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ABSTRACT

This report describes the process modeling done in support of the
integrated thermal treatment system (ITTS) study, Phases 1 and 2. ITTS consists
of an integrated systems engineering approach for uniform comparison of widely
varying thermal treatment technologies proposed for treatment of the contact-
handled mixed low-level wastes (MLLW) currently stored in the U. S.
Department of Energy complex. In the overall study, 19 systems were evaluated.
Preconceptual designs were developed that included all of the various subsystems
necessary for a complete installation, from waste receiving through to primary
and secondary stabilization and disposal of the processed wastes. Each system
included the necessary auxiliary treatment subsystems so that all of the waste
categories in the complex were fully processed. The objective of the modeling
task was to perform mass and energy balances of the major material components
in each system. Modeling of trace materials, such as pollutants and radioactive
isotopes, were beyond the present scope. The modeling of the main and
secondary thermal treatment, air pollution control, and metal melting subsystems
was done using the ASPEN PLUS process simulation code, Version 9.1-3.

These results were combined with calculations for the remainder of the
subsystems to achieve the final results, which included offgas volumes, and mass
and volume waste reduction ratios.
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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, make any warranty, express or implied, or assumes any legal Liabili-
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa-
ratus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessar-
ily state or reflect those of the United States Government or any agency thereof.
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SUMMARY

This report describes the process modeling done in support of the integrated thermal treatment
system (ITTS) study, Phases 1 and 2. ITTS consists of an integrated systems engineering approach for
uniform comparison of widely varying thermal treatment technologies proposed for the treatment of
contact-handled mixed low-level waste (MLLW) currently stored in the U. S. Department of Energy
complex. In the overall study, 19 systems were evaluated. Preconceptual designs were developed that
included all of the various subsystems necessary for a complete installation, from waste receiving through
to primary and secondary stabilization and disposal of the processed wastes. Each system included the
necessary auxiliary treatment subsystems so that all of the waste categories in the complex were fully
processed. The main thermal treatment options considered were rotary kiln incinerators, pyrolysis,
plasma furnace, fixed-hearth thermal desorption, molten salt oxidation, molten metal waste destruction,
steam gasification, Joule-heated vitrification, mediated electrochemical oxidation, and supercritical water
oxidation.

The study required knowledge of these mass and energy flows in order to compare the advantages
and disadvantages of the systems. The amounts and types of end products, and to a lesser effect the
energy used, determine the cost of each system. The objective of the process modeling task was to
perform mass and energy balances of the major material components in each system. Modeling of trace
materials, such as pollutants and radioactive isotopes, and minor amounts of energy consumption, were
beyond the present scope and were generally not tracked.

For Phase 2 of the study, the modeling of the main and secondary thermal treatment, main air
pollution control, and metal melting subsystems was done using the ASPEN PLUS process simulation
code, Version 9.1-3. This code performs steady-state solutions of engineering processes. Each model
consisted of some 8 to 20 unit operations. Some steps in the processes could be modeled very simply
since only major material components were being tracked. Feed rates were obtained from knowledge of
the elemental composition of the waste, combined with the projected operating life of the facilities. The
code was able to predict the products from each step in the process while simultaneously converging on
the correct amount of fuel, oxidant, cooling water, and other parameters to meet the desired operating
conditions.

The code results presented consist of the required amounts of process inputs (such as fuel,
oxidant, and cooling water); energy inputs and outputs for each of the unit operations; the amounts and
compositions of the intermediate streams and final products (such as offgas and processed wastes); and
the mass and volume waste reduction ratios for each of the systems. These results were combined with
updated Phase 1 calculations for the remainder of the subsystems to arrive at the overall system mass
balances. The remaining subsystems included metal decontamination, lead recovery, mercury
amalgamation, aqueous waste treatment, and special wastes.

The complete ITTS comparison process consisted of many other considerations besides the mass
and energy balance results, including operational requirements, conceptual design layouts, planning life-
cycle cost estimates, and identification of technologies requiring development, which are reported
elsewhere.
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Process Modeling
for the
Integrated Thermal Treatment System (ITTS) Study

1. INTRODUCTION

The U.S. Department of Energy's (DOE's) Environmental Management Office of Technology

- Development has commissioned an integrated thermal treatment system (ITTS) study to assess alternative
systems for treating contact-handled mixed low-level radioactive waste (MLLW) and alpha-MLLW (10 <
nCi/g of TRU < 100). The MLLW in the DOE complex consists of organic and inorganic solids and
liquids comprising a wide variety of materials contaminated with radioactive substances. Treatment is
needed that will destroy the organic material. Other operations are needed to stabilize the treatment
residues, inorganic materials, and radionuclides prior to disposal in a MLLW disposal facility.
Regulations promulgated by both DOE and the U.S. Environmental Protection Agency (EPA) govern the
storage, treatment, and disposal of these wastes.

The purpose of the ITTS study is to conduct a systematic engineering evaluation of a variety of
MLLW treatment system alternatives. Preconceptual designs, consisting of process flow diagrams
(PFDs), facility layouts, equipment lists, and material mass balances, have been developed, and the
relative merits and life-cycle costs for each treatment alternative identified. The study also identified the
research and development, demonstrations, and testing and evaluation needed to assure performance of
the unit operations in the most promising alternative systems.

Thermal treatment” is the most effective technique for destruction of toxic organic materials.
Incineration,® a form of thermal treatment, has been designated by the EPA as the best demonstrated
available technology (BDAT) for destroying a number of these organic waste constituents.

Phase 1 of the ITTS study focused on establishing a baseline understanding of well-developed
thermal treatment technologies, namely a conventional rotary kiln incinerator with six variations, a fixed-
hearth controlled-air incinerator, an indirectly-heated pyrolyzer, a thermal desorber for inorganic residue
with a rotary kiln for the combustible waste fraction, and a plasma hearth melter system. The variations
were used to examine the effects of combustion gas, air pollution control system design, and stabilization
technology for the treatment residues on system performance and costs. Phase 2 addressed more
innovative technologies such as one-step processing, gasification, low-temperature oxidation, molten sait
oxidation, supercritical water oxidation, and molten metal destruction of wastes.

The systems evaluated were required to treat all waste stored in the DOE complex. This
requirement established the need for several treatment lines within each system to accommodate the range

b. As defined by EPA in 40 CFR 260.10, p. 10, "Thermal treatment means the treatment of hazardous waste
in a device which uses elevated temperature as ‘the primary means to change the chemical, physical, or
biological character or composition of the hazardous waste. Examples of thermal treatment processes are
incineration, molten salt, pyrolysis, calcination, wet air oxidation, and microwave discharge.”

¢. As defined by EPA in 40 CFR 260.10, p. 10, "Incinerator means any enclosed device that (1) uses
controlled flame combustion and neither meets the criteria for classification as a boiler, sludge dryer, or carbon
regeneration unit, nor is listed as an industrial furnace, or (2) meets the definition of an infrared incinerator or
plasma arc incinerator.”




of MLLW encountered. Section 3 provides information on the specific composition of the wastes in the
complex, and as used in the study and for modeling.

Portions of this report summarize material discussed in detail in the ITTS Phase 1 and Phase 2
reports™?. Due to the large amount of information involved in describing the 19 systems involved in this
study that descriptive material has not been reproduced here in its entirety. However, this report does
contain a full description of the process modeling task. For that portion of the work done using the
process simulation code, complete input files are included in the appendices to reproduce the numerical
results presented.

2. TECHNICAL APPROACH

A key to accurate evaluation of the thermal treatment systems is using an integrated systems
engineering approach that provides a uniform basis for comparing the merits of widely varying treatment
alternatives. The systems considered in the study consist of all facilities, equipment, and methods needed
for treating and disposing of the MLLW currently stored in the DOE complex. Steps within the treatment
process include waste receiving, characterization, sizing, main thermal treatment, secondary treatments,
air pollution control, primary and secondary stabilization of the waste residue, and eventual disposal.

This approach more accurately evaluates systems such as plasma melters or electric arc furnaces that have
a higher initial cost but produce less residue for disposal.

The focus of the ITTS study is on innovative and cost-effective treatment systems that minimize
the short- and long-term adverse impacts on the worker and public environment, health, and safety. Two
examples are the use of contaminated soil, when available, for vitrification of process residues and the use
of CO, absorbent materials for absorption (or delayed release) of process offgas discharged to the
atmosphere.

For Phase 1, various combinations of the incinerator subsystem, the air pollution control
subsystem, and the waste stabilization subsystem were considered. Incinerator subsystems considered
were rotary kiln, plasma arc furnace, fixed-hearth furnace, and fluidized bed incinerator. Air pollution
control subsystem designs included both wet and dry technologies. Waste stabilization subsystem options
included concrete, polymer, and glass- or vitrified soil-based final waste forms. A panel of engineers
with diverse experience and technical backgrounds in incineration and stabilization was convened to
reduce the number of possible choices to a number which could be evaluated in detail within the time and
resources available. Ten systems were selected for the Phase 1 effort. A similar selection process was
used for the more innovative technologies of Phase 2. The system types for both phases and the
designations of them used in this study are listed in Table 2-1.

Since the public is often concerned with stack emissions, specific attention was focused on
alternative air pollution control unit designs. The intent was to specify a configuration that would provide
better emission performance (by an order of magnitude) than required to meet current EPA standards.
Where research, development, demonstration, testing, and evaluation activities were expected to be
necessary to verify component performance for this application, those costs were included.

A second major concern of the public is disposal of hazardous solid residues, especially when
radioactive. Thermal treatment alone will not render the wastes nonhazardous; the residues will contain
hazardous materials as defined by the Resource Conservation and Recovery Act (RCRA), as well as
radionuclides. Under EPA regulations, residues might have to be stabilized before disposal if
leachability standards are not met. To ensure RCRA compliance and to provide long-term isolation of
residues, the baseline process chosen for primary residue stabilization was molten glass or soil-based
stabilization, referred to as vitrification. If done correctly, vitrification provides the greatest protection

2




Table 2-1. Systems Included in the Integrated Thermal Treatment System Study.

Designation
System Description Phase ]  Phase 2
Rotary kiln with air for combustion and dry/wet APC — baseline system A-1
Rotary kiln with oxygen for combustion and dry/wet APC A2
Rotary kiln with air for combustion and wet APC : A-3
Rotary kiln with oxygen for combustion and CO, retention A4
Rotary kiln with air for combustion and polymer stabilization | A-5
Rotary kiln with air for combustion and maximum recycling A-6
Slagging rotary kiln ‘ A-7
Indirectly-heated pyrolyzer with oxygen and dry/wet APC B-1
Plasma hearth furnace with air and dry/wet APC C-1
Plasma furnace, CO, retention , C-2
Plasma gasification ' ‘ ' C-3
Fixed-hearth furnace with oxygen and CO2 retention D-1
Debris desorption and grouting with rotary kiln for oxidation of combustibles _ E-1
Molten salt oxidation h F-1
Molten metal waste destruction G-1
Steam gasification ] : ' H-1
Joule-heated vitrification ~ _ J-1
Thermal desorption and mediated electrochemical ox1dat10n K-1
Thermal desorption and supercrmcal water oxidation L-1

against future environmental releases following disposal and also provides a margin against more
stringent future release standards. Vitrification binds the hazardous inorganic residues (glass or metal
oxides) and the radioactive contaminants (also metal oxides) into a solid solution of rock-like material.
DOE is currently supporting considerable research in the field of waste vitrification to improve the
process engineering and understand the physical, chemical, and thermal treatment requirements to assure
high performance. Itis also expected that vitrification of res1dues may result in disposal cost savings and
reduced public apprehension.

Variations in the stabilization process included polymers and cement. Some waste residues, such
as salts resulting from the neutralization of acidic combustion gases and volatile incinerator fly ash, were
stabilized in a second process using a polymer because they vaporize at vitrification temperatures, which
can approach 3000 °F. Mercury is another material that cannot be vitrified because of its volatility. In
this study, amalgamation was used for mercury since it is listed by the EPA as the BDAT.

As part of the design process, functional and operational requirements, flow sheets and mass
balances, and conceptual equipment layouts were developed for each system. Mass balances were
performed to account for all materials treated or used in the processes. All secondary residues were
processed in accordance with regulatory requirements and the final volumes for disposal were estimated.
Transportation and disposal cost estimates were applied to the disposal volume of each system as part of
the planning level life-cycle cost (PLCC) estimate. Simplified system energy balances were conducted to




determine the requirements and thereby assure that no system was excessively energy intensive. Costs
have been estimated assuming the system is government owned and contractor operated (GOCO).

Initial mass and energy balances were done for Phase 1 by simpler, less rigorous methods. For
Phase 2, it was decided to model the systems with the ASPEN PLUS process simulation code®. Besides
the of this code (and other similar codes) in having wide industrial acceptance, it provides numerous
capabilities not only for the present task (macro-scale mass and energy balances), but also for addressing
the inevitable 'what if' scenarios and other possible expanded analyses. These capabilities include (but are
not limited to) a large material database, no restrictions on system configuration (multiple feedback
loops), availability of all types of unit operation models, simultaneous convergence on the user's design
specifications, sensitivity studies, cost predictions, plotting, and report generation. Switching to ASPEN
PLUS required that the Phase 1 results be recalculated, but, as discussed in the following section, Phase 2
used an expanded waste database compared to Phase 1, which alone would have required a re-calculation
of the Phase 1 results in order to compare all systems on an equal basis.

3. INPUT WASTE CHARACTERISTICS

Information on the composition of the entire contact-handled MLLW in the DOE complex was
collected and summarized as part of the ITTS effort®. Certain waste streams, such as the Hanford tank
waste and the Rocky Flats Plant solar pond liquids, were excluded from the ITTS database because these
waste streams are being addressed using other processes that are more suitable than thermal treatment.

Initially, for the Phase 1 effort, a subset of the applicable DOE waste inventory was used. This
consisted of the inventories at the ten largest sites, and amounted to about half of the total. For Phase 2
the database was expanded to that for the 20 largest sites, essentially 100% of the applicable waste, in
order to better represent the likely (overall average) waste stream. While the smaller database in Phase 1
included all types of waste in the DOE complex, the relative proportions were not fully representative of
that in the total inventory. Because the database was changed, even without a change in the method for
calculating the mass and energy balances, it would have been necessary to recalculate the Phase 1 results
in order to present a consistent comparison between all systems. Only the Phase 2 input waste
characteristics (quantities, composition, and proposed ITTS feed rates) are discussed here. The following
procedure applied to both phases, however.

First, the waste was characterized into 56 physical categories, such as, concrete, inorganic
labpacks, paper, etc. The composition of each category was then defined in terms of 23 ‘elements’. The
‘elements' consisted of chemical elements, chemical compounds (NO, SO,, and water), general chemical
categories (glass forming inerts and bulk metal), and the radioisotope U-238. The matrix of physical
categories and 'elements' are shown in Table 3-1 (A through C), as derived from Reference (4).

Next, the physical categories were condensed into nine groups based on the waste treatment
process (subsystem) to which the material would be sent.? For Phase 1, the treatment processes were
designated A1, A2, and B through H as also shown in Table 3-1. Table 3-2 relates the treatment
processes to the condensed physical categories. Later, for two of the Phase 2 systems, K-1 and L-1,
treatment process Al (combustible waste) was subdivided to separate the 'organic liquids' from the
remainder, which is also shown in Table 3-2. The main thermal treatment process for each of the 19
systems was defined as that which processed the major organic portion of the combustible and
noncombustible wastes.

Finally, these quantities of waste were converted to design feed rates for each process.? Design
feed rates (nominal capacities) were based on a 20-year operations life, and adjusted for assumed plant
availability, number of shifts per day, amount of secondary waste, and smallest available equipment.




Table 3-2 shows those feed rates used for the processes modeled with ASPEN PLUS, and for the other
subsystem calculations as well.

For the ASPEN PLUS modeling, it was necessary to assign specific chemical compositions to the
two general chemical categories, glass forming inerts and bulk metal, in order to take advantage of the
material property data available in the code. However, precise definitions of the compositions were not
necessary (and, in fact, were not known) since it was only necessary to model only a few of the many
possible chemical reactions, for the present task. Given this, the physical properties of major interest
were enthalpy and density, which do not vary greatly for reasonable selections. Thus, for the glass
forming inerts it was assumed that the composition was a 50/50 mixture of Al,0; and SiO,, two of the
most common constituents of glass; and, for the bulk metal the simple assumption was made that it
consisted of 100% pure iron (Fe), the most common structural material. (Depending on the system under
consideration and its known or expected operating characteristics, the iron was either assumed to be
chemically inert or allowed to oxidize when chemically favored.)

Solid residues from the systems are stabilized by a combination of vitrification, polymer
solidification, and grouting. Vitrification additives, if required, are introduced as part of the feedstock to
the systems. Soil found at the INEL has been identified as a good additive material when mixed in
approximately a 2-to-1 ratio with the ash from the thermal treatment processes (2 parts ash to 1 part soil),
as discussed in Section 4.1 under primary stabilization. Even though contaminated soil from
environmental restoration programs would likely be used as the additive, it is not considered as a waste
for the purposes of this study.

The use of contaminated soil for the vitrification process provided extra value in those processes.

The composition of the soil was obtained from Reference (5). Only the eight most prevalent materials
from the measured composition were used in the modeling. The "as used" formulation is found in

the ASPEN PLUS stream summary results (for those systems which use soil) in Appendix C as the stream
labeled 'SOIL'. Most notably, the composition includes 10% moisture and 12.8% calcium carbonate
(CaCO;), which decomposes at about 1500 °F (below vitrification temperatures). In the modeling, the
flow rate of the moist, as-received feed soil is calculated (using an ASPEN PLUS design specification) to
form the 2-to-1 mixture. After considering the loss of moisture and CO, (from the decomposition of
CaCO;)from the raw soil, the final ratio of ash-to-processed soil becomes 2.37-to-1.
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Table 3-1B. Elemental Compositions in the Physical Waste Categories in the DOE Complex.
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Table 3-2. Waste Treatment Processes, and Waste Quantities and ITTS Flow Rates of Each.

Quantity Feed Rate
Designator Treatment Process/Waste Type (kg) (Ib/hr)

Al Combustible Waste ' ' 37,249,771 660.4
Organic Liquids = 2,860,331kg, 50.71 Ib/hr
Other = 34,389,440 kg, 609.71 Ib/hr

A2 Noncombustible Waste 75,556,048 1339.6

B Aqueous Waste 3,712,071 80!
(Systems K-1 and L-1)

C Lead Recovery | 10,647,751 26!
Mercury Recovery 1,167,608 50t

E Metal Melter 17,548,360 149
(Metal w/ Entrained Contamination and 50% of Metal
Drums)

F Metal Decontamination 5,027,598 4687
(Metal Drums w/ Surface Contamination, 50% of Total)

G Special Wastes 5,329,211 153t

H Polymer Stabilization(Halide and Sulfide Salts) 54,372 1+

TOTAL : 156,292,790 2927

T Processes not presently modeled with process simulation code.
* The capacity for polymer stabilization depends on system requirements.




4. SYSTEM DESCRIPTIONS

This section briefly describes the 19 proposed thermal treatment systems. Each system design
consists of all structures, buildings, and equipment needed to accomplish the functional and operational
requirements (F&ORs), as fully described in References (1) and (2). Systems A-1 through A-7 are based
" on conventional rotary kiln technology. System B-1 uses an indirectly-heated, starved-air incinerator that
operates in a pyrolysis mode. Systems C-1 through C-3 use a plasma-arc furnace. System D-1 is a fixed-
hearth, controlled-air incinerator distinguished by the addition of a CO, retention system. System E-1
uses a rotary kiln for treatment of combustibles combined with an indirectly-heated rotary calciner used
for the thermal desorption of debris. System F-1 uses molten salt oxidation (MSO). System G-1 involves
molten metal waste destruction. System H-1 uses steam gasification. System J-1 uses Joule-heated
vitrification. System K-1 involves thermal desorption and mediated electrochemical oxidation (MEO).
System L-1 uses thermal desorption and supercritical water oxidation (SCWO).

System A-1 is the baseline system. For the sake of brevity, System A-1 is described more fully
than the rest of the systems. The discussions of the other systems focus on their differences from the
baseline system. Abbreviated descriptions of the treatment subsystems within each system are presented.
The preconceptual design process flow diagrams (PFDs) for the main thermal treatment processes,
Figures 4-1 through 4-19, are included for later comparison (Section 5) with the model process flow
diagrams (MPFDs) created within ASPEN PLUS. (For convenience in reading the text, the figures for
this section are located at the end of the section.) ‘

4.1 System A-1: Conventional Rotary Kiln, Air Combustion Gas, Dry-Wet APC
(Baseline System)

The majority of the technologies in this system use proven equipment that is commercially
available. The system employs a rotary kiln incinerator using air as combustion gas. This is similar to
treatment systems used by DOE at the TSCA incinerator at Oak Ridge National Laboratory (ORNL), Oak
Ridge, Tennessee. The air pollution control (APC) subsystem is based on dry filtration followed by wet
offgas scrubbing. The Scientific Ecology Group (SEG) incineration facility at Oak Ridge uses this
general approach in its APC. Solid residues from the system are stabilized by a combination of
vitrification and polymer solidification. System A-1 has twelve subsystems, which are described below.

Receiving and preparation. This subsystem has cranes and forklift trucks to unload waste

containers from incoming vehicles. The physical state of the waste in containers is identified by a real-
time radiography (RTR) unit. The wastes are classified either as sorting required (SR) waste or sorting
not required (SNR) waste. A passive/active neutron (PAN) assay unit determines the level of TRU
contamination of the waste. A segmented gamma scanning (SGS) unit is used to assay beta and gamma
radioactivity. A computer software and bar code scanning unit records and tracks the waste. Containers
of SNR waste are moved directly to the thermal treatment subsystem. If the container of SR waste has
restricted items, it is passed through a sorting train. The container is decapped by a saw mounted on a
gantry robot. Afier decapping, the container is emptied on a sorting table equipped with master-slave and
hydraulic manipulators used for removing restricted materials, such as large pieces of metal and lead, and
mercury containers. The segregated waste is sent to the appropriate treatment subsystems. For purposes
of this study, approximately 50% of the waste was assumed to require sorting.

Main thermal treatment. This subsystem (incineration) reccives combustible and

noncombustible solids, sludges, and organic liquids. Some of the sludge from the aqueous waste
treatment subsystem is also fed to the unit for drying and subsequent solidification with ash. Unless
special precautions are taken, sludges have a tendency to form small surface-hardened balls during drying
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that resist complete destruction of organic material. This tendency can be countered by introducing the
sludge into the rotary kiln as small particles (<1/4 in. in diameter) or by introducing it with other wastes.
The subsystem consists of a feed preparation shredder, a characterization unit, a natural gas and air-fired
rotary kiln, a secondary combustion chamber (SCC), an air blower, and the associated combustion and
feedstock preparation equipment. The size reduction unit shreds incoming waste in drums and boxes and
feeds it to a series of transport bins and hoppers. Empty wooden boxes are also shredded, but empty
metal containers are sent to the metal treatment subsystem. The contents of each hopper are sampled,
characterized, and fed to the incinerator. Incineration takes place in a negative air pressure environment.
The incinerator has a set of special graphite and steel seals designed to minimize air in-leakage. A metal
housing around the incinerator unit provides secondary confinement.

Main thermal treatment APC. This subsystem has a dry gas filtration unit, a wet gas scrubbing
unit, and a system for continuous emissions monitoring (CEM). In the dry gas filtration unit, the gas is partly
quenched by water jets and filtered in either a baghouse or through high-temperature ceramic filters followed
by high-efficiency particulate air (HEPA) filters. A charcoal or activated carbon filter is added in front of the
HEPA filter to remove any trace quantities of mercury that might be present in the offgas. The wet offgas
unit consists of a complete water quench, followed by hydrosonic and packed-bed scrubbers for removal of
acid gas. A system to remove nitrogen oxides and dioxins is also included. The CEM unit monitors and
records the quantities of CO, CO,, O,, particulates, and other compounds discharged from the stack, to check
compliance with air discharge permits. A continuous radiation sampling device is also included at the stack
discharge. .

Lead recovery. This subsystem has a decontamination train and an electrically-heated roasting
oven. The decontamination train has mechanical devices, including saws, shears, and sanders, to cut the
lead waste and to remove metal cladding from lead. Decontamination of lead takes place in scarfing and
abrasive blasting booths. The oven is used to melt lead that cannot be decontaminated by mechanical
means. The furnace APC subsystem has dry gas filtration similar to that of the APC subsystem provided
for the rotary kiln.

Mercury amalgamation. This subsystem uses a retort followed by a condenser to reclaim
mercury from contaminated solids. Afier mercury removal, the solids are sent to the primary stabilization
subsystem. Offgas from the mercury condenser is treated in a secondary combustion chamber and a wet-
dry APC system similar to the incineration APC. Recovered elemental mercury is either recycled or
amalgamated with zinc or copper in an amalgamation reactor.

Metal decontamination. This subsystem has a decontamination train. The decontamination
train has size reduction tools (plasma torch, saw, and shear) and is provided with abrasive liquid blasting
booths designed to remove entrained and surface contamination. It is assumed that dry ice blasting is
used to reduce the quantity of liquid waste generated.

Metal melting. This subsystem includes a size reduction unit operation. Metals that cannot be
decontaminated by mechanical means (surface blasting, grinding, etc.) are sent to this subsystem. In the
induction melter, most radioactive material goes into the molten slag, which is cast in a container, cooled,
and sent for inspection, assay, and shipment to storage or disposal facilities. Clean molten metal is
poured into an ingot, cooled, and sent for recycling. The induction melter APC subsystem has a train for
dry gas filtration similar to the APC subsystem provided for the thermal treatment unit.

Special waste treatment. 1t is assumed that there will be special wastes that require

capabilities not included in the basic system. The treatment subsystem for special waste is located in a
room equipped with a crane and all utilities needed for installing treatment systems for special wastes.
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Special treatment systeins will be identified and provided on a case-by-case basis during facility
operation. An equipment cost allowance of $3 million is included in the cost estimates.

Aqueous waste treatment. This subsystem collects and treats input aqueous waste, which

could include waste water having corrosive properties or contaminated with dissolved solids, suspended
solids, organic compounds, or heavy metals. In addition, this subsystem treats the system's secondary
aqueous wastes, such as the slurry from the APC subsystem scrubber blowdown, sludge from abrasive
blasting in the metal decontamination subsystem, rinse water from container washdown, and water from
equipment and floor drains.

The incoming aqueous waste is classified as having high levels of total organic carbon (TOC),
high levels of total dissolved solids (TDS), or low levels of TDS, and then stored in the appropriate batch
tank. The primary treatment train for high-TOC waste involves removing gross organics (using flotation
thickeners or coalescers), filtering out suspended solids (using back flushable filters), removing dissolved
organics (using carbon filtration or ozonators), and removing and polishing dissolved solids (using ion
exchange). An alternative for treating high-TOC waste is to feed it to the thermal treatment subsystem.
For liquids with high levels of TDS, the treatment train involves neutralization, filtering out suspended
solids, and removing dissolved solids, probably by evaporation. For liquids with low levels of TDS, the
primary treatment train consists of filtering out suspended-solids, removing dissolved organics (using
carbon filter or ozonators), and removing dissolved solids (by ion exchange).

Liquid wastes with mercury contamination are treated by precipitation and filtration using sulfur-
impregnated carbon filters. Also, the ion exchange vessels w111 have mercmy-sclectwe resins to capture
mercury.

In addition to the primary treatment trains, each waste type can be routed to or bypass a given
treatment unit. The aqueous waste treatment subsystem concentrates all sludge waste produced by the
various treatment trains and sends it to the stabilization subsystem. Spent ion exchange resin from
treatment processes is dewatered and sent to the thermal treatment subsystem or to the stabilization
subsystem.

Primary stabilization. This subsystem uses vitrification to convert the incinerator ash to a

waste form suitable for disposal. In vitrification, soil (including contaminated soil from a DOE
installation) or chemical additives (SiO,, Al,O,, Fe,0,, etc.) are metered into the rotary kiln to act as
glass formers. The additives are added in quantities proportional to the weight of expected bottom ash.
In order to add the proper quantity, the input waste must be characterized well enough to predict the
quantity of ash. The kiln mixes the soil with the ash and discharges the mixture into a storage hopper.
The mixture is metered from the hopper into a melter furnace. The melter furnace vitrifies the ash and
soil mixture and discharges the molten mixture into a container. The container is cooled, capped, and
sent to a swiping and decontamination station. If surface contamination is found, the container is washed
by high-pressure water jets. The inspected container is sent for assay, certification, and shipping to
storage or disposal facilities. The melter furnace APC umit has a dry gas filtration train similar to the dry
APC subsystem provided for the rotary kiln.

Research conducted at Idaho National Engineering Laboratory (INEL) has shown that the residue
after combustion, when combined with about 40 to 50% soil, will form a good glass or ceramic waste
form. Testing on bench-scale melters at INEL has shown that drying the soil before placing it in a melter
results in less violent melter startup. Thus, the soil is introduced into the incinerator and dried. As an
additional benefit, any organic carbon will be eliminated and carbonates will be disassociated.




Secondary stabilization. This subsystem receives treated residues that are not suitable for

processing by the primary stabilization subsystem, such as salts having a low melting point or fly ash with
a salt concentration exceeding the limits specified for vitrification when it is the primary stabilization
method. Stabilization of salts involves polymer encapsulation using sulfur cement, polyethylene, or
polymerizing agents produced by Dow Chemical Company. The subsystem has a dryer that removes
water from the incoming waste. The dried powder and polymer are metered into an extruder that heats
and mixes the polymer with powdered waste. The extruder feeds the mixture into a drum. When filling

is complete, the drum is capped and sent to a swiping and decontamination station. If surface
contamination is detected, the container is washed by high-pressure water jets or blasts of dry ice. The
inspected container is sent for assay, certlﬁcatlon, and shipping to storage or disposal facilities. Bulk
secondary waste, such as spent filters, is compacted and macro-encapsulated by grouting techniques.

Certify and ship. This subsystem characterizes the physical and radiological properties of the
packaged waste to allow certification in accordance with transportation, storage, and disposal
requirements. The containers of packaged waste for shipment are weighed. An RTR unit examines the
container to ensure that the matrix is homogeneous and has no free water. If TRU or alpha contaminated
waste is processed, the TRU concentration is measured by a PAN assay unit. An SGS unit is used to
assay the beta and gamma radioactivity. After inspection, the waste is either sent to a temporary storage
area or loaded onto a truck for offsite or onsite shipment.

4.2 System A-2: Conventional Rotary Kiln, Oxygen Combustion Gas

System A-2 is the same as System A-,I except‘ that the incinerator is equipped to use.
commercially pure oxygen as the combustion gas. The APC subsystem has a smaller capacity, since
oxygen combustion creates lower volumes and velocities of incineration offgas than does air combustion.

4.3 System A-3: Conventional Rotary Kiln, Wet Air Pollution Control Subsystem

System A-3 is the same as System A-1 exceﬁt that the APC subsystem uses all wet filtration and
cleaning techniques. The dry gas filtration unit (baghouse) is eliminated.

4.4 System A-4: Conventional Rotary Kiln, CO, Retention |

System A-4 is basically the same as System A-1 except that the incinerator uses oxygen as the
combustion gas, and a different APC configuration is used. This APC subsystem treats offgas by the
conventional dry filtration means and then removes carbon dioxide by absorption into lime in a fluidized
bed. The water formed in the incinerator is condensed and sent to the aqueous waste treatment
subsystem. The remaining gas is enriched with oxygen and rerouted to the incinerator for additional
treatment of toxic materials. The CO, retention concept is being developed at the Argonne National
Laboratory. The lime (or dolomite) is recycled as many as ten times using a lime recovery system whose
main component is a calciner. During recovery the calcium carbonate is reheated to release the CO,. The

- CO, is then monitored and discharged to the atmosphere. Alternatively, the calcium carbonate can be
calcined at a remote place, in which case the only offgas released to the atmosphere on a continuous basis
close to the thermal treatment equipment is the inert gas that enters with the oxygen or leaks into the
system. The CaCO; could also be disposed as a solid, which would incur additional disposal costs.
Compressed gas storage tanks are included for these gases. '

System A-4's recclvmg and preparation subsystem is different from System A- 1's in that bulk
metals, slag, and tar formers need to be removed as part of that step. The capacity of System A-4's
aqueous waste treatment subsystem is slightly larger than that of the baseline system in order to handle
the water condensed from the offgas.
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4.5 System A-5: Conventional Rotary Kiln, Polymer Stabilization

System A-5 is the same as System A-1 except that the primary stabilization method uses
polymers in place of vitrification. In this case, all solid residues are stabilized by polymers as described
in Section 4.1, secondary stabilization. However, bottom ash and fly ash stabilized residues are kept
separate for purposes of tracking transuranic activity.

4.6 System'A-G: Conventional Rotary Kiln, Maximum Recycling

System A-6 is designed to minimize the volume of waste requiring disposal. The standard rotary
kiln, which uses air as the combustion gas, is preceded by a feedstock preparation subsystem that
maximizes decontamination to permit recycling of waste materials, containers, bulk metals, and process
chemicals. Containers and some bulk metals are recovered, decontaminated, and recycled within the
facility to the extent possible. Aqueous secondary waste streams, except for acid gas scrubber blowdown,
are treated in an aqueous waste treatment subsystem. The blowdown from the acid gas scrubber is
processed through a salt splitting system to produce a caustic and hydrochloric acid. The caustic can be
recycled to the beginning of the wet section of the APC subsystem. Salt splitting is a specially-designed
electrodialysis process that results in caustic being regenerated for reuse within the system. Activated
carbon filters in the offgas line are recycled using a retorting process, which removes the mercury. HEPA
filters in the offgas line use stainless steel cloth that is reusable after cleaning.

4.7 System A-7: SIagging Rotary Kiln

The slagging rotary kiln system accomplishes both incineration and vitrification in a single step.
Combustible and noncombustible solids along with glass-forming material or contaminated soil are added
to the kiln inlet. The kiln output is a vitrified slag that requires no further stabilization.

System A-7 does not have a metal melting subsystem, because metal with entrained
contamination is fed to the slagging kiln and is embedded in the discharged slag. Also, since the kilnis a
one-step oxidation-stabilization unit, a separate vitrification subsystem similar to the baseline system is
not needed. ‘

Main thermal treatment. The main thermal treatment subsystem consists of a storage and
characterization area, a rotary kiln fired by natural gas and air, an SCC, an air blower, and the associated
combustion and feedstock transfer equipment. The thermal treatment subsystem receives combustible
and noncombustible solids, metal with entrained contamination, sludge, and organic liquid. The slagging
kiln performs the organic destruction and stabilization functions in one step. For more uniform and puff-
free combustion, the slagging kiln selected for this study is designed to treat shredded waste.

The slagging rotary kiln is a commercial technology currently employed for hazardous waste
treatment in Europe and in the United States. Some of the sludge from the aqueous waste treatment
subsystem is also fed to the unit for drying and subsequent solidification with the slag. As the waste is
fed into the kiln, necessary burner adjustments are made to maintain design levels of combustion and
waste slagging. The kiln is equipped with graphite seals designed to minimize air leakage into or out of
the kiln. .

The typical temperature range for the slagging kiln is 1,500 to 2,500°F, but can also be operated
at lower temperatures in the ashing mode. The residence time of solids in the kiln is typically one hour.
The destruction of solids in the slagging mode is expected to be enhanced relative to the ashing mode
because of the increased heat transfer rate. The kiln has a seal at the waste inlet, the slag outlet, and the
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entrance to the attached SCC unit. A typical design includes a combination slag pot and SCC, which is
attached to the kiln. The SCC is a refractory-lined vertical cylinder, operated at a combustion temperature
of 2,500°F. At the bottom of the SCC, a sloped opening provides an exit for the liquid slag (or ash, if
operated in the ashing mode). '

4.8 System B-1: Pyrolysis

System B-1 combines an indirect-fired, electrically-heated, rotary kiln pyrolyzer and a SCC using
oxygen combustion gas with the vitrification unit. Electrical heating and burning in oxygen starved-
pyrolysis minimizes production of offgas. The pyrolysis gas is oxidized with pure oxygen in the SCC,
which is followed by a standard wet-dry APC subsystem. System B-1 uses a standard feedstock
preparation subsystem. Solid residues from the pyrolyzer are treated by vitrification. An oxygen lance
would be used in the vitrifier to assure burnout of carbon from the pyrolyzer. The offgas from the
vitrification unit is fed to the pyrolyzer SCC inlet, thus eliminating a separate APC subsystem for the
primary stabilization subsystem. Aqueous secondary waste streams are treated in an aqueous waste
treatment subsystem. Organics recovered from aqueous treatment are recycled to the thermal treatment
unit. Sludges resulting from precipitation and filtration are transferred to the primary stabilization
subsystem or, if necessary, to the secondary stabilization subsystem. The treated water is recycled in the
system, as required, for process use. Differences between this system and the baseline system are
outlined below.

Receiving and preparation. The receiving and preparation subsystem is the same as that of
the baseline system except that sorting requirements are substantially greater. This is due to limits on the
noncombustible material that can be present in the pyrolyzer feed material. Most of the noncombustible
bulk material needs to be separated from the waste before it can be fed into the pyrolyzer.

Main thermal treatment. This subsystem differs from that of the baseline system by
integrating a pyrolyzer unit and SCC with the vitrification unit. Noncombustible waste is fed to a dryer
along with soil or other additives, and then fed to the melter for vitrification. Combustible waste
undergoes partial combustion by being heated in an oxygen-starved chamber. The resulting gases are
burned in an SCC to which oxygen is added in stoichiometric proportions. The pyrolyzer operates at a
temperature of 1,200°F, and the SCC at a temperature of 2,200°F. The ash from the pyrolyzer is fed to
the vitrification unit. This ash is typically a char with a high carbon content, which could pose a problem
for the melter. Oxygen must be supplied to the melter for combustion of the carbon. Burning carbon in
the vitrifier will create gas pockets in the slag, which makes the waste form less dense. The melter offgas
also goes to the SCC.

Main thermal treatment APC. As with System A-1, the APC subsystem is based on dry
filtration followed by wet offgas scrubbing. However, this APC subsystem has a smaller capacity, since
indirectly heated oxygen combustion creates lower volumes and velocities of offgas than does air
combustion. The smaller quantity of offgas and the lower temperature created by pyrolysis also result in
a smaller quantity of fly ash.

Primary stabilization. As indicated before, the vitrifier is part of the incineration subsystem.
The primary stabilization subsystem performs only cooling and packaging of slag.
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4.9 System C-1: Plasma Furnace

System C-1 combines a plasma furnace with an SCC, both of which use air as the combustion
gas. The plasma furnace performs three functions simultaneously: thermal treatment, vitrification, and
metal melting. The SCC is followed by a standard dry/wet APC subsystem. The plasma furnace requires
only that bulk lead and mercury be removed (for separate treatment) and that boxes, large metals, and
debris be reduced in size to fit into the feed handling system and the plasma chamber; thus, feedstock
preparation is minimal. The plasma furnace can accept bulk feed, including drums. This mode of -
operation is used only if the waste is adequately characterized to meet the RCRA permit restrictions.
Contaminated soil or other glass or ceramic-forming additives are added to the furnace to produce a
highly leach-resistant vitrified waste form. Solid residues from the plasma furnace, including
radionuclides, can be drawn off in two streams: a molten glass stream containing the vitrified ash
components, and a molten metal stream. Aqueous secondary waste streams are treated in an aqueous
waste treatment subsystem. Organics recovered from aqueous waste treatment are recycled to the plasma
furnace. Sludges resulting from precipitation and filtration are transferred to either the plasma furnace or,
if necessary, to the secondary stabilization subsystem. Differences between this system and the baseline
system are outlined below.

Receiving and preparation. System C-1 requires minimal processing during receiving and
feedstock preparation. Bulk lead and mercury need to be removed and treated separately Large pieces of
bulk metal (steel, etc.) that require melting and other debris need only to be reduced in size sufficiently to
fit the feed handlmg system and the plasma chamber.

Main thermal treatment. The main component of the incineration subsystem is a plasma
furnace, which uses an electric arc. The arc produces a highly energized plasma that breaks the chemical
bonds of waste materials. Plasma systems usually operate in a pyrolytic or starved-air mode in an attempt
to minimize high-temperature formation of undesirable oxides of nitrogen. The offgases are burned in an
SCC using air as the combustion gas.

Main thermal treatment APC. The APC subsystem has a smaller capacity than that of the
baseline system, since the volume of offgas generated per unit mass of waste is smaller. (Even lower
quantities of combustion gas could be obtained if oxygen were used instead of air.) It is likely that the
capability to reduce levels of oxides of nitrogen in the offgas will be required.

Primary stabilization. An acceptable waste form is produced during incineration. The waste
is slowly cooled in a slag chamber operating at an elevated temperature. After cooling, the waste form is
moved to storage.

4.10 System C-2: Plasma Furnace, CO, Retention

The plasma furnace with oxygen combustion and CO, retention is an alternative to the
conventional plasma furnace system (C-1). This system has been developed to study the effect of using
oxygen for combustion and removing CO, from the offgas resulting in discharge of a minimum amount
of offgas to the environment.

The SCC is followed by a dry APC subsystem, modified to include carbon dioxide absorption of
the offgas into lime, similar to System A-4. This system includes removal of chlorides, CO,, and water in
the offgas in a fluidized bed. The remaining offgas, primarily oxygen, is recycled to the furnace. The
CO, is absorbed in lime to form calcium carbonate. A small bleed-off stream from the offgas recycled to
the furnace is also discharged to the atmosphere. After a given retention period, the carbonate is calcined
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to release the CO,, allowing the recycle of the lime. The CO, released from the calcining operation is
monitored and discharged to the atmosphere. _

4.11 System C-3: Plasma Gasification

This system is based on a conventional plasma furnace that operates in an oxygen-starved
environment. It is designed to study the effect of operating a plasma furnace in a reducing mode and
producing a synthesis gas that not only reduces the volume of offgas discharged to the environment, but
produces an offgas that can be used for energy recovery. In this system, air is used as the torch gas, with
steam added to the furnace to provide the oxidant.

The plasma furnace using steam performs two functions simultaneously: thermal treatment and
vitrification. The plasma furnace requires that bulk lead and mercury be removed and treated separately
and that bulk metal and large debris be reduced in size to fit into the feed handling system and the plasma
chamber. The plasma furnace can accept shredded feed. Contaminated soil or other glass- or ceramic-
forming additives are added to the furnace to produce a leach-resistant vitrified waste form. Molten solid
residues from the plasma furnace, including radionuclides, are drawn off as a vitrified material.

Since the thermal treatment process is a reduction reaction (i.e., oxygen starved environment), the
plasma furnace exhaust contains synthesis gas (referred to as syngas) which is primarily H,, CO, and
CO,. The syngas contains impurities, such acidic gases and particulates, which must be removed. The
syngas cleaning function is accomplished in an APC subsystem similar to the baseline system consisting
of quenching, dry filtration, and wet scrubbing steps. The cleaned gas is either recovered by burning in a
steam boiler or sent to a catalytic oxidation unit for conversion of H, and CO to H,0 and CO, and
subsequent release to the atmosphere. Fly ash recovered from the APC dry filtration step is recycled to
the plasma furnace. Sludges containing salts resulting from the APC wet scrubbing step are transferred to
the secondary stabilization subsystem. The treated water is recycled into the system, as required, for
process use.

System C-3 does not have a metal melting subsystem because metals with entrained -
contamination are melted in the plasma furnace and recycled when possible. Also, since the plasma
furnace is a one-step oxidation-stabilization unit, a separate vitrification subsystem similar to the baseline
system is not needed.

Main thermal treatment. The main component of the thermal treatment subsystem is a
shredder and a plasma furnace, which uses a transfer electric arc contacting the slag layer as the anode.
The furnace typically operates with a 3,000°F wall temperature and 1,800°F gas temperature. Heat is
produced in the reactor chamber by the plasma torch. Steam is added to the chamber to provide an
oxidant and to encourage the formation of carbon monoxide. The furnace operates in a reducing mode.
The organics react with superheated steam, forming CO, CO,, and H,. The offgas consists primarily of
H,, CO, and CO,. Metal will melt and sink to the bottom of the melt. Inorganic material forms vitrified
slag, which is cooled into a stable waste form. The primary stabilization subsystem consists of collecting
and cooling this metal-slag mixture.

4.12 System D-1: CO, Retention

System D-1 combines a sub-stoichiometric, fixed-hearth primary combustor (frequently referred
to as a controlled-air incinerator) with an SCC, both of which use oxygen as the combustion gas. This
system uses a fluidized bed absorber to absorb the carbon dioxide in the lime after treatment in a
conventional APC, similar to Systems A-4 and C-2. The incineration subsystem is preceded by a
standard feedstock preparation subsystem in which special precautions are taken to remove large pieces of
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metal and other noncombustibles. Solid residues from the incineration subsystem are treated by
vitrification or polymer solidification. Aqueous secondary waste streams are treated in an aqueous
treatment subsystem. Organics recovered from aqueous waste treatment are recycled to the primary
incinerator. Sludges resulting from precipitation and filtration are transferred to either the primary
stabilization subsystem or, if necessary, to the secondary stabilization subsystem. Differences between
this system and the previously discussed systems are outlined below. -

Receiving and preparation. Recciving and preparation includes procedures to remove bulk
metals and slag and tar formers.

Main thermal treatment. System D-1 employs a fixed-hearth incinerator in which waste is
transported over a hearth by a ram feeder or other conventional type of feeder. A screw conveyor stirs the
ash pile and eventually moves it to one or more ash ports. Combustible waste is heated in an oxygen-
starved atmosphere, where it is volatilized and undergoes partial combustion. The resulting energy-
bearing gases are burned in an SCC that runs on excess oxygen.

Aqueous waste treatment. This subsystem handles the water condensed from the offgas.
This subsystem is smaller than that of the baseline because liquid waste from the scrubber has been
eliminated.

Primary stabilization. This subsystem is the same as in the baseline system except that
noncombustible materials in the feed must be dried. Soil is mixed with ash coming from the incinerator.
Dryers are needed to remove water from the soil, sludge, and other materials before vitrification.

4.13 System E-1: Thermal Desorption

_ System E-1 takes advantage of RCRA land disposal regulations that allow treatment of waste
classified as debris by grouting only. Waste classified as process residues requires incineration. System
E-1 is based on a standard rotary kiln incinerator that uses air as the combustion gas, and is smaller than
the baseline unit. The kiln is preceded by a standard feedstock preparation subsystem and followed by a
standard dry/wet APC subsystem. Ash from this system goes to a vitrification unit or, if small, to
grouting. The incineration subsystem is standard except for a thermal desorption step parallel to the
thermal treatment unit. The desorber separates volatile organic compounds (VOCs) from debris as
defined by RCRA. Soil can also be treated by the parallel thermal desorber. Waste components
vaporized in the thermal desorber are condensed to a liquid and sent to the rotary kiln. Solid residues
from this system are stabilized by grouting. Solids from the desorber are shredded and microencapsulated
by grouting. Aqueous secondary waste streams are treated in an aqueous waste treatment subsystem.
Organics recovered from aqueous waste treatment are recycled to the rotary kiln. Sludges resulting from
precipitation and filtration are transferred to either the primary stabilization subsystem or, if necessary, to
the secondary stabilization subsystem. Differences from the baseline system are outlined below.

~ Receiving and prepération. The receiving and preparation subsystem is similar to that of the
baseline system but more waste characterization and segregation are required.

Thermal desorption. This subsystem, which uses an indirectly-heated calciner for thermal
desorption, separates VOCs from the feedstock before waste is fed to the stabilization subsystem. Waste
components vaporized in the thermal desorber are treated in an APC consisting of a stripper and
condensers. Captured organic liquids are sent to the incineration subsystem. Solid residues from the
desorber are sent to a debris grouting subsystem.




Debris grouting. The debris grouting subsystem stabilizes debris by mixing the shredded
waste with grout consisting of cement, water, and sand. The mixture is poured into drums and allowed to
cure. Once the grout has solidified, the drums are capped, washed, and moved to the certify and ship
subsystem.

4.14 System F-1: Molten Salt Oxidation

The molten salt oxidation (MSO) subsystem is comprised of a thermal treatment subsystem, an
APC, a salt recycle subsystem, and a primary stabilization subsystem with independent APC.
Combustible waste is oxidized in a molten salt bed. -The molten sodium carbonate acts as a catalyst for
the oxidation of combustible waste. The bed also neutralizes halogenated acids and forms halogenated
salts. Noncombustibles, such as metal and salt, collect in the bed and are removed by continuously
transferring some of the salt bed into a collection vessel. The melt overflow from the thermal treatment
subsystem is transferred to a salt recycling subsystem, where the ash is filtered out and sent to a primary
stabilization subsystem and sodium carbonate salt is recovered and recycled back to the thermal treatment
subsystem. An APC subsystem, which is based on dry filtration followed by wet scrubbing, is provided
for treatment of the gas fumes from the MSO vessel. Fly ash from the APC subsystem is sent to a
secondary stabilization subsystem where it is solidified with polymer. The fly ash consists mostly of
salts. Since MSO can accept only combustible waste, all of the input noncombustible waste is sent
directly to the primary stabilization subsystem. In the primary stabilization subsystem, noncombustible
solids and ash are vitrified and packaged for certification and shipping.

The MSO system has fourteen major subsystems, including a salt recycle subsystem. Most of the
subsystems are the same as the baseline system (A-1). Subsystems that are different from the baseline
system are described below. Since the MSO thermal treatment unit processes only combustible waste, the
sorting operations in the receiving and preparation subsystem are more extensive and, hence, the
subsystem is larger than that included in the baseline system.

Main thermal treatment. The waste is size reduced and separated into combustible and
noncombustible categories. The combuistibles are processed in the molten salt oxidation subsystem, and
the noncombustibles are processed in the primary stabilization subsystem. The combustible waste is size
reduced to 1/8 of an inch or smaller to transport through the feed system and to assure total combustion in
the bath. The combustible waste and air/oxygen are mixed in a molten sodium carbonate (Na,CO;) bed
in an alumina-lined reactor. The molten bed is operated at temperatures of about 1,400 to 1,800 °F to
maintain the melt viscosity. The moderate operating temperature limits the formation of nitrous oxide
(NO). The offgas, principally CO, and H,0, is sent to the APC subsystem. Some of the melt is
continuously removed to prevent the buildup of ash and other inerts in the reactor. Salt bath viscosity
control requires that the ash fraction be kept below 20% by weight. The salt must remain fluid to
facilitate transfer of the melt overflow and enhance oxidation of the organic waste. The salt overflow is
sent to the salt recycling subsystem. '

Main thermal treatment APC. The APC subsystem has a dry gas filtration unit, wet gas
scrubbing unit, and a system for CEM. In the dry gas filtration unit, the gas is partially quenched by
water jets and filtered through a baghouse to remove salt carryover. Special features have been included
to clean salt cakes accumulated in the reactor exhaust pipes. A centrifugal wet scrubber collector is
provided downstream of the baghouse to remove any salt fumes that might have escaped the baghouse.
The scrubber is followed by a reheater and HEPA filters. The salt from the baghouse is sent to the
secondary stabilization subsystem.

Salt recycling.. In the salt recycling subsystem, the ash and salt mixture is cooled, crushed, and
dissolved in a water tank. The mixture is then filtered, separating the ash from the dissolved salt. The ash

19




slurry is dried and sent to the primary stabilization subsystem. The salt solution is sent to an evaporative
crystallizer. The sodium carbonate will drop out of the solution in the form of crystals, because sodium
carbonate has low solubility in water at room temperature. The salt crystal solution is routed to a
centrifuge where the sodium carbonate salts are separated from the solution, later dried, and recycled back
to the main thermal treatment subsystem. The supernate from the solution, which contains sodium
chloride, is recycled to the dissolver tank or sent to the aqueous waste treatment subsystem for further
treatment. The evaporated water collected from drying the ash sludge, sodium carbonate concentrate, and
the evaporative crystallizer is condensed and sent to aqueous waste treatment or recycled to the dissolver
tank. ’

Primary stabilization. The primary stabilization subsystem receives ash from the salt
recycling subsystem and noncombustible waste feed from the receiving and preparation subsystem. The
noncombustible waste feed is size reduced using a coarse shredder unit, which shreds waste and feeds it
to a series of transport bins. A combined dryer and blender is added to reduce moisture in the waste feed
entering the vitrifier. The vitrifier mixes soil with the ash, melts the mixture, and discharges a molten
slag product into a waste container. The container of slag is cooled, capped, and sent to a '
decontamination station. The offgas from the vitrifier is sent to the primary stabilization APC. which has
dry/wet gas filtration units and a system for CEM. In the dry gas filtration unit, the gas is partially
quenched by water jets and filtered through a baghouse followed by HEPA filters. The fly ashis sent
back to the vitrifier. A charcoal or activated carbon filter is added in front of the HEPA filter to remove
any trace quantities of mercury that might be present in the offgas. A wet scrubber removes acids and
salts. Waste liquor is routed to aqueous waste treatment.

- 4.15 System G-1: Molten Metal Waste Destruction

The main thermal treatment unit in system G-1 is based on a molten metal waste destruction

process developed by Molten Metal Technology (MMT) of Waltham , Massachusetts. The process
employs a chemical reactor vessel containing a molten metal bath that thermally destroys incoming feed
materials and converts them to their elemental forms. Solids and gaseous additives and catalysts (e.g.,
oxygen, slag formers, fluxing agents, lime, and carbon) are injected into the molten bath in order to
separate radionuclides or other contaminants from the recoverable material in the feedstock. The
recoverable material is sent for recycle and reuse.

According to the manufacturer, a key feature of the molten metal waste destruction process is the
ability to accomplish, in a single train, three major steps: organic destruction, residue stabilization, and
conversion of the recoverable material for either reuse at the plant or recycling at other facilities. While
destroying the incoming waste, three phases form in the molten bath reactor: molten metal, vitreous slag,
and syngas. Although for hazardous waste all three phases are claimed to be recycled, in the ITTS study
only the syngas and molten metal are assumed to be recyclable. The slag is a radioactive waste which
requires disposal as LLW. An APC subsystem purifies the syngas by a combination of dry quenching,
dry particulate removal and wet acid gas scrubbing steps. The purified syngas is used for generating plant
steam. Alternatively, syngas can be oxidized in a thermal oxidizer and discharged directly to the
atmosphere. Molten metal is removed from the reactor, cast, and sent offsite for use in fabrication of
waste containers and other devices that could be employed during waste management operations in the
DOE complex. Molten slag containing radionuclides is removed from the reactor, poured into waste
containers, and sent for disposal.

System G-1 has neither the metal melting nor the metal decontamination subsystems that are part
of the baseline system. Feed normally processed by these subsystems is processed by the molten metal
reactor and recycled. The sort unit operation in the receiving and preparation subsystem is smaller than in
the baseline system. This is due to the ability of the process to accept a wide variety of the hazardous and
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toxic material in the feedstock. Also, since the molten nietal reactor is a one-step reduction and
stabilization unit, a separate vitrification subsystem similar to that of the baseline system is not needed.

Main thermal treatment. The main component of the thermal treatment subsystem is a sealed
molten metal bath reactor that operates at temperatures near 3,300°F in a reducing (oxygen starved)
environment. The reactor is a pressurized induction-heated melter vessel with an enlarged head space
designed for control and removal of the material from gaseous or molten phases. The bulk solids
discharged from the shredder outlet are collected in air-tight transportable bins and set aside in the feed
preparation area. On demand, a given waste bin is lifted and placed on top of a feed mechanism mounted
above the reactor.

Experiments by MMT indicate that from the partitioning stand point, most of the radionuclides
found in DOE MLLW may be categorized into four general groups: (1) uranium and transuranium, (2)
technetium, (3) cesium and strontium, and (4) cobalt, nickel, and other isotopes with an atomic weight
near iron. MMT tests, using hafnium as a surrogate element, predict that the elements in the first group,
uranium and transuranium, will most likely oxidize and go into the slag phase. This means that metal
contaminated with these elements can be cleaned with a high decontamination factor rendering the metal
suitable for recycling within the nuclear industry.

The subsystem has a bulk material mixing station provided for preparing a homogenous mixture
of waste and solid additives when such a mixture is needed. Gaseous additives and liquid wastes are fed
to the reactor via tuyeres (pipes with spare nozzles) located in the bottom of the reactor.

The metal felt normally operates in a reducing atmosphere, with sub-stoichiometric addition of
oxygen for syngas production. The syngas on top of the molten bath is generally composed of a
combination of carbon monoxide (CO), hydrogen (H,), steam(H,0), and impurities such as acidic gases
and particulates. Nltrogen gas is injected into the reactor to maintain the required pressure and maintain
an inert environment in the head space, and to sweep the gas out-of the reactor head space. The reactor
exhaust is sent to the APC for treatment before reuse.

High-temperature instrumentation and computer models are needed to either measure or predict
parameters needed to control the molten bath chemistry and metallurgy. Studies of reactor geometry to
optimize input feed, reaction turbulence, refractory hfe product discharge, and maintenance are also
underway.

Main thermal treatment APC. The function of the APC is to remove impurities to a level that
syngas can be safely burned. The APC subsystem accomplishes this function by a combination of dry
quenchmg, dry particulate removal, and wet gas scrubbing steps. The dry quenching step consists of
passing the syngas exhaust from the reactor through a fluidized bed cooling unit. The fluidized bed unit
cools the syngas and drops the temperature from 3,300°F to approximately 400-300°F. Silica sand or
ceramic balls cooled by water-cooled coils are used as the fluidized medium. The sand in the fluidized
bed cooler also acts as a cold trap filter and captures most of the volatilized metal escaping the reactor.
Any waste residue from the fluidized bed is sent to the molten reactor for processing. Cooled syngas is
processed through a cyclone separator, baghouse and HEPA filters to remove the solid particulates and
fugitive bed media. A charcoal or activated carbon filter is added in front of the HEPA filter to remove
any trace quantities of volatile organic compounds (VOCs) and mercury that might be present in the gas.

Particulate free syngas is then sent to the wet gas acid removal train. This train consists of a wet
scrubber that is designed to remove dissolved acid precursors present in the syngas. An alkali scrubber is
also available as backup to provide additional acid gas neutralization if necessary. Scrubber sludge is sent
to the secondary stabilization subsystem where it is dried to powder and stabilized with polymer.
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The clean hydrogen and carbon monoxide rich syngas is sent to a steam boiler for energy
recovery or burned in a catalytic oxidizer. The catalytic oxidation unit operates at 1500 °F, where carbon
monoxide and hydrogen gas is bumned and any trace VOCs are destroyed.

4.16 System H-1: Steam Gasification.

The steam gasification system is designed to accommodate conventional organic waste
gasification technologies that convert the organic feedstock into ash and synthesis gas (or syngas). This
concept not only minimizes the amount of gas discharged to the environment, but produces a gaseous
product that can be-used for energy recovery. . ' .

. The main process line consists of a thermal treatment subsystem based on steam gasification, an
APC subsystem, and a syngas oxidation subsystem. The main thermal treatment subsystem processes
sorted combustible waste and superheated steam in an indirectly heated reactor. The heat in the reactor
breaks down the organic compounds into their elemental forms. Steam reacts with the decomposed
elements to form syngas and ash. An APC subsystem purifies the syngas by a combination of wet
quenching, dry particulate removal, and wet acid gas scrubbing steps. The purified syngas is used for
generating plant steam. Altematively, syngas can be oxidized in a catalytic oxidizer and discharged
directly to the atmosphere.

The thermal treatment unit has a low tolerance for accepting noncombustibles in the feed.
Therefore, noncombustible waste, ash from the main thermal treatment subsystem, and fly ash from the
APC subsystem are routed to the primary stabilization subsystem, which uses a vitrification furnace for
waste stabilization. Contaminated soil or other glass- or ceramic-forming additives are added to the
vitrifier to enhance the leach resistance of the final waste form. The APC scrubber liquor is sent to the
aqueous waste treatment subsystem.

The steam gasification system has thirteen subsystems. The sort unit operation in the receiving
and preparation subsystem is larger than that of the baseline system. Most of the subsystems are the same
as those of the baseline system (A-1), with the exception of the main thermal treatment and the APC
subsystems. These two subsystems are described below. The primary stabilization subsystem receives
noncombustible waste feed from the receiving and preparation subsystem and fly ash from the main
thermal treatment APC, and is the same as that for the molten salt oxidation system (F-1).

Main thermal treatment. The main component of the thermal treatment subsystem is a steam
reforming reactor. The key function of the reactor is to mix the waste with steam to decompose the
organic material in a high-temperature environment. The gasification reactor design is a fluidized bed
vessel technology.

The waste feed must be reduced in size for more efficient turbulence and mixing during
gasification in the reactor. Superheated steam enters the reactor through spargers at the bottom of the
fluidized bed reactor and facilitates mixing. The reactor is heated by an indirect heat source. At
operation temperatures of approximately 1,300 to 1,400°F, and under reduced conditions, the organics
react with superheated steam, forming syngas composed of CO, CO,, H,, and H,O gases. The syngas is
sent to the APC subsystem for purification and energy recovery. The bottom ash, solids, and some bed
material removed from the bed are collected, cooled, and sent to the primary stabilization subsystem for
vitrification. ' :

Main thermal treatment APC. The APC subsystem is based on dry particulate filtration

followed by wet acid scrubbing and final polishing of the syngas. In the dry filtration, the syngas passes
through a cyclone unit, then a ceramic filter to remove coarse and fine particulates in the syngas.
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4.17 System J-1: Joule-Heated Vitrification

The Joule-heated vitrification system is designed around a conventional glass making melter.
The intent is to use a Joule-heated melter in a one-step oxidation-vitrification application for treating both
combustible and noncombustible waste. Several vendors have developed, or are in the process of
developing, this approach.

In a typical process, glass- or ceramic-forming additives or contaminated soil are added to the
vitrification unit. Oxygen is added to the melter to oxidize the organic compounds. The upper part of the
melter is provided with a plenum to house gas that has formed during combustion. Ash from the
combustion and the glass-forming material mix in the melter to form a homogeneous product. Offgas
from the vitrification subsystem is sent to an APC subsystem. The APC subsystem uses dry filtration
followed by wet offgas scrubbing. Descriptions of the main subsystems are presented below.

The Joule-heated vitrification system has eleven subsystems. Since the main thermal treatment of
the system is a single-step oxidation and vitrification process, a separate primary stabilization subsystem
is not needed. Most of the subsystems are the same as those of the bascline system (A-1), with the
exception of the main thermal treatment subsystem. -

Main thermal treatment. The heart of the main thermal treatment subsystem is a vitrifier,
which performs organic destruction and waste stabilization in one step. Combustible and noncombustible
waste are size reduced. Liquid waste will be fed on a continuous mode to reduce unexpected spikes and
allow maximum throughput. A dryer has not been considered at this point in the design, but could be
used to reduce moisture in slurry and soil fed to the melter. The vitrifier mixes the soil with the waste
feed, melts the mixture, and discharges a molten slag product into a waste container. °

Glass handling. The glass handling subsystem consists of hardware necessary to remove
molten glass from the melter, and cast the hot glass into a monolith.

4.18 System K-1: Thermal Desorption and Mediated Electrochemical Oxidation

The K-1 system is designed to accommodate flameless, low-temperature (less than 600°F)
technologies for processing DOE's MLLW. In this system the design objective is to heat up combustible
and noncombustible solids to vaporize low-boiling-point VOCs. This study assumes that 10% of the
organic waste is volatilized. The vaporized VOCs are condensed and captured in an organic liquid form.
After heating and removing the VOCs, combustible and noncombustible solid residues are stabilized in a
low-temperature process such as grouting. The organic liquid is destroyed in a MEO cell, which is a low
temperature oxidation process using liquid electrolytes.

The heating device employed in this system is an indirectly heated thermal desorber designed to
receive and heat combustible and noncombustible waste to about 600°F. Vaporized compounds exiting
the desorber are filtered in a sintered metal gas/solids separator. The gas is then cooled to remove any
residual mercury in a heat exchanger. The condensed mercury is collected in a liquid container and
transferred to a mercury amalgamation subsystem. - A secondary heat exchanger condenses the liquid
water and volatilized compounds into a liquid form. The condensed liquid is sent to a liquid organic
destruction subsystem based on MEO technology. Solid residue from the desorber is transferred to the
primary stabilization unit where residue is grouted.

In the liqﬁid organic waste treatment subsystem, an MEO reactor converts the incoming organics

to gaseous products. The offgas from MEQ is treated by neutralization to remove chiorine, followed by
catalytic oxidation. Aqueous secondary waste streams generated by the recycling of spent electrolyte are
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processed in a fractionator unit. Solids recovered are sent to secondary stabilization. The dlstxllate is
condensed, and the sulfuric acid is separated and recycled.

This system has all the thirteen subsystems included in the baseline system plus an additional
liquid organic treatment subsystem. Most of the subsystems are the same as in the baseline system (A-1),
with the exception of the main thermal treatment, the main thermal treatment APC, liquid organic
treatment (MEO), and the primary stabilization subsystems. Also, the aqueous waste treatment subsystem
no longer has the organic liquid waste treatment function. This function has been transferred to a new
subsystem, the liquid organic waste treatment subsystem (the MEO process). Subsystems that are
different from the baseline system are described below.

Main thermal treatment. The main thermal treatment subsystem consists of a feed preparation
and characterization area, an indirectly heated thermal desorber, and the associated heating and feedstock
transfer equipment. The thermal treatment subsystem receives shredded combustible and noncombustible
solids and sludge. Organic liquid bypasses the desorber and is transferred directly to the organic liquid
waste treatment subsystem. The rotary thermal desorber volatilizes organics and water at temperatures of
500 to 600°F. The remaining solids, which includes organics that did not volatilize in the desorber, are
stabilized by cement grouting in the primary stabilization subsystem. The temperature of the desorber is
kept below the melting point of most plastic materials to avoid creating excessive chlorinated gas, but
high enough so that it volatilizes most organic compounds.

Main thermal treatment APC. The APC subsystem uses dry sintered metal filtration, two
stage condensation, carbon and HEPA filtration followed by catalytic oxidation of noncondensable gases.
The main purpose of the APC system is to condense water and volatile organics for treatment in the
organic liquid waste subsystem. Following the desorber, gas enters the metal filter for removal of
particulates. The offgas is passed through a heat exchanger designed to condense mercury for transfer to
the mercury amalgamation subsystem. The second stage heat exchanger condenses water, and volatile
organics for treatment in the liquid organic waste treatment subsystem. The remaining offgas passes
through carbon and HEPA filters. Noncondensable gas and remaining volatile organics such as methane
are combusted in a catalytic oxidizer, before discharge to the atmosphere.

Liquid organic waste treatment. The liquid organic waste treatment subsystem consists of
feed characterization and batching tanks, electrolyte circulation tanks, mediated electrochemical oxidation
reactors, offgas treatment by neutralization and catalytic oxidation, and associated pumps and
instruments. The liquid organic feed from the condenser following thermal desorption is blended with
other liquid organic waste streams. Electrolyte is recycled from the electrochemical reactors. Sulfuric
acid/cobalt sulfate electrolyte and water are continually supplied to the circulation tank. The ratio of
input waste feed to recirculating electrolyte is approximately 2% by weight. .

" The MEO reactors operate at 50 to 60°C and atmospheric pressure. The electrolytic cells are
packaged into modular units. An electrolyte solution of cobalt sulfate and sulfuric acid is recirculated
through a series of cells in the MEO unit at rates of up to 100 gpm. Electrical energy is supplied to the
anode and cathode. The oxidized metal mediator acts as the primary active oxidizer to destroy organics.
The cobalt is transformed from Co®* to Co** + €. The metal ion reacts with organic species or water to
produce a reactive intermediate such as the hydroxyl radical, which also oxidizes any organic material. A
side stream of the electrolyte solution is bled off to prevent buildup of inerts and to recycle sulfuric acid.

Offgas is generated at the cathode (primarily H,) and at the anode (primarily CO,, Cl, from
chlorocarbons and small amounts of O,). The anode stream is put through a caustic scrubber to convert
the chlorine to hypochlorite. Both offgas streams are put through a catalytic oxidizer to react the
hydrogen with air to form water and to destroy any volatile organics that may vaporize from the MEO
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reactor. Additional air must be added to the catalytic oxidizer to control the heat generated by the
hydrogen oxidation reaction.

Primary stabilization. The primary stabilization subsystem receives desorbed solids from the
main thermal treatment subsystem, and other solid waste from the receiving and preparation subsystem.
The stabilization process may be classified as macroencapsulation, which meets EPA requirements for
stabilizing solid wastes that fall under the debris rule.

4.19 System L-1: Thermal Desorption and Supercritical Water Oxidation

The thermal desorption step is similar to system K-1. The organic liquid is destroyed in a SCWO
reactor, which is a low-temperature, high-pressure water oxidation process. Several vendors have
developed or are in the process of developing this approach.

In the liquid organic waste treatment subsystem a SCWO reactor using the properties of
supercritical water oxidizes organic waste to gaseous products. Supercritical water is water at a
temperature above 705°F and a pressure above 218 atm. Supercritical water has properties different from
those of subcritical water. Organic compounds that are normally immiscible in water are miscible in
supercritical water. Inorganic compounds, such as salts, are almost completely insoluble in supercritical
water. These properties allow a quick and complete oxidation of organic waste in the reactor vessel.
Hydrogen peroxide or pure oxygen is used as the oxidant in the reaction. Salts formed from the inorganic
elements that are ubiquitous in most waste streams either precipitate out of the supercritical water or are
removed as offgas. This gas is normally not acidic in nature and requires minimal further treatment
before it can be discharged. Continuous emission monitoring is performed before the offgas is
discharged. The precipitated salts are stabilized before disposal.

Most of the thirteen subsystems are the same as in the baseline system (A-1), or system K-1, with
the exception of the main thermal treatment, the main thermal treatment APC, liquid organic waste
treatment (SCWO), and the primary stabilization subsystems. Also, the aqueous waste treatment
subsystem no longer treats organic liquids. This function has been transferred to a new subsystem, the
liquid organic waste treatment subsystem (the SCWO process). However, the size of the aqueous waste
. treatment subsystem will remain the same as the baseline system because of the added duty of treating
liquid waste effluent from the SCWO process. Subsystems that are different from the baseline system are
described below.

Liquid organic waste treatment. The liquid organic waste treatment subsystem consists of
feed characterization, feed and additive pressurization, the SCWO reactor, and two treatment trains for
liquids/solid separation and offgas air pollution control. Input waste to this system consists of organic
liquids and organic sludge. Organic sludge is filtered to an acceptable size for the SCWO process.
Optimal performance is achieved when the maximum particle size in the waste stream is about 100 um.
Material exceeding the 100 um limit is sent to primary stabilization.

The SCWO reaction process consists of three subprocesses: feed preparation, reaction, and air
pollution control. In the feed preparation step, the reactants are pressurized above 218 atm and heated
above 705°F. Products from the oxidation reaction include H,0, CO,, and inorganic salt precipitates.
Salts are separated from the aqueous phase in an agitated thin-film filter and evaporator. The inorganic
salts are sent to the secondary stabilization subsystem while the offgas is further treated by activated
carbon adsorption and HEPA filtration. Liquid from the thin-film filter is polished using activated carbon
and ion-exchange resins, and is then tested. Next, it is either recycled or sent for further treatment to the
aqueous waste treatment subsystem.
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Process Flow Diagrams of All Systems
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Figure 4-4. Rotary Kiln: PFD for Dry and Wet Air Pollution Control Subsystem with Salt Recovery (System A-6).




PROCESS OUTPUT

P MAIN THERMAL TREATMENT AIR POLLUTION CONTROL SUBSYSTEM
~C_ WTER

i

1

i

:

|

I

WATER  >—(8) | |
| |
!

L

o

I

I

STAINLESS STEEL
\ l MOIST DRY

OFFGAS TPFEhs
MIST .
CHARCOAL NOx ABATEMENT TREATED
— | CHARCOAL | PREFILTER | HEPA > F—> ELIMINATOR] 4 (IF REQUIRED) ‘J_(l D= oFroas )
| FINAL I
{ACTIVE) QUENCH ACID )
COOLER o | ! 70 ATMOSPHERE
SCRUBBER | ,
CHARCOAL \
HARCOAL | PREFILTER | HEPA - ©) )
o | DRY-TREATED I ,
OFFGAS ! :
(IN‘PLACE STANDBY SYSTEM) SCRUBBER I )
LIQUOR | ,
SUMP | X
SCRUBBER LIQUOR |
BLOWDOWN [ i
e —— e —— —— e o s —— —— s — — — — s —— — I
o e e
| SALT RECOVERY SUBSYSTEM !
l I 613) 2 HCL >I F—(5)—» DRIED SALTS >
1
| | s
- T ABILIZA N
I ] CONCENTRATOR |—~1 peonveny ORYER | !
i
] | - | G)—s NAGH D
1 i RECYCLE TO MAIN
I ' WATER @—> RECYCLEI THERMAL APC
& -_————-— e —— — — — ——— — SPENT
ACTIVATED
CARBON
TO MERCURY
AMALGAMATION

FLYASH

TO PRIMARY
STABILIZATION

BOTTOM
ASH/SOLIDS

TQ PRIMARY
STABILIZATION

METAL

'

TO METAL MELTING

@ ® ® @ © ® ® 3
~

-]

sce ASH/ ADDITIVE | INFILTRATION SALT RECOVERY SCRUBBER : ORIED N
SUBSYSTEM LIQUOR HeL NaOH WATER |- N

OFFGAS SOLIDS SOIL AIR 3 BLONDOWN SALTS 5
o

21,423 1,188 495 2,695 FLOW RATE  (LB/HR) 13,480 140 78 13,226 0.24 =
—

[==]

® ® ® =
SCRUBBER | SCRUBBER/ | TREATED =
L1QUOR COOLER OFFGAS i OFFGAS 8.
BLOWDOWN WATER s
o

13,480 2,253 20,241 38 38 &
8

Y

<

&

=

L.




PROCESS INPUT

(ENTRAINED
CONTAMINATION)

FROM
RECEIVING AND
PREPARATION
SUBSYSTEM

NGN-
COMBUSTIBLE
SCLID WASTE

FROM
RECEIVING AND

t
i
i
I
|
|
|
|
|
|
WETALLIC WASTEN_ |
H
!
]
t
t
|
|
1
i
i

SUBSYSTEM

AIR

INFILTRATION
AIR

ADDITIVE OR
CONTAMINATED SOIL

1
1
PREPARATION i
1
|

FEED

PREPA-

RATION

(COARSE
SHREDDING)

FROM
RECEIVING AND
PREPARATION
SUBSYSTEM

FEED
CHARAC-
TERIZATION

SCC
OFFGAS

SLAGGING
ROTARY
KILN

SECONDARY
COMBUSTION

ORGANIC
LiQuIDps
FROM

PREPARATION
SUBSYSTEM

NATURAL
GAS

FLYASH

FROM AIR
POLLUTION
CONTROL

I
1

I

I

!

1

i

1

1

t

- i
RECEIVING AND |
'

1

!

1

¥

1

1

1

!
SUBSYSTEM I
!

8) SLAG/SOLIDS

{6 —<  FUEL

SCC
OFFGA

S

QUENCH
COOLER

co
3 o

OLE
FG

BAGHOUSE

FLY

NOTES:

1. SECONDARY WASTE INPUT FROM
VARIOUS SUBSYSTEMS NOT SHOWN.

2. ADDITIVE OR CONTAMINATED
SOIL = 50% OF INERT MATERIAL IN FEED.

3. TRACE METALS REMOVED FROM OFFGAS IN THE
AIR POLLUTION CONTROL SUBSYSTEM ARE
ROUTED TO SECONDARY STABILIZATION AND
NOT SHOWN ABOVE.

MAIN THERMAL TREATMENT
SUBSYSTEM

O

SORTED
NON-COMBUST1BLE
SOLID WASTE

@

SORTED
COMBUSTIBLE
SOLID WASTE

©

ORGANIC
Liquips

FLOW RATE {(LB/HR) (SYSTEM A-7)

1.340

609

. 51

MAIN THERMAL TREATMENT
AIR PQLLUTION
CONTROL SUBSYSTEM

@

SCC
OFFGAS

®

QUENCH
WATER

®

COOLED
QFFGAS

FLOW RATE (LB/HR} (SYSTEM A-T)

27,561

15,425

42,985

PRIMARY STABILIZATION
SUBSYSTEM

O

SLAG

@

PACKAGED
SLAG

FLOW RATE (LB/HR) (SYSTEM A-7)

1,691

1,691

Figure 4-5. Slagging Rotary Kiln: PFD for Main Thermal Treatment, Air Pollution Control, and Primary Stabilization Subsyste:




PROCESS QUTPUT

QUENCH
WATER

MAIN THERMAL TREATMENT AIR POLLUTION. CONTROL SUBSYSTEM

et

/7 causTIC
SOLUTION

i
o NOx TREATED
CHARCOAL | pREF [LTER | HEPA e DL TEE ABATEMENT—@‘L:” OFF GAS >
FINAL |
QUENCH OFF GAS | 70 ATMOSPHERE
CACTIVE) COOLER AND ACID | !
SCRUBBER CAS !
oL SCRUBBER ‘ :
.
HARCOAL | PREFILTER | HEPA | ,
TERED * !
FGAS ( IN-PLACE STANDBY SYSTEM) RECIRCULATION ‘
LIQUOR l i
SUMP SCRUBBER :
L1QUOR
[ ) | o | scruseer
&) | r | LIQUOR
| T0_AQUEQUS
| | WASTE TREATMENT
1 SUBSYSTEM
I
— > FLYASH >
I
| TO MAIN THERMAL
_—_—— - ——_— - — — — — — ——— ¢ TREATMENT
_ | | SUBSYSTEM
PRIMARY STABILIZATION SUBSYSTEM l : '
|
i
: .
]
STABILZED
() SLAG COOLING PACKAGE O— | ' WASTE
| | 10 CERTIFY AND
- e = | SHIP SUBSYSTEM
]
I
LIC WASTE
Yo SLAG/SOLIDS ADDITIVE INFILTRATION
AINED AR NATURAL GAS il
MINATION) , OFFGAS SOIL AIR FLYASH
149 6,107 17,314 27,561 1,831 564 2,695 423
CAUSTIC SCRUBBER/
(50% SOLUTION) L1QUOR WATER S
8
2.559 423 156 18,592 2,181 26,304 &
<L
Q
=
o
Fod
-4
3
~
4
b
Lo
Q-
&
-
&
(System A-7). =
[

a1 i




PROCESS INPUT

Ll
!
i
!
{
i
{
!
1
I
|
f
!
| l
!
i I
! —@—
l I QUENCH
Ir_____________________________________________ l sce ’ WATER
: ‘ m—! ,OFFGAS .
: MAIN THERMAL TREATMENT SUBSYSTEM —(O———=  ‘ooieR
SCC
] | OFFGAS | ’
I | | COOLED
} \ OFFGAS
: ‘ PYROLYZER | l
G e —@- ) e ]
r
| -
D s.C.C. l |
: ‘ l | BAGHOUSE FILTERE
OFFGAS
b VITRIFIER OXYGEN I l
! OFFGAS
I l INFILTRATION o l
) AlIR e ’
I -
: : { I 3)  FLYASH
. |
SORTED D CHARACTER= INDIRECTLY VITRIFIER
o HEATED | ——(6)—» WITH —_——
COERIE HGEPLRTIE) 1ZATION PYROLYZER OXYGEN LANCE l L
FROM b ] l
RECEIVING AND | T f
PREPARAEION | | v !
SUBSYSTEM /
I (D —~ g (3)-
| ‘ QXYGEN 3) BLENDI:‘JG {8) I o
I
I l ADDITIVE |
I I SOIL
i l
bl
i
i
SORTED NON-
COMBUSTIBLE -1 (2)
| HASTE ! ~
FROM {
RECEIVING AND |
PREPARATION |
SUBSYSTEM |
I
NOTES:
[ SORTED AND CATEGORIZED @ @
1. ALL INPUT SOLID WASTE MUST BE
AS EITHER COMBUSTIBLE OR NON-COMBUSTIBLE SOLIDS. LS SEENLIE IR SUESSiTEL VIR ] ChEEeD
2. ADDITIVE SQIL = 50% OF THE FEED TQ PRIMARY FLOW RATE( LB/HR) 1,495 1,495
STABILIZATION. . @ @
MAIN THERMAL TREATMENT SORTED SORTED NON-
3. TRACE METALS REMOVED FROM OFFGAS IN THE AIR SUBSYSTEM COMBUSTIBLE | COMBUSTIBLE
POLLUTION CONTROL SUBSYSTEM ARE ROUTED TO WASTE WASTE
SECONDARY STABILIZATION AND NOT SHOWN ABOVE
(SEE GENERAL MASS FLOW RATES). FLOW RATE {LB/HR) 609 1,340
MAIN THERMAL TREATMENT @ @
CONTROL SUBSYSTEM OFFGAS WATER
FLOW RATE (LB/HR) 2,397 1,411

Figure 4-6. Pyrolysis: PFD for Incineration, Air Pollution Control, and Primary Stabilization Subsystems (System B-1). |

32



PROCESS OUTPUT

MAIN THERMAL TREATMENT AIR POLLUTION CONTROL SUBSYSTEM

QUENCH

SCRUBBER/
e COOLER 7 |
WATER [ l
&) CAUSTIC
&) SCRUBBING
CAUSTIC SCLUTION l
SOLUTION
\ \ SATURATED (
OFFGAS |
MIST
CHARCOAL > NOy ABATEMENT |
HARCOAL | PREFILTER | HEPA [ orsr | ELIMINATOR (IF REQUIRED) __f_@_l_. T >
_ FINAL OFFGAS |
(ACTIVE) QUENCH ! s
Crive COOLER VT PACKED l p T AT
ol SCRUBBER [
CHARCOAL | PREFILTER | HEPA ,
e I
FINAL QUENCH
(IN=PLACE STANDBY SYSTEM] DRY-FILTERED l .
OFFGAS SCRUBBER SCRUBBER }
LIQUOR L1QUOR
~ e ——® >
SUMP
|
l | TO AQUEQUS
| WASTE TREATMENT
l | SUBSYSTEM -
|
SO |
|
|
e FLYASH
| TO PRIMARY
e e [ STABILIZATION
| [ SUBSYSTEM
PRIMARY STABILIZATION SUBSYSTEM | !
| , ,
l |
I |
|
) I || STABILIZED
L‘———-@———————- SLAG COOLING »  PACKAGE O | i WASTE
L | 10 certiFy
l | AND SHIP
o .
i
{
) ® ® ® @ ® @ 8
ADDIT IVE RGANIC VITRIFIER N
EN sce INFILTRATION | PYROLYZER VITRIF IER 0 VITRIF IER N
F SQL1DS SOIL L1auIns OXYGEN ot
OFFGAS AIR (SEE NOTE 2) sLAG UrFeas o
&
«L
4 2,397 224 96 498 1,495 51 23 485 e
(=3
® ® ® @ ® =
SCRUBBER/ z
ED FILTERED CAUSTIC SCRUBBER TREATED z
AS OFFGAS FLYASH SOLUTION CooLER LIQuoR OFFGAS &
Rong
~
= o
8 3.785 23 156 2,181 4,683 1,433 5
-
2
&
-
=




PROCESS INPUT

FLYASH

FROM APC

MAIN THERMAL TREATMENT SUBSYSTEM

scC |
OFFGAS

()
—&F

/

QUENCH
WATER

\

ORGANIC
LiQuIps

ELECTRICALLY
HEATED
S.C.C.

AND PREPARATION
SUBSYTEM

\

l
l
I
I
|
l

AR ]

|
|
|
|
|
i
FROM RECEIVING :
!
|
!
t
|
|
|

SORTED FEED CHARACTER FPULRAN%AE
CU“EUSHBLE PREPARAT 10N 1ZATION [™] HEATED
ASTE = PYROLYZER

FROM RECETVING b |
AND PREPARATION
SUBSYTEM

ADDITIVE
SOiL

NON-
COMBUSTIBLE
WASTE

FROM RECEIVING
AND PREPARATION
SUBSYTEM

METAL

FROM RECEIVING

|
|
|
|
|
!
I
1!
D
|
I
I
_J

b o A N A _

QUENCH
COOLER

COOLED
OFFGAS

BAGHOUSE

FILTERED
OFFGAS

FLYASH

AND PREPARATION
SUBSYTEM

@

INGOT
MOLDING

NGTES:
1. ADDITIVE SOIL = 50% OF THE FEED T0Q
PRIMARY STABILIZATION.

2. TRACE METALS REMOVED FROM OFFGAS

®

@

IN THE AIR POLLUTION CONTROL SUBSYSTEM FLOW RATE (LB/HR)

ARE ROUTED TO SECONDARY STABILIZATION
AND NGOT SHOWN ABOVE.

PRIMARY STABILIZATION SUBSYSTEM SLAG PACKAGED
SLAG
1,450 14450
N THERMAL TREATMENT SUBSYSTEM SORTED NON- '
MAIN THERMAL COMBUSTIBLE | COMBUSTIBLE |  METAL
WASTE WASTE
FLOW RATE (LB/HR) 609 1,340 149 .6.
MAIN THERMAL TREATMENT AIR POLLUT[ON‘ <:> <:> (:)
CONTROL SUBSYSTEM ScC COOLED FILTERED FL
OFFGAS OFFGAS OFFGAS
FLOW RATE (LB/HR) 7,339 10,888 10,800

Figure 4-7. Plasma Furnace: PFD for Incineration, Air Pollution Control, and Primary Stabilization Subsystems (System C-1). |




PROCESS OUTPUT

QUENCH
WATER

MAIN THERMAL TREATMENT AIR POLLUTION CONTROL SUBSYSTEM
;

/ CAUSTIC

e .
5 SCRUBA ING
‘ ~ \ SOLUTION
| CAUSTIC MIST
CHARCOAL | PREFILTER | HEPA SOLUTION £LI | NOx ABATEMENT
MINATOR TREATED
FILTER _  INAL UMFOFIGSATS {IF REQUIRED) —l_()——l—>‘ n
, QUENCH
(ACTIVE) COOLER/ ACID | :~ 0 ATMOSPHERE
SCRUBBER GAS e I i
CHARCOAL SCRUBGER !
HARCOAL | pREFILTER | HEPA | | !
ORY-TREATED SR | |
(IN-PLACE STANDBY SYSTEM) ' (¢FGAS LUt i
»| SCRUSBER -+ i SCRUBBER
L [oUOR |
sump | | 70 AQUEOUS
| WASTE TREATMENT
| I SUBSYSTEM
l
| |
|
e e
1
i FLYASH >
S SR !
‘ ] I 70 PLASMA
PRIMARY STABIL1ZATION SUBSYSTEM ' } FURNACE
l x
; | !
} —( i i
| SLAG COOLING PACKAGE 2> ! : ~ STﬁSQ;ézED
| I } T6 CERTIFY
‘ | AND SHIP
o |
Lol casT
I 7] METAL
|
| TO CERTIFY
| AND SHIP
I
® ® @ ® g
pé
AODITIVE sce CAST ORGANIC FLYASH N
SOIL OFFGAS SLAG METAL L10UIDS ~
(SEE NOTE 1) I
o
482 7,339 1,450 170 51 88 3
b=y
a
® ® @ ® z
CAUSTIC SCRUBBER TREATED SCRUBBER/ z
SOLUTON QUENCH e g
(50% NaQH) L IQUOR OFFGAS WATER WATER ;
- w
156 6.371 6,762 3,549 2,181 =
=]
Y
=
5
-t
-

{




PROCESS [INPUT

MAIN THERMAL

QUENCH :

MAIN THERMAL TREATMENT SUBSYSTEM ~  scc | | st W
QUENCH

COOLER

FLYASH

NATURAL
GAS ‘ID

FROM AIR POLLUTION

(
CONTROL SUBSYSTEM CQOLED

CFFGAS

ORGANIC
LIQUIDS -

|
!
;
|
l 5.C.C.
i

FROM RECEIVING :
|
|
|
!
|
1
i

AND PREPARATION

SUBSYTEM DRY FILTER 1y 1eRep

i
I
|
|
|
| BAGHOUSE OFFGAS
|
|
|
l
|

@

FEED OXYGEN
COMBUSTIBLE PREPARATION CHARACTER—_> PLASMA -
SOLID WASTE {COARSE Tl IZATION FURNACE
SHREDDING) e -

FROM RECEIVING
7

AND PREPARATION

SUBSYTEM FLYASH

ADDITIVE OR
CONTAMINATED
SGIL

i

| I

|

l

@__l_}_@‘ (SEE NOTE 1)

WASTE |

|

|

|

|

T

l

FROM RECEIVING
AN PREPARATION
SUBSYTEM

METALLIC
WASTE
(ENTRAINED
CONTAMI-

NATION)

— — . —— —— — — — ———C—— — —— ———— e—— ——— —— — ——tr— st sttt semrerd
FROM RECE [VING ! BT

AND PREPARATION —(®— METAL

SUBSYTEM

NOTES: ' @ @

1. ADDITIVE OR CONTAMINATED SOIL = 50%

OF THE FEED TO PRIMARY STABILIZATION. PRIMARY STABILIZATION SUBSYSTEM SLAG PACKAGED
2. 90% OF RECOVERED LIME IS RECYCLED T0 SLAG
THE ABSORBER. 10% OF RECOVERED LIME
ol e 1 LY TE W/ 0 | e
3. TRACE METALS REMOVED FROM OFFGAS IN THE @ @ @
AIR POLLUTION CONTROL SUBSYSTEM ARE ROUTED MAIN THERMAL TREATMENT
TO SECONDARY STABILIZATION AND NOT SHOWN ABOVE. el I COMBUSTIBLE NON- METALLIC WASTE
SOLID WASTE | COMBUSTIBLE {ENTRAINED
WASTE CONTAMINATION
FLOW RATE (LB/HR) 609 1,340 149
MAIN THERMAL TREATMENT @ @ @
AIR POLLUTION sce COOLED FILTERED
CONTROL SUBSYSTEM OFFGAS OFFGAS OFFGAS

FLOW RATE (LB/HR) 3,039 4,772 4,684

Figure 4-8. Plasma Furnace, CO, Retention: PFD for Main Thermal Treatment, Air Pollution Control, and Primary Stabilization
34




PROCESS OUTPUT

1
|
|
|
|
!
I
|
|
|
|

EATMENT AIR POLLUTION CONTROL SUBSYSTEM ross

|
» FILTER @ | WASTE
MAKE-UP LIME >—(5) ‘ 12 WATER

WATER l

.

|
D 10 aquEous

| WASTE TREATMENT
|

|

!

NCH SOL10S

TER CONDENSER |—an| FRESSURE i
CYCLONE CONTROL

REHEATER , Ny+0; Ny .0, MAIN sTREAM |

SIDE 7 OFFGAS
+ STREAM

SUBSYSTEM

g

TO PLASMA
FURNACE

CaC03 w-{COMPRESSOR

‘ BAGHOUSE | |FLUIDIZED e
COML | PREFILTER | HEPA BED CO; STRAGE

+ ABSORBER !

|
|
l
_____ ® COOLER DELAY Ll sawpLER |
l
|
|

DRY
GFFGAS

(ACTIVE)

DRY
SCRUBBER

TANKS
COML | PREFILTER | HEPA Hp0 } ;
CONTINUOUS
HEPA A 0) »| TREATED
(IN-PLACE STANDBY SYSTEM) & FILTER|  fuontToRInG T oFFGAs
i
LIME Coz | T0 ATMOSPHERE
SLAKER DESOREER BAGHOUSE ? | ,
GAS ’ |
|

Ca0 QUENCHER
STORAGE @
(SEE NOTE 2) 19 |

!
|
|
|
|
|
!
|
|
|
|
|

:

| SPENT
LIME/SALT

J

SOLIDS

TQ SECONDARY
STABILIZATION
SUBSYSTEM

»~  FLYASH

J

TO MAIN THERMAL
TREATMENT
SUBSYSTEM

PRIMARY STABILIZATION SUBSYSTEM

| STABILIZED
WASTE

T0 CERTIFY AND
SHIP SUSBSYSTEM

CAST
METAL

TO CERTIFY AND
SHIP SUBSYSTEM

1 SLAG COOLING = PACKAGE {D—

d

b

0, ® ® @ ® @

ADDITIVE OR Scc CAST ORGANIC NATURAL FLYASH
f GEN com%rﬂmo OFFGAS SLAG METAL L10U10S GAS

225 482 3.039 1,450 170 51 210 88

0 ® ® @ ® D, @ ®)

QUENCH MAKE -UP SCRUBBED ne IREAT SPENT RECYCLE EEYELER
ASH 3 ED . WASTE
WATER LIME OFFCAS LINE/ LIME Ui
OFFGAS SALT (SEE NOTE 21|  WATER

8 1,732 173 505 3,078 1,836 233 1,554 2,110 57 427

02/22/95

WATER

bsystems (System C-2).

FILENAME: PFD-B37.DGN PLOT DATE:




PROCESS INPUT

1
|
|
|
|
|
I
|
I
|
l
|
|
|
|
|
|
|
|
|
|
|

———
I._—— T 1 QUg
WA
] MAIN THERMAL TREATMENT SUBSYSTEM FUMMCEI | Fumnace
OFEGAS | OFFGAS e
(D—» H
FLYASH ! y ¢ l ! J COOLER
FROM APC | [ | l
COOLED
| l OFFGAS
ORGANIC L 5 ]
LIQuIDS I [ 2 |
FROM RECE VING : ] |
AND PREPARATION
SUBSYTEM : | _sTem >~ | |
! ‘ BAGHOUSE
L FEEDT . FPLRASMCAE » : !
COMBUSTIBLE i PREPARATICN CHARACTER-| _ URNA
; (COARSE ™ T TZATION HEATED
S LT | SHREDD ING) o PYROLYZER | |
FROM RECEIVING | | 1 7 |
AND PREPARATION l
SUBSYTEM L !
! ADDITIY&%?B ! l
CONTAMIN
| | SOiL ® l |
|
| : | o
|
NON-
COMBUSTIBLE . (2)
WASTE ! | ~ |
FROM RECELVING | | l
AND PREPARATION !
SUBSYTEM CAST
: | METAL I
METALLIC { l |
WA
(ENTRAINED f } ©),
CONTAMINATION) i O S |
FROM RECEIVING |
AND PREPARATION
SUBSYTEM :
i
Ni R
ore O, @
1. ADDITIVE OR CONTAMINATED SOIL = 50% ;
OF THE FEED TO PRIMARY STABILIZATION. PRIMARY STABILIZATION SUBSYSTEM SLAG PACKAGED
T
A UTION CON U M ARE RO
TO SECONDARY STABILIZATION AND NOT SHOWN ABOVE. FLOW RATE (LB/HR) 1,452 1,452
MAIN THERMAL TREATMENT COMBUSTIBLE NON=
AL SOLID WASTE | COMBUSTIBLE METAL oF
FLOW RATE (LB/HR) 609 1,340 149 1
MAIN THERMAL TREATMENT <:> (:) <:>
AIR POLLUTION FURNACE
QUENCH COOLED FIL
CONTROL SUBSYSTEM OFFGAS WATER OFFGAS OF
FLOW RATE (LB/HR) 1,159 1,189 2.348 2

Figure 4-9. Plasma Gasification: PFD for Main Thermal Treatment, Air Pollution Control, and Primary Stabilization Subsyste




PROCESS OUTPUT

MAIN THERMAL TREATMENT |
AIR POLLUTION CONTROL SUBSYSTEM ShusSTIC |
I SCRUBBER I
WATER [
CHARCOAL DI-é:{\(T—E wETG ASC 0
TREATED A
»-| CHARCOAL |PREFILTER | HEPA > TREATEL . ® || , SE?L&SE%R>
— & 1
. (ACTIVE) | TO AQUEDUS
|LTERED : | | WASTE TREATMENT
JFFGAS . I | SUBSYSTEM
(D [
CHARCOAL |
o FILTER PREFILTER | HEPA l i

|
TREATED >
{ IN-PLACE STANDBY SYSTEM) AR ()—=  THERMAL ‘ OFEFGfS

XIDAT
OXTDATION TO ATMOSPHERE

FLYASH

‘

TO MAIN THERMAL
TREATMENT
SUBSYSTEM

PRIMARY STABILIZATION SUBSYSTEM

1
|
[ SLAG COOLING PACKAGE -2
\

O
. | STABILIZED
WASTE
10 CERTIFY AND
L SHIP SUBSYSTEM

CAST
METAL

TO CERTIFY AND
SHIP SUBSYSTEM

g

[74)
R ~
® ® @ ® g
ADDITIVE STEAM CAST ORGANIC FLYASH &
S S0IL SLAG METAL Lrautos S
(SEE NOTE) .
wl
) 484 60 1,452 170 51 88 5
® ® @ ® © @) @
CAUSTIC
0 FLY DRY-TREATED | SCRUBBED SCRUBBED SOLUTION TREATED AR SCRUBBER z
ASH OFFGAS OFFGAS LIQUOR  |(50% SOLUTION)  OFFGAS WATER 3
[T
a
88 2,256 1,632 2,960 156 11,886 10,254 2.181 &
a.
E
S
Bystem C-3).. w

i



i
PROCESS INPUT |
i
{
I ———— e — ———————— e ———— ——— —y
|
| MAIN THERMAL TREATMENT SUBSYSTEM |
| ‘ —
i ‘ I ‘-_
1
N | ] MAIN THERMAL
| 4 n
I
]
I l / I |
!
FILTRATION
\ ! IN ILAIR @ l !
!
: l
| | | ; QUENCH
{
SORTED i FEED CHARACTER » IXED sce LA
COMBUSTIBLE PREPARATION ATION | s1zE | pyiaRto orrcrs ||
! REDUCED (5) () QUENCH
FROM RECEIVING I SOLIDS COOLER
AND PREPARATION |
SUBSYSTEM N [ ] .
1 COOLED HA
ORGANIC . D\ | | OFFGAS i
L10U1DS ' ) ¥ secoomy || l
l [ COMBUSTLON
FROM RESE[VING | i l I
AND PREPARATION |
SUBSYSTEM | l A ! | o
{
N ORY FILTER
! | AL —5) | BAGHDUSE | grpons’  L—
L
] |
| BOTTOM
; ASH/SOLIDS I |
i | NON-
| comisTiaLe || 1) FLYASH
NON- 1
COMBUST IBLE DRYER »  BLENDER (8) [ ]
LT i SOIL AND l I
FROM RECEIVING | ) ASH MIXTURE
AND PREPARATION | | !
SUBSYSTEM | l | }
| ADDITIVE > ©
i ! SOIL |
! | ' SoiL |
1 N
}
k R
i l
i
o |
L
|
{
{
{
i
s O ] @] 0] ©@ | ®
1. 10% OF LIME IS DUMPED TO e THSEURB%AYLSTTER&ATMENT COMBUSTIBLE [ oo iiyoy o1 ADOLTIVE OXYGEN NATURAL
STABILIZATION. WASTE WSTE | (ske So%z 3) GAS e
2. 90% OF LIME S REGYCLED.
T S FLOW RATE (LB/HR)- 560 1,340 499 1,130 1
" FEED TO PRIMARY STABILIZATION. ©) @ ) @ ®
4. TRACE METALS REMOVED FROM OFFGAS MAIN THERMAL TREATMENT
sl i, | e s | gan | vumm | e | osee )
ARE ROU NDA Y FFGA OFFGAS QOFFGAS WATER
STABILIZATION AND NOT SHOWN ABOVE. CLL SUEsoi) OFFGAS 3
FLOW RATE (LB/HR) 6.196 10,421 10,397 24 4,225

'Figure 4-10. System D, Fixed Hearth with CO, Retention: PFD for Incineration and Air Pollution Control Subsystems (Syste

%6



PROCESS OUTPUT

!
I
]
I
i
|
|
!
e I
—
I
\TMENT AIR POLLUTION CONTROL SUBSYSTEM ! |
|
|
I
FiLrer |EFOAS | | WASTE
2
MAKE-UP L IME >—(6) CATER & [ WATER
I
| S0L10S | o suecus
WA ATMENT
] > CONDENSER [—a={ FRESSURE | 1 Stesvsed
— = CYCLONE l
REHEATER Ny.0 Ng:Og MAIN STREAM | 1
- SIDE Q) . OFFGAS
I ‘ STREAM ) e [
T0 PLASMA
CaCO3 COMPRESSOR |
] BAGHOUSE | |FLUIDIZED STORAGE l I FURNACE
PREFILTER | HEPA BED CO; |
ABSCREER ‘ 1
(ACTIVE) ORY ! : |
: |
OFFOAS U omy | L ® COOLER DELRY Lsmi SAMPLER ,
SCRUBBER , | |
L | PREFILTER | HEPA Hz0 A |
HEPA L TO) L | TREATED
IN-PLACE STANDBY SYSTEM) ‘ FILTER|  |yon i roRine ] OFFGAS

TG ATMOSPHERE

D Y ]
LIME o2 7 ?
SLAKER DESORBER BAGHOUSE — I

Cal QUENCHER
SPENT >
SOLIDS SToReE © | : LIME/SALT
(SEE NOTE 2) HATER >—(19) | 7O SECONDARY
i \ ! | STABILIZATION
1 | . SUBSYSTEM
1
| !
!
| !
|
i T » FLYASH >
{
_J i TO PRIMARY
o e e e e e e | STABILIZATION
!
i
st ASH/SOLIDS >
i
: 70 PRIMARY
| STABILIZATION
I
—_— |
SOIL AND ORGANIC | INFILTRATION
AS | ASH/SOLIDS | aoy MixTURE | L1QUIDS AIR 2
o~
o~
96 36 1,496 51 224 S
-
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Figure 4-11. Thermal Desorption: PFD for Incineration, Thermal Desorber, and Air Pollution Control Subsystems (System E-1
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Figure 4-12. Molten Salt Oxidation: PFD for Main Thermal Treatment,-Air Pollution Control, and Salt Recycling Subsystems (
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Figure 4-13. Molten Salt Oxidation: PFD for Primary Stabilization Subsystem (System F-1).
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Figure 4-14. Molten Metal Waste Destruction: PFD for Main Thermal Treatment, Air Pollution Control, and Primary Stabiliz
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Figure 4-15. Steam Gasification: PFD for Primary Stabilizat@on Subsystem (System H-1).
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Figure 4-.1 6. Joule-heated Vitrification: PFD for Main Thermal Treatment, Air Pollution Control, and Primary Stabilization Subs
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Figure 4-17. Thermal Desorption and Mediated Electrochemical Oxidation: PFD for Main Thermal Treatment and Air Pol
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Figure 4-19. Thermal Desorption and Supercritical Water Oxidation: PFD for Main Thermal Treatment and Air Pollution




PROCESS QUTPUT

e
TABILIZATION SUBSYSTEM | }
| PACKAGED
PACKAGING (@) | i GROUTED
| WASTE
| 10 cerTiFY o
| | SHIP SUBSYSTEM
——— e ————
NTROL SUBSYSTEM | |
AIR (1) l
CHARCOAL | HEPA _ |
FILTER FILTER | |
CONTINUQUS
SECONDARY THERMAL TREATED
CONDENSER —&—1 oxIpaTION AIR OFFOAS
MONTTORING |
CHARCOAL HEPA _ | 10 ATMosPHERE
FILTER FILTER |
! 1 CONDENSED
| ORGANIC
| L10U1DS
| |10 o QRGANIC
LIQUID WASTE
| | TREATMENT SUBSYSTEM
I | MERCURY
[ LU wase
J | TO MERCURY
——— ]| TREATHENT SUBSYSTEM
|
DESORBED | DESGRBER
SOLIDS OFFGAS FLY ASH
1,550 399 NEGLIGIBLE
L | CONDENSED NON- @
) FILTERED TREATED 8
i L1QUID CONDENSABLE AR S
ORGANICS GASES e EFALE S
(=]
358 40 40 196 236
PACKAGED
GROUTED
WASTE
4,650

ntrol Subsystems (System L-1).

FILENAME: 0527/PFD-MTTP.DGN PLOT DATE:

45




PROCESS INPUT

—_.__-..__—___——__-..*

AQUEQUS
ORGANIC
L1QUIDS

FROM RECEIVING

SUBSYTEM

1

|

AND PREPARATION :
|

1

FROM RECEIVING

FILTER

AND PREPARATION
SUBSYTEM

CONDENSED
ORGAN{C

L1QUIDS

FROM MAIN THERMAL
TREATMENT AIR

SEE NOTE 1

WATER

FEED

1

PREPARATION

POLLUTION CONTROL
SUBSYTEM

REACTOR
FEED
PREPARATION

FUEL

PRESSURIZE

OX1DANT

PRESSURIZE

NaOH

h v 5

PRESSURIZE

®

REACTOR
VESSEL

COOL ING

HEAT EXCHANGE

PRESSURE
LET DOWN

NOTES:
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Figure 4-20. Thermal Desorption and Supercritical Water Oxidation: PFD for Organic Liquid Waste Treatment Subsystem (
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5. MODELING OF MAIN TREATMENT SUBSYSTEMS —
DESCRIPTIONS AND RESULTS

5.1 Background

Initially, for Phase 1, mass and energy balances were done by simpler, less rigorous methods.
Also, the database for calculating the input waste streams included only about half of the total contact-
handled MLLW in the DOE complex. For Phase 2, the database was expanded to the full quantity, with
the exception of the Hanford tank waste and the Rocky Flats Plant solar pond liquids, which are being
addressed elsewhere using other processes that are more sui<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>