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VOLUME REDUCTION PHILOSOPHY AND TECHNIQUES IN USE OR PLANNED

Thomas H. Row

INTRODUCTION

Siting and development of nuclear waste disposal facilities Is an
expensive task. In the private sector* such developments face siting
and licensing Issues, public Intervention, and technology challenges.
The United States Department of Energy (DOE) faces similar challenges
in the management of waste generated by the research and production
facilities. Volume reduction can be used to lengthen the service life
of existing facilities. A wide variety of volume reduction techniques
are. applied to different waste forms. Compressible waste 1s compacted
into drums, cardboard and metal boxes, and the loaded drums are super-
compacted into smaller units. Large metallic items are size-reduced
and melted for recycle or sent to shallow land burial. Anaerobic
digestion is a process that can reduce cellulosic and animal wastes
by 80%. Incinerators of all types have been investigated for application
to nuclear wastes and a number of Installations operate or are
constructing units for low-level and transuranic solid and liquid
combustibles. Technology may help solve many of the problems in
volume reduction, but the human element also has an Important part in
solving the puzzle. Aggressive educational campaigns at two sites
have proved very successful in reducing waste generation.

This overview of volume reduction 1s intended to transfer the
current information from many DOE facilities. A companion document
to be left with you has complete copies of the referenced material and
original photographs of much of the material presented today. The
information is correlated with the topic areas of this paper, and
contacts 1n the United States are noted to aide in obtaining additional
information.



COMPACTION

"Volume reduct ion has become an increas ing ly important aspect of
rad ioac t ive waste management a t both DOE and commercial s i t e s in the
l a s t few y e a r s . Available disposal space i s l imi t ed , and s t a r t - u p of
new s i t e s wil l be a time-consuming process . In the commercial s e c t o r ,
compaction has become a standard p rac t i ce a t most s i t e s . Barnwell
a l l o c a t e s each u t i l i t y a c e r t a i n volume of waste each month, so
compaction allows the generator to dispose of a g rea te r amount of waste
in the same a l l o c a t i o n . The cos t savings to the u t i l i t i e s a re minimal,
s ince Barnwell has a weight surcharge; however, the f ac t t h a t they can
dispose of an increas ing amount of waste within t h e i r p resent a l l o c a t i o n s
is Invaluable.

Three types of compaction units are available commercially at the
present time. Drum compactors use 55-gal drums as containers and compact
waste into them. Box compactors are basically the same except they use
boxes of approximately 100 cubic feet as containers. The so called
"super compactors" compact drums of waste even further for disposal 1n
other drums or boxes. Drum and box compactors develop pressures of 30-40 ps1,
while the "super compactors" operate at about twice that pressure." [1]

To assess the potential benefit of volume reduction by compaction at
a large DOE installation the burial ground records were examined for the
years 1979 through 1983. For this preliminary evaluation combustible waste
with measurable activity and suspect-level non-combustible waste were
considered compactible. (Suspect-level combustible waste was assumed to
have gone to the incinerator.) The combustible waste was estimated to
average a 4:1 volume reduction ra t io ; non-combustible waste was estimated
to have a volume reduction ratio of 2 :1 . Table 1 shows the resul ts .

From Table 1 1t is apparent that compaction can result in significant
volume reduction of plant wastes. Given this potential, a number of DOE
sites are using compaction devices. A summary is given in Table 2.

COMPACTOR BALER

Oak Ridge National Laboratory

The Solid Waste Compactor F a c i l i t y was designed and constructed for
the r e c e i p t and processing of general low-level (beta gamma <200 mi l l i r ems /h r
and alpha slOOyCi/kg) r ad ioac t ive compactible waste u t i l i z i n g a Model DHBS -
2 HR ba le r manufactured by Consolidated Baling Machine Company of Brooklyn,
New York. [2] The baled waste 1s pe r iod ica l ly disposed of by trench bur ia l
in Solid Waste Storage Area 6 (see Fig. 1 ) .

The Solid Waste Compactor Fac i l i t y i s located in Solid Waste Storage
Area 5, along the entrance road j u s t south of a present o f f ice 1n Building 7804.
This i s in the Melton Valley, somewhat removed from the main Laboratory s i t e ,
which i s in Bethel Valley. The compactor i s a se l f -conta ined commercial un i t
modified by the manufacturer to DOE s p e c i f i c a t i o n s ; i t i s double-wailed, with
integral filtering and air handling systems.



Table 1. Effectiveness o f Compaction on Low-Level 8eta-Gamma Waste
(Units in Cubic Feet per Year)

Year Combustible Non-Combustible Compacted
Vol me

Volume
Reduction

1979
1980
1981
1982
1983

100,000
130,000
135,000
190,000
235,000

100,000
110,000
120,000
150,000
160,000

75,000
88,000
94,000

113,000
140,000

125,000
152,000
161,000
227,000
255,000

Table 2, Summary of Compaction Use

Site

Nevada Test S i te

Oak Ridge National Laboratory

Los Alamos National Laboratory

Fermi Laboratory
Pantex Plant

Argonne National Laboratory

Mound Facility
Savannah River Plant
Rocky Flats Plant

Hanford

Y-12 Plant

Paducah Gaseous Diffusion Plant

Compact into

Cardboard Metal
Boxes

X

X

X

X

Boxes

Planned

Planned

Drums

X

X

X

X

Compact
Drums

X

X
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An upright hydraulic compactor rated at 50 tons compressive force was
purchased for this facility (Fig. 2). It is a Model DHBS - 2 HR baler
from Consolidated Baling Machine Company of Brooklyn, New York, and has a
chamber capacity sufficient to produce a nominal 1/2 cu yd bale (37 1/2 in.
by 20 9/16 in. by 29 11/16 in. high).

The machinery is contained in a metal housing with a stainless steel
tray for a floor; with walls, ceiling and doors designed as far as possible
for ease of cleanup; with door latches, electrical interlocks, and with
complete air handling system (fan, motor, controls, duct work, roughing
filter, high efficiency filter, and differential pressure indicators across
both filters). This housing is designed to withstand a differential air
pressure of 5.5 in. of water without detectable deformation of the housing
or malfunctioning of working parts.

The ventilation system (5 hp motor, fan capacity 2600 cfm at 6 in. water
pressure differential) exhausts air from within the chamber to the outside
through two prefliters (24 in. by 24 in. by 2 in.) and two HEPA filters
(24 in. by 24 in, by 11 1/4 in.); total filter opening is 24 in. by 48 in.
These filters are preceded upstream with a coarse screen to trap larger
paper. An alarm with adjustable set points is installed on each set of
filters for sounding alarm when a preset pressure drop across the filters
is reached. A1r flow is 2500 cfm minimum with a maximum of 5 1/2 in. water
pressure drop. Installed HEPA filter efficiency is 99.95% for 0.3 micron
mean diameter polydispersad DOP particles.

The unit has provisions for banding a completed bale while still in
the chamber under compression (air flow velocity of 100 ft/min through open
door), has a separate hydraulic bale ejector system with independent controls,
and a 5-ft removable roller conveyor for removing the completed bale (Fig. 3).
Completed bales are removed from the building by forklift and disposed of in
trenches (Fig. 4).

Los Alamos National Laboratory

Los Alamos National Laboratory (LANL) installed a compactor baler made
by Consolidated Baling in 1977 (Figs. 5 and 6). [3] The baler gives a 5:1
volume reduction producing 200 to 250 kg bales. An average of 30,000 ft3

of low-level waste 1s processed by this facility. The historical record of
volume reduction is given in Table 3. [4]

Large objects, like tanks, are cut open and filled when placed in the
trench for disposal. Other waste is compacted by heavy equipment used to
place the daily dirt cover.

Argonne National Laboratory

Argonne National Laboratory (ANL) uses a baler device to obtain a
4:1 volume reduction for low-level waste, as is shown in Fig. 7. [5]



***» BALER WITH PACKING CONTAINER.
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Table 3. Waste Compaction at Los Alamos National Laboratory

Year

1977 (Apr-Dec)

1978

1979

1980

1981

1982 •

1983

Volume
Compacted

fa?)
649.4
924.3

725.8

649.2

829.1

787.3

857.0

Compacted
Volume

(m3)

125.3

176.2

148.9

130.2

171.6
162.8

177.0

Reduction

5.2:1
5.3:1
4.9:1
5.0:1
4.8:1
4.8:1
4.8:1
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LARGE METAL BOX COMPACTOR

Hanford

A low-level solid waste compactor sized to compact waste into a
Container Products Corporation B-25 reinforced container is to be installed
at the Hanford Plant, Richland, Washington, by January 1985. [6] A
hydraulic ram with 60,000 pounds of force wi l l achieve an expected
compaction ratio of 10:1 (see Fig. 8). The primary containers to be
compacted wi l l be either C-mil thickness sealed bags or 18 x 18 x 24 in .
cardboard cartons. The loaded primary containers wil l weigh less than
50 pounds with an extension surface reading of s200 millirem/hr. Approxi-
mately 25% of the low-level waste generated at the Hanford site is
compactible. The containers for this compactible waste must also meet
the definition of fissile-exempt.

The B-25 container is constructed of 14 gage ASTM A569 low-carbon,
hot rolled steel with exterior dimensions of 51 3/4 in . high by 46 13/16 1n.
wide by 72 13/15 1n. long (Fig. 9). The capacity of this container is 90 f t 3

and the empty tare weight 1s 445 pounds. The containers qualify as strong,
tight containers and at least one generation of the containers has been
tested and approved in accordance with DOT 7A performance specifications.
The finish is a zinc chromate interior and exterior primer and an alkyd
exterior paint.

The empty B-25 container is loaded Into the compaction chamber; the
container is loaded with bags and boxes of low-level waste and compacted.
This is continued until the container is f u l l , at which time the I1d is
applied and the B-25 container is steel banded and secured with integral
locking clips. The container is then monitored to meet administrative
control of 500 millirem/hr maximum surface reading.

Materials specifically excluded from compaction are:
• materials that would react exothermically i f co-mingled with some other

materials, such as certain organics and ni tr ic acid, oxidizing agents,
etc.;

• compressed gases, such as aerosol cans; and
• volatile materials, materials with a relatively low flash point, metal

fines, etc.
Personnel are required to wear protective clothing when in the compactor

area. Air exhausted from the compactor unit wi l l be fi l tered through at least
two HEPA f i l t e r stages, and the air exhausted from the compactor room wi l l be
fi l tered through at least one HEPA f i l t e r stage before release to the
atmosphere. Conventional stages of lower pressure from exterior to compactor
room to compactor are requ'red to assure that air normally flows into, not
out of, zones of higher radioactive contamination potential.
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Savannah River Plant

The Savannah River Plant (SRP) plans to purchase a large box
compactor unit similar to that selected by Hanford (Fig. 10). [7]
SRP plans to modify the exhaust system filtration to reduce personnel
exposure during compactor operation. The cost of the compactor is
estimated at about $150,000. SRH estimates the reduced space requirement
1n the burial grounds will effectively cause the unit to pay off in less
than a year. '

The compactor will be tested in the TNX area prior to permanent
installation. An important part of this test will be the development of a
materials handling system that allows major reduction in the amount of
waste material that must be handled by operators during the unloading/transfer
process to the compactor. This appears to be the major source of radiation
exposure to operatorsr Operation is anticipated in early 1986.

DRUM PRESS

Presses for packing radioactive waste into drums are commercially
available and used at facilities such as the Fermi Accelerator Laboratory,
the Pantex Plant, and the Nevada Test Site (NTS). Presses of this type
are widely used by the nuclear research and power generating industries.
A typical press is shown 1R Figs. 11-13. [8] Thfs unit is in use at the
Pantex Plant.

The unit provides an indexing platform for the drum to be loaded,
a hood that covers the drum top during the compaction stroke, and a filter
system to retain any material liberated during compaction.

As of April 1, 1984, low-level waste generated at NTS is compacted
into 83- or 55-gal drums using an industrial compactor, Fig. 14. [9]
Approximately 35 drums are generated per year with a volume reduction of
7:1. This represents about 20% of the low-level waste generated. The
compaction cost is approximately $18,000.

The compaction of alpha-contaminated waste has been studied at Mound
Laboratory since 1975. [10] Drum presses Identical to the units used at
Pantex have been applied to the compaction of low-level and transuranic (TRU)
waste. The difference between the low-level waste drum and the TRU drum is
the 0.090 in. rigid plastic Uner with a separate lid in the drum used for
TRU waste. The two compactors were each located in a room having stainless
steel walls and ceilings with a vinyl-epoxy coated concrete floor. The
TRU compactor room is equipped with a remotely controlled sprinkler system
to wash down the room and compactor should there be a contamination problem.
Waterproof lighting fixtures and compactor switches were installed and all
electrical gear associated with the compactor moved outside the room. This
decontamination capability greatly enhanced the utility of the TRU compactor.
The volume reduction ratios for the compactors range between 3.5 to 4:1. A
number of other test results are available from the Mound study. [10]



B-100 COMPACTOR
CONTAINER PRODUCTS CORPORATION, WILMINGTON, NC

TYPICAL OF THE COMPACTOR TO BE PURCHASED FOR THE SAVANNAH RIVER PLANT.
FIG. 10
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INSTALLED DRUM PRESS.
FIG. 12

FIG. 13

DRUM PRESS WITH DRUM IN PLACE FOR COMPACTION AND EXHAUST HOOD IN PLACE.



J Compactor for LLW"placed in 83- and 55-gal steel drums - Nevada Test Site.

FIG. 14
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DRUM COMPACTOR

Drum compactors are used at several sites where an excessive number
of metal drums accumulate because of process requirements. The Y-12 Plant
in Oak Ridge has a drum compactor located in the disposal area for compaction
before disposal in trenches.

The Paducah Gaseous Diffusion Plant also compacts drums but is retaining
the metal for possible recycle.

HEPA FILTER PRESS

All nuclear research and production facilities use a large number of
HEPA filters during operation. These filters are bulky and take up considerable
space in disposal. The Rocky Flats Plant at Golden, Colorado, uses enough
filters that a volume reduction technique was needed. [11] The results of
their design have generated a unique compaction device which may have wide
application at other sites. Figure 15 shows the punch/compactor used to
initially punch the filter media core out of the wooden frame into a lower
chamber where the material is compressed into a cube. The volume reduction
is probably 5:1. The filter frame is mechanically disassembled and the
compressed filter media and frame placed in larger boxes (Fig. 16) for
disposal.

CRATER DISPOSAL

The NTS in Southeast Nevada has 1350 square miles available for research,
testing, and waste disposal. [9] This large area and the existence of unique,
man-made craters provide NTS with an unusual waste disposal option (Fig. 17).
Bulk contaminated items such as tower debris and military equipment (trucks,
cranes, etc.) are placed in a large subsidence crater (U3AX) and covered with
earth (Fig. 18). This crater is of sufficient size to accommodate all waste
of this type projected fro the immediate future. Therefore, it is not cost-
effective to consider size reduction techniques that would allow placement
of the bulk waste in trench disposal areas (Fig. 19).

SIZE REDUCTION

Gloveboxes, ductwork, and other large apparatus normally must be size
reduced to allow trench disposal, reduce subsidence in trenches, and f i t
into specially sized containers for unique handling, such as the Waste
Isolation Pilot Plant (WIPP) certif ied TRU containers. Several faci l i t ies
have been built to handle gloveboxes using plasma-arc torches.
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This large subsidence crater (U3ax) is used for disposai of on-site generated low-level
bulk radioactive waste such as scrap metal and other large contaminated debris.
The craters are formed when cavities created underground by nuclear detonations
collapse. Several craters are in the background.
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LARGE CONTAINED FACILITIES

Rocky Flats Plant

An Advanced Size Reduction Faci l i ty (ASRF) at Rocky Flats is now in
the construction phase. The f a c i l i t y w i l l be used to section plutonium-
contaminated gloveboxes and miscellaneous equipment to a size which can
be easily handled and disposed of 1n approved waste containers. Central
Research System 50 Master/Slave Manipulators and Programmed and Remote (PaR)
Manipulators w i l l be ut i l ized to remotely s t r ip the gloveboxes and
miscellaneous equipment of their removable components and appendages. A
plasma-arc torch handled by a wall-mounted PaR model 3000 manipulator w i l l
size reduce the glovebox to the desired sizes. The nominal capacity of
the f a c i l i t y w i l l allow processing of one glovebox (< 1.8 by 2.4 by 3.0 m
in dimensions) per eight-hour sh i f t , result ing in a greater than 50%
reduction of waste shipping volume. [12]

Completion of the project, which costs approximately $10 mi l l ion , is
scheduled in 1984. The f a c i l i t y was planned and constructed to represent
state-of-the-art in size reduction f a c i l i t i e s . A fu l l y contained, remote
operation w i l l process 900-1200 l inear meters of glovebox l ine in the near
future. The goal is to complete size reduction of one glovebox per sh i f t .

The ASRF is constructed of 6.1 x 6.1 m modules, as shown in F1g. 20. [12]
The in ter ior surface is stainless steel , completely covering the remote cel ls
and up to 6 f t on the walls of the manual disassembly and air lock areas.
Windows include an 0.63 cm leaded glass sheet for worker protection.

Remote handling is provided by PaR and Central Research manipulators.
A PaR 6000 manipulator is bridge-mounted in the high bay remote disassembly
and cutt ing area. A 4.5 tonne hoist is provided in the same bridge. A
traveling beam j i b crane is used to transfer from the manual disassembly
area to the remote area. A wall-mounted PaR 3000 manipulator is used to
handle the plasma-arc cutt ing too l . Eight Central Research System 50 Master/
Slave manipulators are used for remote disassembly of glovebox components.

The gloveboxes are transported to the ASRF in plywood boxes and placed
in the manual disassembly area where parts are removed unt i l the f i r s t exposed
contamination is indicated. The unit is sealed at this point and moved
immediately through the air lock Into the remote disassembly area. Here the
PaR 6000 and System 50 manipulators are used with pneumatic and electr ic
tools to further remove items from the glovebox. Two positioning tables
in this area assist in the movement of the glovebox to better locate 1t
for item removal. The capacity of the tables is 4.5 tonne each. Upon
completion of remote disassembly, the glovebox is moved through doors into
the cutt ing area (Fig. 21). The doors are provided to minimize smoke
transfer from the cutt ing process. Cutting is accomplished with a
Thermo-Dynamics PAK 45 plasma-arc torch positioned within the PaR 3000
manipulator. As before, the glovebox is supported by a positioning table.
The torch w i l l use an 80-20 mix of argon-hydrogen to reduce smoke
generation. Cut pieces w i l l be moved by the PaR 6000 manipulator.

Cut pieces are placed on a tressel that leads into the steam cleaning
glovebox where a Turco water impingement steam cleaning system is used.
Once cleaned, the pieces are moved to the bagout area where they are
loaded into a plast ic- l ined 1.2 x 1.2 x 2.1 m metal waste box for storage
as TRU waste.
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Savannah River Plant

The Equipment Reclamation and Retirement Facility (ERR) is a Savannah
River Laboratory TRU waste management facility to be constructed by 1989
for decontamination and size reduction of bulky TRU waste. [13] This
facility is needed to prepare waste in an acceptable size for WIPP
certification or disposal as low-level alpha waste. A companion facility,
the Plutonium Waste Incinerator (PWI), is discussed in the Incineration
Section of this paper. These two facilities share a number of support
facilities (Fig. 22). Final design is not available at this time.

The ERR includes an assay area, unpacking room, decontamination cell,
size reduction cell, and repackaging area (Figs. 23 and 24).

Waste moving into the ERR will first be assayed to validate the
generator-supplied inventory numbers. The equipment planned for this
area represents state-of-the-art TRU assay equipment. Once assayed, the
waste is unpacked from the shipping container and airlocked into the
decontamination cell where the items are decontaminated (Figs. 25 and 26).
Some material may be removed at this point through inflow bagout. Those
items requiring size reduction will be transferred to the sectioning area
(Figs. 27 and 28). The size-reduced material then exits the facility into
WIPP-certified boxes or low-level waste containers.

Equipment and manipulators for the ERR will probably be very similar
to that used in the ASRF at Rocky Flats, discussed In the previous section.

Los Alamos National Laboratory

A Transuranic Waste Size Reduction Facility (SRF) has been constructed
at Los Alamos National Laboratory (LANL). [14] The purpose of the facility
is to reduce the size of large objects such as gloveboxes so that they will
fit into a WIPP standard container. Criteria for eventual acceptance of
TRU waste at the WIPP facility include limitations on the size, weight,
and design of waste containers. The SRF was designed 1n 1977 and operations
started in late 1983 (Fig. 29).

The SRF is housed In a 45 x 52 ft building. The SRF enclosure module
(30 by 15 ft) is located inside the building (Fig. 30). Air handling for
the facility is designed to flow toward the area of greatest contamination,
resulting in negative pressure in the building interior and the enclosure
module.

The enclosure design provides four distinct functional areas: airlock,
disassembly, cutting, and bagout areas (Fig. 31). The airlock permits
loading contaminated items to be processed. When the Item has been picked
up by the enclosure bridge crane, 1t Is moved to the disassembly area and
placed on the 11ft table (Figs. 32 and 33). Here manual disassembly of
parts occurs. The item is then moved to the cutting area where a plasma-
arc cutting torch is used to size reduce the material as needed. A Thermal-
Dynamics Corporation Torch, PAK-44, 1s used for this work. The material is
now moved to the bagout module (F1gs. 34 and 35). This module provides
WIPP-approved steel boxes and PVC bags for disposal containers.
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The enclosure has a stainless steel Interior with curved edges to
aid in decontamination. There are provisions for COg fire extinguishers
to be used for minor fires that may result from the cutting process.
A water-deluge system is also available for the full enclosure. This
system is automatically activated by a (190°F) thermal detector in the
enclosure ceiling.

The disassembly module uses mostly hand tools operated through
gloved parts. The plasma-arc torch is operated by a mechanical device.
The bagout process is crane-assisted on larger pieces of material.

In experience Identical to that of the Waste Experimental Reduction
Facility at Idaho National Engineering Laboratory (see the section on
"Metal Processing")* nitrogen torch gas produced excessive smoke that
rendered the ventilation system electrostatic precipitator and roughing
filter inoperative in a matter of minutes and the HEPA filters plugged
for one day. A change to argon reduced the smoke considerably, but
fusing of molten metal in the slit made by the torch cut often prevented
separation of the pieces. Addition of hydrogen (6%) reduced this problem
somewhat. An increase to 20% hydrogen provides marginally adequate
cutting. Cutting of glovebox material where 0.25 in. of lead is
sandwiched between stainless steel proves troublesome. The plasma-arc
required three passes to cut the material because the torch secondary
gas pressure was not sufficient to "blow" the molten lead clear of the
cut.

In full operation, the SRF should process one to two standard glove-
boxes per week with a 4:1 volume reduction. The capital cost of the
facility was $875,000.

Idaho National Engineering Laboratory

The Stored Waste Examination Pilot Plant (SWEPP) and the Process
Experimental Pilot Plant (PREPP) at the Idaho National Engineering
Laboratory (INEL) are designed to certify presently stored TRU waste for
shipment to WIPP. [15] As much of the waste as possible will be certified
without modification. That TRU waste requiring processing will be sent to
PREPP.

Title II design is completed on PREPP and construction has started.
The cost of the SWEPP facility is $5 million; PREPP, $21 million.
Experimental processing is scheduled to start in 1986 1n PREPP.

The PREPP facility contains a shredder, rotary kiln, incinerator,
trommel, and grouting facility (F1g. 36). TRU waste will be shredded,
run through a rotary kiln, and into a trommel. The fines from the trommel
will be mixed with a tailored grout and the resulting product drummed.
The product drum will be returned to SWEPP for certification.
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TEMPORARY CONTAINED FACILITY

Argonne National Laboratory

The decommissioning oa a plutonium research fuel-fabrication
facility (Fig. 37) at ANL generated a need for an innovative approach
to size reduction. [16] A total of fourteen gloveboxes with all internal
and external equipment and associated ventilation systems were assayed,
disassembled, and size reduced to fit WIPP-approved containers. The
project cost was approximately $2.2 million.

The Plutonium Fabrication Facility (PFF) contained a wide variety
of equipment used in the 15-year program on fuel. This ranged from a
30,000 pound shear to a furnace and* to an extrusion press that weighed
100,000 pounds. The size of the gloveboxes also varied because each had
a unique job to do. The size variation from 12 to 100 ft long, 3 to 10 ft
high, and 3 to 6 ft wide ranges added to the challenge of the decommissioning
job. However, the longer units were composed of 6-ft modular units bolted
together. All interior apparatus was removed using the gloves on the box
and bagged out for disposal. The interior surfaces of the boxes were
decontaminated and painted with several coats of latex paint to help
retain the remaining activity. The 6-ft modules were moved one at a time
into the temporary plastic enclosures (Figs. 38-42) where they were
mechanically cut into pieces that fit a standard ANL M-III bin. The
operating personnel used disposable protective clothing and supplied air
during disassembly.

The plastic enclosure used for the work area was constructed of 20-mil
plastic hung on a metal frame with seams either heat-sealed or double-taped.
The enclosure was connected to a 3000 cfm double-HEPA filtered exhaust system.
Only 650 cfm was needed when all doors to the enclosure were shut. However,
certain operations required some of the doors to be open and the full flow
was applied on these occasions. The enclosure was developed initially as
a demonstration unit but was used successfully through the entire campaign.

SHREDDER FACILITY

Oak Ridge National Laboratory

Oak Ridge National Laboratory (ORNL) currently does little size reduction;
most large objects are put in low-level waste trenches in Solid Waste Disposal
Areas. The amount of suitable land for opening new low-level waste trenches
is limited and a new Central Waste Disposal Facility is currently under
development. Size reduction equipment has been purchased to provide for
better use of remaining and new trenches and to reduce the subsidence
problems associated with larger burial items. [17] A new high-volume
shredder is an important part of this new operating philosophy. The
shredder (Figs. 43 and 44) cost is approximately $150,000.
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THE SHREDDING CHAMBER
OF THE MODEL AZ-80

THE SET-UP SHOWN IS CALLED

2 + 2 + 2 {2 KNIVES + 2 SPACERS

+ 2 KNIVES). THE WIDTH OF THE

KNIVES AND SPACERS AND THEIR

CONFIGURATION IN THE CHAMBER

DETERMINES THE PARTICLE SIZE

AND PRODUCTION RATE.

MODEL AZ-80
CAN BE EQUIPPED WITH THE NEW AUTOMATIC KICK-OUT DEVICE WHICH
REJECTS UNSHREDABLES FROM THE CHAMBER.

(PATENT NO. 4247056)

PERFORMANCE SPECIFICATIONS AZ-80

Hp.

Motor

Voltage*
Hertz
Inside Dimension
Cutting Chamber
Shaft Diameter
No. of Knives & Hooks
Knife Thickness
Knife Configuration

2-40
Fully Enclosed

Fan Cooled
440

60

63x33

5-1/16
34 & 3
1-7/8

2 + 2 + 2

Height
Width
Length

Stand HeightT
Hopper Heightt
Hopper Openingt

Length
Width

Floor Space
Weight (Approximately)

24"
56"

150"
36"
35"

69"
70"

60"x 150"
12,000 lbs.

Dimensions (Machine Only) Dimensions shown are nominal and subject to change. If dimen-
sions and/or specifications are critical, please consult factory.

Machines manufactured under U.S. Patent Nos. 3845907,3880361,3981455, 4247056 and others pending.
tStand and hopper dimensions can be altered to fit customer specifications.
Hopper dimensions will vary with application.

758 INDUSTRIAL DRIVE
BENSEIWILLE, ILLINOIS60106
PHONE: 312/595-8850

DISTRIBUTOR:

136 COMMERCIAL AVENUE
WOOD r " E, ILLINOIS60191
PHON:. 3 • 2/595-3780 FIG. 44
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A new building is under construction to house the shredder at ORNL.
The Y-12 Plant 1n Oak Ridge also plans to purchase a shredder for size
reduction of waste. The shredder material will be baled for handling
(approximately 5000 pounds per bale). This material will also be sent
to the Csntral Waste Disposal Facility previously mentioned.

PLASMA-ARC TORCH DEVELOPMENT

Idaho National Engineering Laboratory

INEL is typical of large research organizations that operate research
reactors and large development projects. These facilities often generate
low-level waste in the shape of large metallic objects, such as fuel
storage racks, tools and tool storage fixtures, and piping and tanks.
Many of these items are contaminated to the degree that underwater cutting
for size reduction 1s desirable. INEL has a development program that will
provide a plasma-arc cutting tool capable of cutting, underwater, shapes
up to about 3 in. thick. [18] The temperature associated with the cutting
process ranges from 10,000 to 50,000 °F. A Thermal-Dynamics PAK-44
commercial torch was purchased and modified to fit the required use.

The development work was carried out 1n a 5000-gal tank (8 ft diam by
15 ft deep) as is shown in Fig. 45. A variety of metal shapes of aluminum,
stainless steel, and carbon steel up to 2 in. thick have been cut
successfully.

Operators wear respirators since the cutting process generates carbon
monoxide, which is released at rates of greater than 100 ppm.

Operation of the plasma torch on the end of a lony extension tool
requires considerable physical effort. Counterbalances and two operators
who switch jobs frequently are minimum requirements for operation.
Additional development of jigs and fixtures is needed for production
cutting (Fig. 46).

In the tank used, which had no recirculation cleanup of the water,
the cutting process created sufficient debris in 40 hr to require a
complete change of the water. Use of the torch in a storage canal or pit
will require that the water cleanup system is modified to accept this
additional load.

Visibility during the cutting process is also a problem. Underwater
television helps in initial alignment of the torch and the metal and in
examination of the cut made, but is not useful during cutting.

METAL PROCESSING

Machines, tools, gloveboxes, and other structures used 1n processing
nuclear materials are subject to surface and crevice contamination. Airborne
dusts of uranium and TRU compounds and low-level liquid-borne contamination
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are common sources of contamination. [19] The concerns for metal waste
management are the low-level contaminants and the extremely long half-lfves
of the TRU elements and the attendant necessity of preventing these
elements from entering the food chain.

Current trends are to treat even extremely low-level radioactively
contaminated material as hazardous waste, requiring burial in extensively
engineered and monitored shallow-land burial grounds to assure its
isolation. Items contaminated with TRU elements to a level more than
100 nCi/g are considered TRU waste and require retrievable storage for
eventual emplacement in a geologic repository. These relatively expensive
disposal techniques create Incentive to reduce the volume of waste.

Melting most metals under an oxidizing slag tends to decontaminate
the metal and concentrate the contaminant in the slag. The thermodynamic
principle underlying this behavior is that an alloying element will
partition between melt and slag such that at equilibrium its activity 1s
the same in each phase.

Items with simple geometry can sometimes be decontaminated and
certified as clean to the required level by direct counting and smear
techniques. However, larger and more complex shapes are impossible to
certify as clean to the required level because of inaccessible spots,
crevices, cracks, etc.

The ingot product of melting can be unform and thus can be accurately
tested for radionuclide content by a technique such as passive gamma
analysis. Thus, in aJdition to the simple volume reduction achieved by
transforming the metal to its most dense form, this ability to determine
the radionuclide content may permit some of the metal to be removed from
the waste stream entirely or downgraded to a less hazardous waste category.

Large quantities of radioactively contaminated scrap metal are
generated as waste streams from nuclear research and development and
uranium enrichment activities at facilities operating under contract with
DOE. [20] A number of ongoing activities are meant to address this problem.

METAL WASTE MANAGEMENT AT DOE-OAK RIDGE OPERATIONS (0R0) SITES [21]

As a result of the diffusion cascade Improvement and uprating programs
at the Oak Ridge Gaseous Diffusion Plant (ORGDP), a large quantity of
scrap metal contaminated with low-enriched uranium, technician-99, and trace
quantities of transuranics has been and is being accumulated. Small amounts
of these radioactive materials were deposited on the surface of the metal
In the gaseous diffusion process. Although the scrap metal has been cleansed
of gross deposits, complete removal of the residual contamination is not
feasible. Legal restrictions currently prohibit the sale of any material
containing enriched uranium or contaminated with mixed fission products;
however, this material is considered as a resource with potential economic
value and is stored above ground at the ORGDP. We are currently segregating
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the scrap i>y metal type, size reducing selected types of material as a
prerequisite to smelting in the future. The contaminated scrap metal
storage yard is a 22-ha (54-acre) tract on the northwest border of the
DOE reservation, adjacent to the Clinch River and in the floodplain of
the River. Because the metal cannot be to ta l ly decontaminated prior to
storage, a small quantity c f the radioactivity 1s leached and transported
to the Clinch River through ra infa l l and surface runoff. Data from a
two-year sampling program indicates that less than 0.2 Ci are transported
annually to the River. An aerial view of the scrapyard storage area prior
to the start of metal processing is shown 1n Fig. 47.

The project consists of the processing of approximately 29,000 tons
of contaminated ferrous and non-ferrous scrap. The scrap metal consists
primarily of carbon steel and aluminum with lesser quantities of other
ferrous and non-ferrous metals. Carbon steel comprises approximately
8952 of the total weight. Al l size reduction operations are accomplished
as much as practical with mechanical equipment. Torch cutting 1s used
as needed for i n i t i a l size reduction of the larger metal shapes. Light
gauge metal is oaled. Non-metals and other items of scrap not suited for
future smelting is segregated for disposal 1n an approved low-level radio-
active storage f a c i l i t y . The segregated steel scrap w i l l be reduced to
a maximum size of 46 by 91 cm (18 by 36 in. ) by a large metal shear (F1g. 48).
After size reduction, the metal w i l l be moved to designated storage areas
of the existing scrapyard. Segregation of the various metals w i l l be
maintained.

Through April 1984, a total of 7700 tons of metal has been segregated
for f inal processing. A large metal shear (1100-ton cutting capacity) is
being assembled onsite for f inal size reduction of the large metal shapes.
The current program is scheduled to continue through mid-1985, at which
time scrap metal from other DOE fac i l i t i es may be transported to Oak Ridge
for processing. At the conclusion of the sorting and size reduction
operations, the metal w i l l be smelted and cast Into specific ingot shapes
for use at other government instal lat ions.

NICKEL SMELTING AT THE PADUCAH GASEOUS DIFFUSION PLANT [20]

Smelting is used most extensively at the Paducah Gaseous Diffusion
Plant (PGDP), primarily for shape declassif ication. Smelting capabilit ies
at PGDP consist of a 6-ton Brown-Boveri Induction furnace, a reverberatory
furnace, and a d i rect- f i red drip melter. The la t ter two are used basically
for aluminum melting. The drip melter In particular is used for selective
melting of aluminum from uncontaminated composite scrap metal components
generated by the Y-12 Plant.

The induction furnace can handle ferrous and non-ferrous scrap. I t
has been used for production runs of nickel, aluminum, Monel, cobalt, and
most recently nickel-plated steel. The scrap Is melted and cast into 1-ton
ingots direct ly from the furnace by a hydraulic t i l t -pour mechanism. Ingots
are dumped from the molds when cooled and stored outside the building on
concrete pads. A pretreatment system is Installed to defluorinate the
uranium-contaminated nickel before smelting. This is done to minimize
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FIG. 48
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corrosion of the furnace liner. PGDP is operating a smelting campaign
with contaminated nickel to be completed in 3 to 4 years. The Paducah
smelting operations have already returned nearly $30 million to the
United States Treasury from the sale of uncontaminated metal ingots
(Fig. 49).

MELTER AT THE PORTSMOUTH GASEOUS DIFFUSION PLANT [20]

A direct-fired melter was also used at the Portsmouth Gaseous
Diffusion Plant for declassification of contaminated aluminum scrap.
The melter is operated in 3- to 9-month campaigns as required. Half-
ton ingots are produced and stored.

MELTER AT THE FEED MATERIALS PRODUCTION CENTER [20]

At the Feed Materials Production Center (FMPC) at Fernald, Ohio, a
bank of vacuum-induction melters was made available for decontamination
and size reduction of contaminated copper scrap. The copper scrap was
generated during upgrading of motors used in the diffusion process.
Copper motor windings are shredded, granulated, and air classified to
remove insulation. This also removes much of the contamination. The
copper is then loaded into an induction furnace along with about 1 wt %
crushed glass, which forms a slag and decontaminates the metal. In
product!on=scale experiments, about 120 tons of copper was processed Into
225-kg (500-pound) ingots, which are currently stored at the FMPC. Over
60% of the ingots met existing requirements for resale. This was probably
due to removal of much of the low-enriched uranium and trace technicium-99
with the wire insulation. Total uranium content was below 5 ppm in 99% of
the ingots (493 out of 498).

WASTE EXPERIMENTAL REDUCTION FACILITY AT THE IDAHO NATIONAL ENGINEERING
LABORATORY

A multipurpose facility has been brought into operation at INEL. [22]
The Waste Experimental Reduction Facility (WERF) is a waste processing
facility established at INEL to reduce the volume of low-level beta-gamma
contaminated waste. The facility is housed in a decontaminated and decom-.
missioned experimental reactor building (F1gs. 50 and 51).

The WERF will:

• size reduce metal at the rate of several hundred tons per year;

• melt metal and cast into ingots; and

• incinerate contaminated waste at a rate of 400 pounds per hour.
Metal objects make up one-third of the volume of low-level waste

being buried at INEL. The extension of burial ground l i fet ime by melting
this material was incentive enough to proceed with the f a c i l i t y .
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Most of the metal was slightly contaminated (<10 millirem/hr at
near contact), so significant cost reductions were made by designing
the facility for contact-handled waste with provision for stacked shielding
if needed. The facility has processed 150,000 pounds of contaminated
metal. The design and construction costs for sizing and melting were
about $2.5 million.

Containers of contaminated metal are brought to the WERF where they
are placed in the sizing room (Fig. 52). Operators in this room wear
full-time respiratory protection when sizing material. The containers
are opened and the metal sized to fit the Induction furnace crucible.
Plasma-arc cutting torches have been found to be the most effective size
reduction tool. Mechanical devices are too slow and have limited
applicability. Initial plasma-arc torch operation with nitrogen produced
excessive smoke. A change to 65% argon-35% hydrogen for the plasma gas
and argon as a blanket gas reduced smoke generation. Further experiments
are in progress to refine the cutting gas mixture.

Once the material is sized, it is placed 1n a seal able metal transfer
container and moved to the basement of the main building where the furnace
is located (Figs. 53-58).

Since this part of the building is designed for contact handling of
low-level waste, it has been designed for positive containment. Surface
finishes are also selected for ease of decontamination. The control
room is equipped with television monitors of the process area, and remote
hydraulic and furnace controls allow melting and pouring from the room.
The furnaces are vented to close-capture fume hoods operating at 2500 cfm.

When the sealed transfer container reaches the basement, it is inserted
into a lidded opening in the furnace room wall. A technician in forced-air
respiratory equipment and anti-contamination, heat protective clothing
unloads the metal and loads the furnace. The melting and pouring process
can be done remotely from the control room. Once an Ingot is poured and
cooled, it is removed from the mold, bundled four to a package, and sent
to the disposal site.

Points of interest arising from the facility shakedown are numerous.
The combination of requirements for protection of and communication with
the technician in the furnace room required innovation. The outer heat
protective clothing was modified to accommodate the anti-contamination
clothing worn underneath. The intercom headsets used by the technician
had to be modified because of electromagnetic interference induced by the
coreless induction furnace. The headsets currently used have ceramic
receivers and carbon element noise-cancelling microphones.

The radiant heat emitted during the ingot-pouring operation was
underestimated and a mold heat shield equipped with air exhaust was
added to alleviate the problem.

The closed-circuit television originally installed to view the crucible
directly experienced problems from emf noise from the furnace operation, and
a metal mirror was used to reflect the image to a new remote location for
the camera.
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Immersion thermocouples with replaceable heads were used to
measure the crucible temperatures after optical pyrometry failed to
perform as expected.

During initial melting operations, a number of sparks emanated
from the furnace through the metal port used for observation. These
sparks contributed to the particulate radioactive contamination in the
furnace room following melt operations. A hinged metal screen was added
to the metal port, stopping escape of practically all of the sparks while
still permitting an adequate view of the crucible.

Ferrous metals with sodium and zinc plating are operational hazards
that must be considered. The plating boils rapidly and can cause chugging
or ejecticni of molten metal from the crucible.

INCINERATION

Incineration is often referred to as an advanced volume reduction
system for alpha-, beta-, or gamma-contaminated combustible, solid and
liquid radioactive waste. An incinerator is a sophisticated device for
volume reduction that must address a wide spectrum of disposal needs,
such as hospital wastes, spent solvent, operating reactor radioactive
waste, defense industry residues, resins, organic liquids, etc. With
such a variety of needs, it is logical that we see a variety of
incinerators. This review can only draw upon those done by others, a
comprehensive overview of incineration if far beyond the scope of this
paper.

MOUND CYCLONE INCINERATOR

The cyclone incinerator burns combustible LSA waste in a standard
S5-gal drum. [23] This drum containing the waste is placed beneath a
specially designed hood. This hood is designed to introduce combustion
air tangentially to the inside surface of the combustion drum (Figs. 59
and 60). The waste is ignited initially with a propane burner; thereafter,
the combustion is self-supporting and proceeds at a rate of 60 pounds per
hour. The tangential flow of the inlet combustion air keeps the outer
surface of the drum relatively cool while the atmosphere Immediately at
the combustion surface is about 2000°F. This cyclonic action also
separates the larger ash particles from the gas stream. The incinerator
is equipped with a wet off-gas system.

This incinerator h*s proven its capabilities by burning over 20 to
30 tons of I.SA waste. Volume reductions of 98% and weight reductions of
90 to 942 were achieved. The cyclone is essentially maintenance free.
Although Mound's combustible waste has a very high chloride content, the
incinerator and off-gas system are remarkedly free of corrosion after
several years of operation. The modular design concept allows for easy
exchange of components if necessary. After burning for several years,
only the cyclone's hood needed replacement at a cost of $7000.

The cyclone incinerator is very forgiving. If non-combust1bles are
inadvertently mixed in with the combustibles, they will simply remain at
the bottom of the drum after the burn. A standard drum will be good for
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15 to 20 burns, while a stainless steel drum w i l l be good for about
100 burns.

The Mound cyclone incinerator is ideal for a small waste generator.
I t very e f f ic ient ly and economically volume reduces six to eight 55-gal
drums of waste per an eight-hour sh i f t . I t is very easy to operate and
has very low maintenance. The cost for I ts components are about
$150,000 to 200,000 including the off-gas system.

ROCKY FLATS PLANT FLUIDIZED-BED INCINERATOR

An 82 kg/hr demonstration flu1dized-bed incinerator was instal led
at the Rocky Flats Plant in 1978. [24] The specific objectives of this
design (F1g. 61) were (1) to reduce incinerator maintenance due to acid
corrosion and refractory or mechanical fa i l u re , (2) the production of a
non-refractory ash for easier plutonium recovery, and (3) the elimination
of secondary waste streams (aqueous scrubbing solutions, spent refractories,
etc.) that may require additional processing. The i n i t i a l waste to be
processed contained plutonium concentrations slO~3 g Pu per gram of waste.

The operating temperature of the incinerator is 550°C, which
eliminates the need for refractories. Acids produced during combustion
are immediately neutralized by sodium carbonate bed media. Ash is
continuously removed from the f luidized beds by e lut r ia t ion into the
off-gas stream, thus minimizing the accumulation of radioactive material
within the incinerator. A dry off-gas system is ut i l ized in l ieu of
aqueous scrubbing, eliminating a processing step.

The flu1dized-bed incineration (FBI) process consists of waste
preparation and feeding, primary incineration, afterburning, off-gas
cleanup, and ash disposal (Figs. 62 and 63). During operation, solid
waste drums are mated to an airlock for the transferral of waste into a
sorting glovebox. After removal of v is ible tramp metal, the waste is
coarse shredded and a i r classif ied to remove small non-combustibles.
I t is then pneumatically transferred into a f ine shredder, which empties
into a screw conveyor used to feed waste into the primary fluidized-bed
reactor. Liquid waste is pumped direct ly into the primary reactor during
l iquid operation. Partial combustion and pyrolysis in the primary bed
produce a hydrocarbon-rich off-gas that is burned to completion in the
fluidized catalyst afterburner. After startup preheating, waste combustion
maintains the operating temperature without the need for auxi l iary fue l .
Cyclone separation and sintered metal f i l t r a t i o n are ut i l ized to remove
ash and particulates from the off-gas before i t passes through HEPA f i l t e r s
and into the building exhaust plenum. Ash removed from the off-gas is
screw-conveyed from the incineration area to an adjacent ash disposal room.
Except for waste feeding and ash drum replacement, the process is operated
from a control room adjacent to the canyon-type equipment enclosure.

The FBI process has f u l f i l l e d the original objectives of the development
program as well as proving to be more versati le than was anticipated. In
addition to general plant wastes, a large variety of materials including
ion exchange resins, t r ibuty l phosphate (TBP), HEPA f i l t e r s , leaded glovebox
gloves, polychlorinated biphenyl (PCB), naphtha solvents, and waste chemicals
have been successfully burned.
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Two process procedures are recommended for future FBI installations.
The first is the simultaneous burning of solids and liquids. Recent FBI
tests have shown that a more steady-state operation can be maintained by
utilizing the uniform heat content of liquid wastes to stabilize the
incineration process while simultaneously burning solid waste.

A second recommendation 1s the separation of the solid waste feed
preparation from the incineration operation. If waste were sorted,
shredded, and stored in drums prior to incineration,* it would reduce
Incineration downtime, provide a more homogeneous feed mixture, and
better utilize operator manpower.

LOS ALAMOS NATIONAL LABORATORY CONTROLLED AIR INCINERATOR

In 1973, LANL began a study of production-scale [50-100 kg (110-120 pounds)
per hour] TRU waste treatment processes. A controlled air Incinerator (CAI) of
45 kg (100 pounds)/hr capacity was selected for development and engineering
demonstration. Nonradioactive (cold) testing of the CAI began in 1978, and
radioactive (hot) testing began 1n 1979. The CAI has been tested with TRU
and low-level waste since 1980. [25]

The CAI system had to be designed to handle waste orginating from
laboratories, processes, and construction. Table 4 shows the range of waste
compositions anticipated for these categories, based on an AEC Industry-wide
survey made by Los Alamos 1n 1973.

The center of the CAI process is a dual-chamber, commercially available
unit modified for TRU service. The LANL modified design acceptas a low-
density, combustible TRU waste and reduces it by a factor of up to 40:1 by
weight and up to 120:1 by volume, to produce a chemically stable dry product.
CAI components—a feed preparation and introduction train, an off-gas cleanup
system, a scrub-solution recycle system, and an ash-removal and packaging
station—function as follows (see F1g. 64).

The feed preparation train:
• assays feed material and

' removes any materials not suitable for combustion.
The off-gas cleanup system:
• removes particulates and acid gases from the effluent and
• conditions the gas stream for passage through HEPA filters before

discharge.
The scrub-solution recycle system:
• supplies liquids at required pressures to the off-gas system and
• treats these liquids for recycle and discharge.
The ash-removal and packaging system:
• transports residue from the incinerator to a hopper and
• places it in containers for disposal.
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Table 4. Anticipated DOE-Contractor Facility Typical Waste Compositions

Material

Papers and Rags

Plastics

Rubber

Lumber

Dirt and Concrete

Ketallics and Glass

Laboratory

10-60

5-60

5-30

—

5-50

(wt %)

Process

10-40

20-40

10-45

—

—

30-40

Construction

5-20

5-30

5-20

5-30

5-60

10-50



trt

© RECEIVING SLOTBOX
(?) MULTIPLE ENERGY GAMMA

ASSAY SYSTEM (MEGAS)
(D MiCRO-DQSE X-RAY SYSTEM
® SORTING GLOVEBOX
© STORAGE GLOVEBOX
(D SIDE RAM FEEDER
(D MAIN RAM FEEDER

(D COMBUSTJON FUEL/AIR SUPPLY 6LOVEB0X
(D iGNITlON CHAMBER
® SNTERCHAMBER
® COMBUSTION CHAMBER
© ASH CLEANOUT GLOVEBOX
® OFF-GAS SAMPLE PORTS
(g) QUENCH COLUMN
© H/QH ENERGY VENTURI SCRUBBER
© PACKED COLUMN SCRUBBER
®) OFF-GAS CONDENSER
© OFF-GAS SUPERHEATER

© H/GH EFFICIENCY PARTICULATE AIR FILTER (HEPA)
© PROCESS EXHAUST BLOWER
© VENT STACK
© PROCESS SUMP SOLUTION TANK

cc
E

J MESSIMER

WX-4-IL-0059

CONTROLLED-AIR TRANSURANIC WASTE INCINERATION PROCESS



85

SAVANNAH RIVER PLANT ELECTRIC CONTROLLED-AIR INCINERATOR

A full-scale (5 kg waste/hr) controlled-air incinerator [the
Incinerator Components Test Facility (ICTF)] was tested with simulated
waste as part of a program to develop technology for incineration of
SRP solid TRU wastes. [26] This unit was designed specifically to
incinerate relatively small quantities of solid combustible waste contami-
nated up to 1 mC1/g of 238Pu. Automatic incinerator operation and control
were incorporated into the design, simulating the future plant design which
minimizes operator radiation exposure. Over 3000 kg of nonradioactive wastes
characteristic of plutonium finishing operations have been incinerated at
throughputs exceeding 5 kg/hr.

In addition to the incinerator tests, technical data were gathered on
two different off-gas systems: a wet system composed of three scrubbers
in series, and a dry system employing sintered metal filters.

Figure 65 shows a cut-away view of the incinerator. Distinguishing
features are compactness, lightweight, and ease of assembly: all provided
by using prefabricated ceramic components to form two combustion chambers
surrounded by packed fiber Insulation within a steel case. The vertical
tubes and manifolds maintain an airtight seal from the compress1ve load of
their own weight.

The waste feed is mechanically shredded and packaged in 400-g,
10-cm x 23-cm-long cardboard cartons prior to incineration. Paper bags
were also tested as a packaging material. These packages are dropped from
a rotating feed magazine through a double-valve airlock and rammed into a
silicon carbide horizontal primary combustion chamber. The waste 1s sem1-
pyrolyzed at 700 to 900°C by feeding primary air and steam at substoichiometric
flowrates. At the exit of the primary tube, the ashes fall Into a lower
retention chamber where they can be removed periodically through a double-
valve airlock.

The pyrolytic gases are burned in the presence of excess air in a
burner cone placed at the entrance to the secondary chamber. The advantage
of this controlled-air method in TRU solid waste Incineration is that a
minimum amount of ash and solids are entrained in the off-gases, and a
maximum amount of the radioactivity is retained 1n the ash residue. Nine
cast-aUimina afterburner tubes make up the secondary chamber and are connected
In series by cast manifolds to create a continuous tortuous path. The
purpose of the long labyrinth 1s to provide an off-gas residence time of up
to 8 sec at 1000°C to ensure complete combustion. The top manifold blocks
contain access plugs for cleanout9 Instrument probes, sight glasses, and
exhaust ports.

The ICTF incinerator design was shown capable of burning a maximum of
5 kg/hr of wastes. (This agreed with the theoretical model studies done
on the ICTF.} After 30 months of operation, the primary chamber showed
signs of radial gradient stress cracking caused by run-to-run thermocycling.
The secondary chamber showed no signs of stress crocking, both because it
was maintained at a constant 900°C throughout the entire testing period and
because of the free-floating, compressive force design. Serviceability of
the secondary chamber was difficult due to the compact design of the
vertical tubes.
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SYSTEM COMPARISON

A comparison of these previous four systems was completed by
0. L. Ziegler, Rockwell, for the Transuranic Waste (TRU) Management
Program. [27] The compilation compares four different Incineration
systems as have been described here previously. A copy of this review
1s it* the resource material to be left with you. The summary of that
review is presented 1n its entirety following [excerpted from
Technology Documentation for Selected Radwaste Incineration Systems,
by D. L. Ziegler, Rocky Flats Plant Report No. RFP-3471 (December 1982),
PP. 3-8].
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OVERVIEW DISCUSSION

Document Objective

The TRU Waste Management Program has provided funding for development and
demonstration of incineration systems to process TRU waste. Because the
development of some of these systems is considered substantially complete,
ft was decided that the operating and engineering design information should
be documented as a final step in the development program. One system, the
Acid Digestion System developed by the Hanford Engineering Development
Laboratory L'HEDL), appeared to be adequately documented and is therefore not
included in this report. This report includes information fror.i Mound
Facility (MD), Rocky Flats Plant (RFP), Los Alamos National Laboratory
(LAML) and the Savannah River Laboratory (SRL) on the Cyclone Incineration
{CD, Fluidized Bed Incinerator (FBI), Controlled Air Incinerator (CAI) and
the Electric Controlled Air Incinerator (ECAI) respectively.

Document Format

Two general areas of information are contained in this document: The
process information and the engineering design information. For the MF, RFP
and LANL contributions, Volume I contains information pertaining to process
objectives, design basis, process description, equipment description,
process performance, recommendations for process improvements an<j estimates
of manpower and utility requirements. The volume II reports contain
engineering drawings of the process and equipment, equipment specifications
and costs, operating procedures and safety analysis.

For the ECAI, only one report was provided by SRL. This process has $
progressed as far through the development cycle as the other systems, and,
due to the experimental status of this process, the SRL report is weighed
heavily in the area of process analysis as opposed - to detailed design
information. The report is intended to document the present status of the
process. Some design modification may well be incorporated into the ECAI
which would be installed and tested with contaminated plant waste.

-3-
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Operating Experience

Suntmarized in Table I is the capacity and operating experience for each of

the incineration systems; some adjustment of the reported values had to be

Made to put them on a comparable basis ami these adjustments are discussed

in the following text .

Table I

Capacity and Opera ti'>y Experience

on Incineration Systeus

Through Put Capacity
(Kg/hr)

Operating Experience:
Total Tine [Hr)

Contaminated Waste
Burned (Kg)

Types of Waste Burned(6)
General Solid Waste
Organic Liquids
TBP/Solvent
Resin
:»EPA Filters
PCR's
Fission Product Test
Scintillation Vials

CI

14(1)

533

12,180

X
X

X

X(8)

X

._T1L_
62

5,660(2)

t l , 5 0 0 ( 4 '

X
X
X
X
X(7)
X(7)

CAI

45

44(3)

485

X
P
P
P

P

ECAI

5

600

3,000^5)

X

U) Batch operated through put - - estimated capacity while operating on burn

cycle is 29 Kg/hr.

(2) Includes process operating tine on p i lo t plant.

(3) Estimated operating time for the total of six simulated waste runs and

two actual plant waste runs.

(4) Plant v/aste burned in demonstration pl.mt only - - additional plant waste

burned in p i l o t plant.

(5) Simulated waste witli dysprosium oxide as stand-in for_plutonium oxide —

no TRU contaminated waste experience.

(6) "X" indicates tests made with that i/asce, "P" indicates future planned

tests.

(7) Tests conducted on p i lo t plant.

(8) Tests conducted on lab scale uni t .
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The indicated capacities for the FBI, CAI and ECAI are the through put rates
assuming the unit are started up and operated continuously. They do not
reflect time required to start-up and shut-down which should be less than
10* of the operating time if operated continuously for a week. The data on
the Cyclone Incinerator was obtained from a batch operated unit with a
single burn chamber. The Hound Facility information indicated that a two
burn chamber unit would hove the ability to achieve a through put of about
29 Kg/hr which is the actual burn rate during the burn portion of the
operating cycle. Preliminary experiments on a continuously fed Cyclone
Incinerator at MF indicated that a capacity of about 36 Kg/hr are possible.

The degree to which the process performance is proven is indicated by the
extent of process operating experience. The actual hours of operation nay
be a better measure than the amount of waste burned because of the varied
through put capacities. The operating time for each of the systems include
operation with simulated waste as well as actual plant contaminated waste.
For the FGI, the operating hours include experience on both the pilot plant
and the demonstration plant because it is basically the same process. The
operating experience for each system includes runs with various process or
equipment modifications as well as experiments with various feed materials.

The LANL information indicated that the CAI was operated for six runs with
simulated waste and two runs with actual contaminated waste. During the two
contaminated waste runs 485 Kg of waste was burned. This would correspond
to about 11 hr of operation at design capacity. If these two runs are
typical of the six runs made with simulated waste, an estimated total
operating time on the CAI is 44 hr; the actual operating br were not
reported by LANL. Due to the limited operating experience with the CAI, the
process operating information for the CAI should be viewed with caution.
All the other systems have operated for greater than 500 hrs.; ten times the
operating experience with the CAI.

The operating time of 600 hr for the ECAI was estimated from the 30C0 Kg of
simulated waste burned and assuming that this waste was processed >at the
design capacity of 5 Kg/hr. All of this operating experience was obtained
with simulated waste using dysprosium oxide as a stand-in for plutonium

-5-
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oxide. While the experimental work appears to be thorough and of high

quality, the process information should be viewed with caution until the

process has operated for several hundred hours with actual contaminated

waste.

The values listed for amount of contaminated waste processed in each unit

was taken directly from the supplied information. The amount of

contaminated waste processed by the CAI is limited; the FBI and CI have

processed greater than 25 times the amount processed by the CAI, again

indicating the need for caution when evaluating process performance. The

ECAI has not processed any actual contaminated plant waste and caution is

advised in evaluating the process performance. The ECAI has processed a

considerable amount (about 3000 Kg) of simulated waste, some of that with

dysprosium oxide as stand-in for plutonium oxide.

As indicated in Table I, all the systems have been tested on '-;e general

solid waste type of materials (paper, plastic, doth, etc). The CI and FBI

have successfully burned a wide variety of waste; planned tests for the CAI

include many of these same waste categories. Testing of the ECAI has been

confined to a specific plant application.

Process Performance

One of the objectives of coupiling the operating information on each of the

systems into a single document was to provide data for a direct comparison

of performance between the systems. This direct comparison is difficult

because the information on some systems is not complete and because the

tests were performed using feed material that was quite varied between the

sites performing the tests on each system as indicated i'n Table II.

Feed Density
(Kg/is>3j
(Lb/ft>»)

Ash (wtS of feed)
Salts froi.i neutralization

of Acids (wt5 of feed)

Table I I
Feed Used in Incineration

CI

176.2
10.89
7.93

in 0.26

Tests

FBI

122.0
7.48
7.6
5.92

CAI

68.2
4.25
2.9

0

ECAI

__
3

-6-
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iiiu'le the density of waste at the operating s i tes varies from a low at LANl

of b8.2 Kg/i.i3 (4.25 l b / f t 3 ) to a high at MF of 176.2 Kg/n3 (10.9G

l b / f t J ) , a d i rec t comparison of inc inerator performance should be based on

a uniform waste. One measure of inc inerator performance is the wt. an<j

volui.ie reduction provided by the process. Weight and volume reduction

factors for each system has been estimated by adjust ing the reported

information to account for a feed density of 122 Kg/in3 (7.48 l b / f t 3 ) , a

7.6'O ash content of the feed, and su f f i c i en t acid gas material to product

5.52.' of feed weight as (neutralized sa l ts at a 7% u t i l i z a t i o n level of the

neut ra l i z ing media. The adjusted weight and volume reduction factors for

each syste.'.i ^re presented in Table I I I .

T a b l e I I I
Incinerator System Weight and Volume

Reduction Factors

_ C I FBI CAI ECAI

height Reduction

Volunt' Seduction

Unly small di f ferences ex is t on the reduction factors obtained by these

systems. Only the ECAI o f fe rs the potent ia l for s i gn i f i can t increase in the

weight reduction fac to r ; th i s system provides for incorporat ion of a high

ef f ic iency f i l t r a t i o n of f l y ash p r io r to neut ra l i za t ion of the acids

contained in the o f f gas stream. I f s u f f i c i e n t decontamination of the o f f

•jas is obtained pr io r to neut ra l i za t ion of the acid gas, the neutral ized

sal ts any be c l ass i f i ed as Tow level waste.

The snai l di f ferences in the volume reduction factors for each of the

systems is pr imar i ly due to the density of the f i na l products. I f the ash

and secondary waste from each system is immobilized by a s imi lar method, the

volume reduction for each would be qui te comparable.

5

31

.8:1

.8:1

5:

25.

1

1

7

?1

. 5 : 1

. 5 : 1

9

13

.9:1

. 3 : 1

-7-
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All the systems, except for the FBI, produce an aqueous v/aste stream that

will have to be evaporated to produce a dry solid waste or the aqueous

portion of the scrub solution incorporated in an immobilized form such as

cast concrete. This treatment of the scrub solution is an added cost

penalty for the other systems compared to the dry off gas cleaning system

utilized in the FBI. However, this cost penalty may be minimized when the

liquid treatment capabilities exist at a plant where these systems are to be

utilized.

Process Documentation

fluch of the engineering design information for the CI, FBI and CAI ire

contained in the volume II of the supplied reports from f1F, RFP and LANL. A

very complete set of 87 engineering drawings were supplied for the CAI. For

the CI and FBI, only the primary drawings needed to describe the process

have been included. However, a complete set of 254 engineering drawings for

the FBI ir<2 on file at the Rocky Flats Plant and a complete set of 54

engineering drawings for the CI are on file at the Mound Facility.

A minimal amount of engineering documentation is provided for the ECAI.

This is probably because of the status of development of this system. A

more complete set of engineering design information should become available

as this system development is completed or as the process is implemented

into production operations.

-8-
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SAVANNAH RIVER PLANT PLUTONIUM WASTE CONTROLLED-AIR INCINERATOR

The Savannah River Plant and Laboratory plan to ins ta l l a Plutonium-238
Waste Incinerator (PWI) to dispose of combustible 238Pu waste that cannot
be packaged to meet WIPP c r i t e r i a . [28] The volume reduction 1s expected
to be 45:1, mass reduction 30:1, eliminate radio ly t ic H2 problem, and
produce an ash compatible with the Defense Waste Processing Fac i l i ty (DWPF)
processes. Startup date for the demonstration phase 1s mid-1986. The
demonstration phase 1s funded at $2.5 m i l l i on . Recent photographs of the
ins ta l la t ion are shown in Figs. 66-69.

The two-year demonstration w i l l process 4400 f tVyear . After permanent
ins ta l la t ion , the f a c i l i t y w i l l have an 8400 f tVyear feed containing
77,000 C1. The incinerator ash w i l l be slurr ied to the high-level waste
tanks where 1t w i l l ult imately be processed in the DWPF.

In the process, waste 1s received in 90-mil polyethylene l iners inside
55-gal galvanized steel drums or 83-gal steel overpack drums. The sol id
waste contains job control waste, such as cotton coveral ls, rags, cotton
and rubber gloves and shoe covers, p last ic su i ts , p last ic bot t les, cardboard,
paper, wood, polyethylene, and polyvinylchloride sheets. About 30 drums
w i l l be received inaweek. The drums w i l l be assayed, x-rayed to determine
su i t ab i l i t y for feed, and stored.

Tops of drums w i l l be removed manually. The drum 1s then fastened to
a drum dumper and elevated to a hopper above the coarse shredder. The drum
Hner f a l l s Into the shredder hopper and 1s shradded and fed to the
incinerator. The incinerator primary chamber pyrolyzes the waste. Pyrolysis
gases are burned to completion in the secondary chamber. The ash is stored
in 5-gal cans and overpacked in 55-gal drums. SRP is developing an ash
slurry system that allows the ash to be slurr ied and sent to the high-level
waste tanks. Off-gases are cooled by a i r d i lu t ion and f i l t e red in a sintered
metal f i l t e r and HEPA f i l t e r s . Process blowers exhaust the gas through the
HEPA f i l t e r s . After monitoring, the off-gas 1s discharged through a new
sand f i l t e r .

SAVANNAH RIVER PLANT BETA-GAMMA CONTROLLED-AIR INCINERATOR

This f a c i l i t y w i l l incinerate suspect beta-gamma contaminated combustible
sol id and l iqu id wastes generated by SRP and SRL. [28] I t Involved relocation
of the SRL control led-air Incinerator, off-gas equipment, and associated
controls and instrumentation to a permanent locat ion. The Incinerator test
was used to establish a technical base and provide operational experience.
The Phase I test program burned uncontanrfnated combustible sol id and l iqu id
waste. Phase I I burned suspect contaminated sol id and contaminated l iqu id
waste.

The new f a c i l i t y (Figs. 70-72) consists of a two-stage controlled-a1r
Incinerator capable of burning 400 pounds/hr of sol id waste or 37 gal/hr
l iqu id waste. The off-gas system consists of a spray quench, baghouse
f i l t e r un i t , and two Induced-draft blowers, complete with e lectr ic and
pneumatic instrumentation to provide systems monitoring and control .
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SRP-PWI WASTE SHREDDER.



SRL BETA-GAMMA INCINERATOR TEST INSTALLATION.



SRL BETA-GAMMA INCINERATOR UNDER CONSTRUCTION.



j SRL BETA-GAMMA INCINERATOR BUILDING COMPLETED.
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The major constituents of solid materials to be burned are suspect
contaminated wastes composed of cei lulosics, polyvinylchloride (PVC),
polyethylene, and rubber. The major constituents of l iqu id waste to be
burned are t r ibuty l phosphate (TBP), d1butyl phosphate (DBP), monobutyl-
phosphate (MBP), n-paraffin, 1,1,1-trichloroethane, and miscellaneous
lubricating o i l s .

Incinerator waste products (mainly ash and off-gas f i l t e r residue)
which assay less than IQQ nCi TRU/g w i l l be packaged in 55-gal drums for
burial in the low-level beta-gamma trenches. Drums exceeding this l im i t
w i l l be stored on the retrievable TRU pads.

In this process, waste cartons are loaded onto a " ro l le r rack" conveyor
and hand-fed to the ram hatch at a rate of 8 cartons/hr. During each feed
cycle the ram hatch door closes, the charging door opens, and the carton
is ram-fed to the primary chamber of the incinerator. The primary chamber
is maintained at 650 to 800°C and 0.5 i n . H20 vacuum. Contaminated
l iquid waste is fed direct ly to the primary chamber of the incinerator
at a rate of 37 gal/hr using steam-cooled lance inject ion. Added at
1.3 pounds/gal of solvent feed is CaO to f ixate the phosphorous present
in TBP, DBP, and MBP.

A continuous-gravity ash removal system deposits ash in a hopper at
the end of the primary combustion chamber where i t is cooled for 8 hr. Ash
is discharged to a 55-gal drum twice each sh i f t by cycling the ash ram and
opening the discharge gate valve. A gasket or inf latable seal on the
discharge flange face ensures t ight drum sealing during ash collection
operations.

Combustion off-gases from the primary chamber are burned with excess
air in the secondary chamber at 1000°C and a vacuum of about 0,7 1n. H2O..
Secondary effluents are cooled from 1000°C to 180°C and treated for suspect
hydrogen chloride and/or sulfur dioxide in the existing spray quench. Water
or sodium carbonate solution is supplied to the top of the tower and mixed
with the incinerator exhaust gas at 7 gal/min. The water 1s vaporized in
the off-gas stream, thus reducing the temperature, and the sodium carbonate
reacts with hydrogen chloride and sulfur dioxide to form hydroscopic sal ts.
Sodium carbonate is required for neutralization at 40 pounds/hr. The spray
quench operates at 1.0 i n . H2O and a AP of about 0.5 i n . The spray quench
effluents w i l l be exhausted to a baghouse f i l t e r unit where salts and
particulate matter (about 10 y) w i l l be removed. Operating pressure w i l l
be about 1.5 i n . H26. Particle cakes on the bags w i l l be removed periodically
by gas flow reversal (blow-back) and collected 1n three discharge hoppers
belo1; the f i l t e r s . Baghouse f i l t e r s w i l l be replaced periodically.

Baghouse off-gases w i l l be exhausted through HEPA f i l t e r s downstream
of the baghouse unit . Parallel HEPA f i l t e r s (spare included) are designed
to accommodate an a i r flow of 10,000 cfm and removal efficiency of 99.97%.
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IDAHO NATIONAL ENGINEERING LABORATORY CONTROLLED-AIR INCINERATOR

At INEL, the principal equipment for the incineration ac t i v i t y is
a dual-chambered control led-air incinerator manufactured by Environmental
Control Products. [22] This equipment is undergoing startup testing (see
Fig. 73).

Combustible low-level radioactive waste as received from the generators
is to be prepackaged In 2 f t x 2 f t x 2 f t corrugated cardboard boxes with
internal sealed polyethylene l iners . These cardboard boxes are placed on
a conveyor to transport the combustible material from the feed staging area
to the incinerator feed mechanism.

The incinerator 1s designed to handle 400 pounds/hr of 12,000 Btu/pounds
waste. This equates to about 7 to 10 boxes of waste per hour, using a waste
density of 5 to 7.5 pounds/cubic foot.

Radiation Intensity from each box w i l l be measured and recorded. Only
those boxes reading 10 mR/hr or less w i l l be i n i t i a l l y processed.

Although some non-combustibles are acceptable to the Incinerator, large
pieces may Interfere with the ash removal process and subsequent treatment
methods for ash disposal ( i . e . , so l i d i f i ca t i on ) . For th is reason and to
preclude explosive l iqu ids , waste is also monitored for non-combustibles
and l iquids through x-ray Inspection, using a standard airport-type x-ray
un i t , i n - l i ne with the conveyor. A video monitor is provided in the control
room along with controls to allow remote operation of the x-ray un i t .

Waste feed material 1s admitted to the primary combustion chamber through
a gravity drop chute. I n i t i a l energy for combustion is provided by burners
using No. 2 fuel o i l . The primary chamber burning takes place 1n a s l i gh t l y
oxygen-deficient environment. As the gases pass into the secondary chamber,
they are burned in the presence of 100% excess a i r . Incineration in this
manner allows for complete combustion with minimal disturbance of the ash,
*hus minimizing the amount of part iculate carried over In*'1 the exhaust
system. Both chambers of the inci rerator have been extended four feet In
length to assure complete combustion through increased residence time
(2 sec at 1100°C).

A ram is provided in the bottom chamber that periodical ly pushes the
ash into a hopper for storage and cooling. When cooled su f f i c ien t l y , a
sl ide gate w i l l be opened allowing the ash to drop into drums located 1n
the ash col lect ion room 1n the east wing basement.

Exhaust gasfis from the sizing room, incinerator, furnaces, and exhaust
from other basement ac t i v i t i es are collected for treatment and f i l t r a t i o n
in a common system pr ior to discharge from the f a c i l i t y .

Combustion gases leave the incinerator at about 2000°F and are
Immediately cooled to 1400°F using d i lu t ion a i r from outside the f a c i l i t y .
Further cooling of the combustion gases is accomplished using a tube-and-shell
air-to-gas heat exchanger, with gases leaving the heat exchanger at about
750°F. This two-step cooling process was selected to minimize thermal
stress problems across the heat exchanger caused by the large difference
in temperatures and reduce high temperature corrosion problems. Excess
process heat 1s removed from the heat exchanger and Incinerator room using
independent exhaust systems and exhausted through a separate stack.
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A large capacity (16,000 cfm) baghouse f i l t e r 1s ins ta l l ed in the
main exhaust stream upstream of the HEPA f i l t e r s (F ig . 74). This f i l t e r
el iminates much o f the dust and part icu lates (99%) that would otherwise
be deposited on the HEPA f i l t e r s , resu l t ing in longer f i l t e r l i f e and
less frequent changeout.

The bag f i l t e r s are fabr icated o f Huyckglas, a f i r e - r e s i s t a n t
material which can withstand temperatures up to 500°F. To provide f i r e
protect ion f o r the baghouse, spark arrestors have been ins ta l l ed upstream
of the bag f i l t e r s , and a Hal on f i r e suppression system has been i ns ta l l ed
1n the baghouse housing.

A h igh-ef f ic iency par t i cu la te (HEPA) absolute f i l t e r 1s i ns ta l l ed
downstream of the baghouse to act as a f i na l f i l t e r for the f a c i l i t y
exhaust. The e f f i c iency of the f i l t e r is 99.97% fo r removal of par t i c les
of 0.3 u. The f i l t e r s are designed to operate at temperatures up to 500°F.

ROCKWELL-HANFORD MICROWAVE PLASMA INCINERATOR

Microwave energy can be used to heat gases s u f f i c i e n t l y to generate a
plasma. This microwave-supported plasma can be u t i l i z e d to inc inerate
organic l i qu ids or vapors. Because the energy i s supplied independently
o f the heat of react ion, normally nonreactive organics can be burned and
combustion can be supported at reduced pressures. [29]

S ign i f i can t problems have been encountered when attempting to burn
organics by ordinary flame combustion, inc lud ing:

• cer ta in chemical bonds such as carbon-halogen bonds are too strong fo r
e f f i c i e n t combustion i n an ordinary flame. Examples include carbon
te t rach lo r ide , chloro-aromatic compounds, and f luoro-carbon compounds;

• the heat d i s t r i bu t i on in many flames varies from 500 to 2500°K depending
on the fuel-to-oxygen r a t i o and locat ion w i th in the flame; because of
th is spat ia l temperature d i s t r i b u t i o n , 5% or more o f the organic molecules
may pass through a flame unreacted; and

• an explosion hazard always exists f o r an open flame Incinerator
operating at atmospheric pressure.

Combustion 1n a microwave-driven plasma promises to solve each o f the
above problems. Hard-to-react molecules are excited and Ionized by the
microwave rad ia t i on , providing the ac t i va t ion energy fo r combustion
independent of the heat o f microwave rad ia t ion rather than combustion flame
k ine t i cs . The e f fec t i ve temperature can be s i g n i f i c a n t l y greater than
2000°K everywhere except fo r a th in boundary layer. Since the plasma
is normally operated at pressures below those capable of self-supported
combustion, the explosion hazard i s minimized.

The experimental work reported here has been terminated. The microwave
plasma inc inerator system is depicted schematically in F ig. 75. The operation
of the equipment is described here.
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The reaction chamber Is a 4-1n.-d1am quartz tube that is 24 in. long.
Microwave energy is applied to the chamber by a 12-kW generator operating
at 2450 megahertz (MHz) (see Figs. 76 and 77).

Fuel from a reservoir flows through a flowmeter, vaporizes through a
regulating valve and orifice, mixes with oxygen, and enters the plasma
reaction chamber where combustion occurs. Either the inlet or exhaust
pressure can be measured by a pressure gauge using an appropriate valve
configuration. A quadrupole mass spectrometer connected to the gauge line
can monitor partial pressures of either the Inlet or exhaust gases.
Combustion efficiencies are determined from mass spectrometer peak heights.

A 300 cfm vacuum pump exhausts the gas through a 2-1n. iron pipe to
the building ventilation system.

The maximum combustion efficiency as determined by the mass spectrometer
is S9.9B or greater.

Six types of liquid organics have been incinerated: carbon tetrachloride,
methyl isobutyl ketone (hexone), TBP-alkane mixture, machine oil, hydraulic
fluid, and greases dissolved 1n hexone. A combustion rate for hexone of
1 8,/hr has been established at 99.9% efficiency. This was the targeted
combustion rate for the Incinerator.

Substantial progress in scaling up the combustion rate of the plasma
incinerator has been made. Scale-up was successfully achieved by
increasing the vacuum pumping speed, by improving the microwave applicator
design, and by increasing the plasma radius and thereby its volume for a
given reactor length. The testing and optimizing experiments performed
have identified Ideal operating parameters and major design difficulties.

MOUND JOULE-HEATED GLASS FURNACE

The joule-heated glass melter thermal degradation process combines
volume reduction and immobilization into a one-step process, thereby
eliminating the personnel hazard of handling the hazardous fly ash which
contains the concentrated radionuclides. [30] The glass melter easily
processes dry and wet combustibles, such as solid laboratory waste, ion
exchange resins, filter media* and sludges.

The glass melter consists of a refractory lined, rectangular box
containing a pool of 2000 pounds of molten glass (Fig. 78). For volume
reduction application, the melter is routinely operated at 2500°F.
Combustion air enters normal to the waste stream through rows of
Individually controlled inlets on both sides of the burn chamber. The
melter is extremely versatile and handles a wide variety of combustibles
and non-combustible wastes. It acts as both an incinerator and evaporator.
In both cases, 1t Immobilizes the resulting ash or evaporator residue into
a very stable and durable waste form.

The melter uses soda-lime glass, which in its pure form 1s a glass of
only moderate durability. However, after the glass contains a small amount
of residual waste, the durability Increases ten-fold. Soda-lime glass
loaded with waste residue 1n the 10 to 40% range compares favorably to the
various borosilicate glasses.
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DOE LOW-LEVEL RADIOACTIVE WASTE MANAGEMENT PROGRAM INCINERATOR PROJECT

The DOE Low-Level Waste Management Program has completed a number o f
projects to examine the use o f small Incinerators 1n the nuclear indust ry .

The Low-Level Waste (LLW) I n s t i t u t i o n a l Inc inerator Program was begun
in August 1979. [31] At tha t t ime, bur ia l space a v a i l a b i l i t y and acceptance
c r i t e r i a combined to make I n s t i t u t i o n a l LLW disposal a d i f f i c u l t problem.
In add i t i on , continued a v a i l a b i l i t y o f bur ia l space was doubt fu l .
Inc inerat ion was seen as a possible a l te rna t i ve or pretreatment step to
shallow-land bur ia l for a large part o f the i n s t i t u t i o n a l LLW in the
country. The goal of the program i s to demonstrate the acceptab i l i t y and
d e s i r a b i l i t y of inc inera t ion fo r hazard and volume reduction of
i n s t i t u t i o n a l l y generated LLW.

L i te ra ture surveyed indicated that i n s t i t u t i o n a l LLW is composed o f
organic sol ids and l i q u i d s , laboratory equipment and t rash , and some
pathological waste. Some tox ic and hazardous chemicals are included in
the var ie ty of LLW generated in the nat ion 's hosp i ta ls , un i ve rs i t i es , and
research labora tor ies . Thus, the inc inerator to be demonstrated i n th i s
program should be able to accept each o f these types of materials as feed-
stock. Ef f luents from the DOE i n s t i t u t i o n a l inc inerator demonstration
should be such that a l l ex is t ing and proposed environmental standards be
met. A design requirement was established to meet the most s t r ingent f l ue
gas standards, regardless o f local requirement or exceptions ava i lab le .

LLW inc inera t ion pract ice was reviewed in a survey of i n s t i t u t i o n a l
LLW generators. Inc inerator manufacturers were i d e n t i f i e d by the survey,
and operational experience in inc inera t ion was noted fo r i n s t i t u t i o n a l
users. Manufacturers i d e n t i f i e d i n the survey were contacted and queried
wi th regard to t he i r a b i l i t y to supply an inc inerator wi th the desired
capabil i ty.

An incinerator vendor was chosen to supply the demonstration unit on
the basis of his ab i l i t y to provide the desired product. Several vendors
able to supply a basic incinerator of the type required were found. Because
of the nature of the demonstration project, special requirements as to ash
removal characteristics and hearth type were imposed on the selection.

At the present time, an incinerator type, manufacturer, and model
have been chosen for demonstration. The University of Maryland, in
conjunction with an architectural-engineering (AE) f i rm, is currently
conducting design act iv i t ies relat ive to s i te acceptance requirements
and peripheral equipment design. Following this ac t i v i t y , a quote w i l l be
obtained on the incinerator, and a subcontract w i l l be le t covering
procurement of the demonstration uni t . Following ins ta l la t ion, thorough
testing of the demonstration unit w i l l be accomplished. The tests
specified w i l l support licensing of the incinerator.

CURRENT PRACTICES OF INCINERATION OF LOW-LEVEL INSTITUTIONAL RADIOACTIVE WASTE

During 1979, 142 medical and academic inst i tut ions were surveyed to
assess the current practice of incineration of low-level radioactive waste. [32]
This was one act iv i ty carried out by the University of Maryland as part of a
contract with EGSG Idaho, Inc. to s i te a radioactive waste incineration system.
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Of those surveyed, 46 institutions (approximately 32%) were presently
incinerating some type of radioactive waste. All were using controlled-air,
multistage incinerators. Incinerators were most often used to burn animal
carcasses and other biological wastes (96%). The average size unit had a
capacity of 113 kg/hr. Disposal of liquid scintillation vials posed
special problems; eight institutions incinerated full scintillation vials
and five incinerated scintillation fluids in bulk form. Most institutions
(87%) used the incinerator to dispose of other wastes in addition to
radioactive wastes. About half (20) of the institutions incinerating
radioactive wastes reported shortcomings in their incineration process;
those most often mentioned were: problems with liquid scintillation
wastes, ash removal, melting glass, and visible smoke. Frequently cited
reasons for incinerating wastes were: less expensive than shipping for
commercial shallow-land burial, volume reduction, convenience, and closure
of existing disposal sites.

USE PLAN FOR DEMONSTRATION RADIOACTIVE WASTE INCINERATOR

The administrative plan for the safe and effective operation of a
radioactive was incinerator is composed of five parts, each pertaining to
a specific aspect of incinerating radioactive waste. [33]

The first step was to identify the regulatory requirements governing
the use of a radioactive waste incinerator and to ensure the University's
compliance with them. Each area possibly subject to government regulation
was identified, and then each regulatory agency was polled for its specific
requirements.

The second step was to learn about the capabilities and limitations
of the incineration technology and the system which would be in use at the
University. Procedures for the operation of the radioactive waste
incinerator, based on manufacturer specifications, and integrated with
health physics safety practices, were established. Next, special procedures
had to be formulated for the waste handling procedures and byproduct assay
and disposition.

After specifying requirements for the use of the incinerator and
studying and identifying regulatory requirements, special procedures for
operating personnel and health physics safety practices relative to
incineration had to be established. These plans focus on vigilant
monitoring, regular equipment maintenance, and proper training of personnel.
Also included are provisions for timely responses to emergencies and
decontamination procedures.

Finally, methods to ascertain mass and activity balances, volume
balances, and volume reduction factors, and the cost-effectiveness of
incineration over commercial shallow-land burial had to be determined.
These were developed to assist in the evaluation of the safety and efficacy
of the use of incineration to reduce waste volumes shipped long distance for
burial.
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RADIOACTIVE WASTE INCINERATION AT PURDUE UNIVERSITY

A study was conducted at Purdue University [34] to evaluate the
feas ib i l i t y of using a small (45 kg/hr) , inexpensive (less than $10,000)
incinerator for incinerating low-level radioactive waste. An o i l - f i r e d ,
dual-chamber pathological waste incinerator was insta l led on a 12.7-cn-thick
concrete f loor in a metal quonset bui ld ing. A standard Environmental
Protection Agency (EPA) Method 5 sampling t ra in was used to obtain stack
samples. Also, stack gas velocity was measured with a type-5 p i to t tube;
stack temperature was measured with a thermocouple and pyrometer.

The incinerator was tested for emissions from incineration of
laboratory animal carcasses, l i qu id s c i n t i l l a t i o n f l u i d , and trash.
Emissions measured were p a r t i c u l a r s , S0x, N0x, C l , CO, CO2, H20, and
unburned hydrocarbons in the part iculate f rac t ion . Three analyses were
then averaged to arr ive at the f ina l determinations.

Results of the study demonstrated the f eas i b i l i t y and cost-effectiveness
of incinerating radioactive animal carcasses and l i qu id s c i n t i l l a t i o n f l u i d s ,
since emissions from those waste types were wi th in EPA and state l i m i t s .
However, emissions from burning of trash exceeded the state l im i t s . Therefore,
incineration of trash alone, par t icu lar ly i f i t contains glass or s ign i f icant
amounts of p las t ic , is not a recommended use of the tested equipment.

LICENSING REQUIREMENTS FOR BACKFIT INCINERATORS AT COMMERCIAL NUCLEAR
POWER PLANTS

This pro ject examines the l icens ing requirements fo r back f i t inc inerators
at operating power p lants . [35] Analysis was made of inc inera t ing low-level
dry radioact ive wastes in a back f i t inc inerator a t an ex is t ing power p lan t .
The operation of the inc inerator has been studied from viewpoints of
operator safety , consequence o f system fa i l u res including "worst case"
scenarios, and radio logical impact f o r normal and upset condi t ions. Analysis
showed that releases under a l l normal operating or upset condit ions are an
extremely small f rac t i on of the appl icable l i m i t s . Nuclear Regulatory
Commission (NRC) review concluded tha t the document produced as a resu l t o f
th i s pro ject was useful as a design guide and of value in l icensing back f i t
inc inera tors . Supporting contractor document is Safety Evaluation Report for
Licensing Demonstration of a Low Level Radioactive Waste Incinerator fo r an
Operating Commercial Nuclear Reactor Power Plant , prepared fo r EG&G Idaho, Inc.
by Gilbert/Commonwealth, GAI 2466 (July 1983).

PORTABLE INCINERATOR LICENSING DEMONSTRATION

Adding a low-level radioact ive waste inc inerator a t a previously
licensed nuclear power plant may not be cos t -e f fec t ive because of high
costs and inadequate waste volumes. [36] The l icensing and demonstration
of a transportable inc inera tor , which could serve several nuclear power
p lants , is being pursued by Commonwealth Research Corporation wi th support
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from the DOE Low-Level Waste Management Program. Licensing documentation
necessary for using a transportable incinerator at an operating power
plant, including engineering and safety evaluation reports, will be prepared.
Commonwaalth Research Corporation is responsible for submittal of the
documentation to the NRC for licensing consideration.

Work performed under this project will include:
• establishment of criteria, system selection, and conceptual engineering
for volume reducsion equipment and plant interface;

• preparation of the Technical Evaluation Report for license submittal
and operating license modification;

• final engineering, and equipment procurement;
• "cold" operations and performance testing with simulated waste;
• implementation of a plan to disseminate public information on a mobile
radwaste incinerator installation at a nuclear power plant;

• "hot" functional testing at the Dresden Nuclear Power Station and
preparation of performance documentation; and

• licensing of a mobile incinerator for transport between Commonwealth
Edison Company facilities.

REDUCTION AT THE SOURCE

Volume reduction by compaction, size reduction, and incineration are
very viable and effective methods of reducing disposal volumes; however,
they involve additional waste handling and, in some cases, extensive
financial commitment. A simple, cost-effective, although somewhat limited,
form of volume reduction is the reduction of the basic source term from
the generating facility through careful application of operating procedures,
segregation, and training.

OAK RIDGE NATIONAL LABORATORY

The ORNL has a continuing campaign to educate generators to reduce the
quantities of low-level radioactive. [37] When the campaign was initiated
in the late 1970s, an initial decrease in generation was observed. Since
that time the initial decrease has been maintained but no noticeable long-
term decline is observable. Posters such as those shown in Figs. 79 and 80
are used to call attention to this campaign, and regular meetings are held
with operating, health physics, and generating personnel to review the
procedures and the need to decrease generation. The conclusion of the
ORNL experience is that an aggressive campaign will create an initial
understanding of the problem with a noticeable, one-time decrease as
generators change old habits. Reductions at the source after this must
depend on technological measures.
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PADUCAH GASEOUS DIFFUSION PLANT

The Paducah Plant also has an active campaign to cause generators
to think about reducing radioactive waste generation (Fig. 81). [38]
Segregation of material is a key item of emphasis. Contaminated metal,
clean metal, sanitary landfill material, hazardous chemicals, and low-
level waste are carefully segregated to minimize careless cross
contamination of "clean" material.

LOS ALAMOS NATIONAL LABORATORY

LANL has waste management procedures that include sections on
reduction in generation. [39] Waste Management Operations has the
opportunity to review and audit the use of these procedures to cause
generators to give them proper weight.

Procedures or programs at other facilities involve a reduction of
volume by reducing the amount of material that can be put in a
contaminated zone. All packing material, protective containers, and
the like are removed and discarded as non-contaminated trash before the
material or equipment is moved into the contaminated area.

Wastes that are found to be unacceptable as determined by quality
assurance measurements or incident reports are discussed with the generators
and corrections imposed.

A large quantity of mixed waste is generated at most facilities.
This waste is contaminated with radioactivity and hazardous chemicals.
Such waste is a problem since its disposal is greatly complicated by
the two constituents. A number of sites are moving aggressively to reduce
the mixed waste generation, including LANL. A typical example is the
machining of contaminated material. The recirculating cutting oil becomes
radioactively contaminated over extended use. Older procedures would have
caused the regular maintenance process cleaning solvents (a hazardous
chemical waste) to be dumped into the spent cutting oils, thus creating
by mixture a large mixed waste problem. Draining and drumming of the
cutting oil before maintenance operations gives a much smaller quantity
of mixed waste for disposal. This area of mixed waste holds many
opportunities for reduction at the source.

ROCKY FLATS PLANT

The storage of TRU waste is costly and numerous activities are underway
to improve the assay capability of the various plants to differentiate between
low-level and TRU waste material. This program is sponsored by the DOE
TRU Program ans is beyond the scope of this paper, but the results of using
an alpha detection probe as a sorting tool is a volume reduction technique
used at the Rocky Flats Plant in Golden, Colorado. [40] Rocky Flats has
been able to show consistent reduction in their TRU waste volume by this
approach. Table 5 shows the reduction percentages.
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Table 5. Effective TRU Volume Reduction Through Use of
Alpha Detection Survey Instruments

Reduction of
Year TRU Volume

1980 20.1

1981 24.3

1982 21.2

1983 21.2
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DOE LOW-LEVEL WASTE MANAGEMENT PROGRAM

The DOE Low-Level Waste Management Program reviewed waste generation
reduction schemes in December 1982 and issued a document [41] describing
management changes and techniques that should result in reduced
generation.

MISCELLANEOUS

Other varied volume reduction techniques are being developed for use
by the DOE to process specific waste streams. These techniques include
use of evaporation and chemical decomposition,

SHIELDED HOT AIR DRUM EVAPORATOR

A low-cost, effective evaporation system for aqueous radioactive waste
has been developed by Argonne National Laboratory-West (ANL-W) in Idaho. [42]
The device is called a Shielded Hot Air Drum Evaporator (SHADE). The SHADE
concept offers an inexpensive ($1500) unit for combining evaporation,
shielding, and disposal in a single unit.

The SHADE uses standard 30- and 55-gal drums as primary and secondary
containment vessels. The space between the drums is insulated, and the outer
d. urn is placed in a metal culvert with the annul us containing concrete for
shielding. The evaporation process uses heated air (200 to 250°F) in an
adiabatic saturation process where the moisture is absorbed by hot, dry air
moving through a cascading spray of liquid and over standing liquid. The
physical relationship of the components is shown in Fig. 82. The liquid
to be evaporated is added through the 1/2 in. liquid fill line to the top
evaporation tray. This tray is sized to be slightly smaller in outside
diameter than the tray below. When liquid in the top tray reaches the
full level of the tray, it cascades evenly in a sheet of liquid down to
the next tray. As the liquid fills this tray, it cascades from the inner
lip of the tray down to the next tray which has a smaller diameter inner
tray edge. The five bottom toroid-shaped trays operate on this concept.
Therefore, the liquid presents a sheath of water from the top tray to the
bottom of the drum. Heated air is introduced into the drum thorugh a
4-in.-diam center distribution manifold. The manifold has openings to
discharge the air evenly in close proximity to the position of the toroidal
trays. The air first enters the chamber below the second tray and passes
through the inner tray through the inner rim cascade of water. This process
is repeated for each tray. As the air leaves the inner drum, it passes up
and by the cascade of liquid from the top tray. The air exits through the
top of the drum into a lO-in.-diam tube where it passes through high-efficiency
filters that remove any radioactivity carried over by the air flow.

A steam-heating coil is wrapped around the bottom of the inner drum
to provide additional heat to the water to speed the evaporation process.
A pump is provided to recirculate the liquid from the bottom of the drum
to the top tray. Overflow connections and level indicators are also provided.
The installed system is shown in Fig. 83.
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Eventually, the inner drum w i l l accumulate suf f ic ient radioactivity
and sediment to reach a preset l im i t of 10,000 gal of processed l iqu id
or 2500 mCi of accumulated radioactive waste. The 2500 mCi is based on
a maximum desirable reading of 50 mR/hr at the outside unit surface. When
these l imits are reached, the unit is disconnected from a i r , steam, l i qu id ,
and electr ical connections, these connections are capped, and the top sleeve
f i l l e d with concrete. This effectively seals the uni t , making i t ready for
disposal as low-level radioactive waste.

The SHADE has been tested and found to be an excellent alternative
to numerous evaporation options currently used. The system paramaters
are as follows:

Evaporation rates 2-6 gph
Water temperature 100-130°F
Air temperature 200-250°F
Plant factor 80%
Design l i f e 10,000 gal or

50 mR/hr unit surface.

ANAEROBIC DIGESTION

Anaerobic digestion is the controlled u t i l i za t ion of a naturally
occurring process in which organic materials are degraded by the actions
of microorganisms in the absence of oxygen. [43] This- natural, spontaneous
process is typi f ied by the decay of organic matter over periods ranging
from days to years. The most common directed u t i l i za t ion of this process
is stabi l izat ion of sewage sludge from anaerobic wastewater treatment
processes.

The physical and biological chemistry of anaerobic digestion involves
several steps in series. The organic matter must be solubilized ( i f not
already soluble) through destruction and hydrolysis of the complex chemical
structures. This step is followed by acidogenesis and then methanogenesis.
Methane and carbon dioxide are evolved at this point, which is usually the
desired end point. However, a residue of unconverted acids and refractory
compounds w i l l generally be found in the reaction mixture.

The biochemical reactions are carried out by a variety of microorganisms
found naturally in soi l and sewage sludge. These organisms can be cultivated
in submerged culture and in films attached to solid surfaces. Only a very
small proportion of the organic substrate (about 1%) is converted to cell
mass in these systems.

Advanced anaerobic digestion systems are being developed for production
of methane and for wastewater treatment. Large-scale demonstration systems
are operating at several catt le yards and large dairy farms to produce
methane via anaerobic digestion of the manure. An advanced, packed-bed
bioreactor called ANFLOW has been developed at the Oak Ridge National
Laboratory for treatment of municipal wastewaters. Anaerobic digestion is
also being developed to produce methane from municipal sol id waste.

A potentially attractive extension of this technology is volume reduction
of low-level waste. The low-level, compact!ble, combustible wastes generated
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at ORNL are estimated to be about 75% cellulosics (such as clothing, wipes,
and blotter paper) plus animal carcasses. Laboratory work at ORNL and at
other laboratories has indicated that about 80% of this organic matter can
be solubilized for conversion to methane and carbon dioxide or disposal in
a liquid waste form. Hence there is the potential for as much as a 20:1
volume reduction for this organic waste (based on 4:1 compaction and 5:1
reduction in mass). Laboratory studies at ORNL during the past have indicated
that low levels of radiation (300 yCi/L each of 60Co and 3H) have no
measurable effect on the rate of digestion nor the ultimate extent of
digestion.

At ORNL a pilot-scale 75-L digester has been operated using simulated
wastes that have been wet-shredded (Fig. 84). [44] Three runs have been
carried out over several months duration each. Approximately 80% degradation
of solids has been achieved consistently while operating at about 1% solids
in the digester at 35°C. Rates of solids degradation and gas production
have met or exceeded the design basis during periods of stable operation.
All results to date have confirmed the conceptual design basis. Successful
startup procedures have been developed and some insight has been gained on
process control to prevent buildup of inhibitory intermediates and achieve
stable operation.

A dynamic simulation model is being developed for guidance in process
development work and for potential utility in process control later. Early
results are very encouraging; a very good simulation of long-term and short-
term dynamics under generally stable operating conditions exists. Simulation
and the experimental digester need to be run under various stressed conditions
to improve confidence in the design basis and to develop operating strategies
for the full-scale digester.

A simplified process flowsheet is shown in Fig. 85. The hydrofracture
option for direct disposal of the effluent is no longer being considered.
Solid/liquid separation will be done and the liquid sent to the intermediate-
level waste treatment system. The solids will be stabilized in grout and
buried.
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