation 
(TDEC) for the demonstration. This is required because the volume of 
material to be treated exceeds the limits allowed by treatability study 
exemptions. TDEC has a DOE Oversight office located in Oak Ridge. Close 
coordination with the oversight office is expected to expedite review of the 
permit application. 
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Because low-level radioactive waste will be treated, it is necessary to invoke 
the radioactive processing requirements of the National Emission Standards 
for Hazardous Air Pollutants (NESHAP) regulations. The Rad-NESHAP 
evaluation for the vitrification demonstration indicated that the process did 
not require a Rad-NESHAP approval to  construct. However, due to the large 
volume of material and temperatures greater than 100 "C, an EPA approved 
continuous monitoring device is required on the process exhaust (stack). The 
criteria for not needing an approval to construct from EPA is based on the 
source having an actual effective dose equivalent (EDE) of less than 0.1 
mredyear at the site boundary. The criteria for needing to install an EPA 
approved continuous monitoring device is based on having a potential EDE of 
greater than 0.1 mredyear. The potential dose is calculated with no credit 
for air pollution control equipment. The TVS will employ continuous 
sampling of stack emissions. The samples gathered will be analyzed to 
confirm the TVS is operating below the required release levels. 

Site Preparation 

The major factors considered during site selection at the K-25 Site were: 
utility requirements, 
site access, 
site grading (size and slope of the area, amount of preparation work 

proximity to other activities in the plant. 
required for set up), and . 

Several utility requirements were identified for the demonstration. The 
single largest utility requirement was electricity with a requirement of 1600 
amps of three-phase, 60 Hz current at 480 volts. The power requirement 
quickly narrowed the possible sites because significant power line upgrades 
would be required to place the demonstration in the majority of the areas 
available in the plant. 

A significant amount of waste will be transported to and from the 
demonstration site. Therefore, site access needed to be conducive to truck 
and tanker movement into and out of the site. Sites with small staging areas 
and located near busy roads in the plant were eliminated. 

A 1-2 acre site was required t o  facilitate assembly of the vitrification 
equipment, staging of pre- and post-treated wastes, and storage of secondly 
wastes. A level site with an impervious surface was desired to  allow erection 
of the equipment and to contain any spills that could potentially occur during 
the demonstration. In addition, a site located away from other plant 
activities was preferred to minimize potential exposure of plant personnel to 
wastes being treated by the demonstration. 

The site selected for the demonstration is a flat, undisturbed area located in 
the northwest portion of K-25 (away from other activities in the plant). The 
site was selected because sufficient electrical power is available. Site 
preparation will be limited to paving a portion of the site. 
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Field Support 

Besides the electrical requirement, Oak Ridge will also supply process water, 
propane (for the gas heatup burner), nitrogen gas (protective gas purge for 
the electrodes), and compressed air. As mentioned above, Oak Ridge will be 
responsible for supplying the waste, removing and storing the glass product, 
and removing and treating excess offgas blowdown liquid. Personnel will be 
provided to assemble the TVS and move materials to  and from the 
demonstration site. Personnel from Oak Ridge will operate the TVS under 
WSRC supervision. Currently, a five day per week, 24 hour per day schedule 
is planned for operations. 

CONCLUSION 

The transportable vitrification system, described in this paper, is a filly 
integrated system for the preparation and vitrification of mixed waste. It is 
capable of performing vitrification demonstrations or treatment of small to 
medium waste streams. Considerable attention has been given to operation 
with radioactive materials. The authors believe the TVS is the first 
transportable system for mixed waste vitrification to become operational in 
this country. 
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