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ABSTRACT

Progressive changes in regulations governing the disposal of the nation's radioactive and
hazardous wastes demand the development of more advanced treatment and disposal systems. The
U.S. Department of Energy's Radioactive Waste Technology Support Program (formerly the Defense
Low-Level Waste Management Program) was given the task of demonstrating the degree of excellence
that could be achieved at reasonable cost using existing technology. The resulting concept is a
Waste Treatment and Disposal Complex that will fully treat contact-handled mixed and low-level
radioactive waste to a disposable product that is totally liq jid-free and approximately 98% inorganic.

An excellent volume reduction factor is achieved through sorting, sizing, incineration,
vitrification, and final grouting. Inorganic waste items larger than 1/4 in. will be placed in inexpensive,
uniform-sized, smooth-sided, thin-walled steel boxes. The smaller particles will be mixed with sulfur
polymer concrete and pumped into the boxes, filling most voids. The appendage-free boxes
measuring 1 x 1 x 1 m will be stacked tightly in an abovegrade, earth-mounded, concrete disposal
vault where a temporary roof will protect them from rain and snow. A concrete roof poured directly on
top of the dense, essentially voidless waste stack will be topped by an engineered, water-shedding
earthen cover.

Total cost for design, construction, testing, 30 years of treatment and disposal, administration,
decontamination and decommissioning, site closure, and postclosure monitoring and maintenance will
cost less per cubic foot than is currently expended for subsurface disposal. A radiological
performance assessment conducted by Rogers and Associates Engineering Corporation shows this
concept will exceed the nation's existing disposal systems and governmental performance objectives
for the protection of the general public by a factor of 30,000.

a. Work supported by U.S. Department of Energy, Idaho Operations Office, under DOE Contract No.
DE-AC07-76IDO1570.
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BACKGROUND

Public demands for more environmental protection, problems associated with hazardous and
mixed waste, and the closure of many low-level waste disposal sites (primarily because of water
intrusion and subsequent atmospheric contamination) required action. The U.S. Nuclear Regulatory
Commission (NRC), U.S. Department of Energy (DOE), U.S. Environmental Protection Agency (EPA),
and various agencies of state governments met the challenge with increasingly stringent treatment
and disposal requirements for low-level radioactive waste (LLW). Even tighter controls seem likely in
the future.

However, rising oil prices and new direction in environmental regulations concerning acid rain,
the ozone layer, hazardous waste, etc. were making nuclear energy more environmentally acceptable
to the public, if not preferable.

DECISION TO STUDY

In response to both the need for publicly acceptable LLW disposal and the need for
responsible construction of nuclear power plants and weapons systems, DOE's Radioactive Waste
Technical Support Program (formerly the Defense Low-Level Waste Management Program) was
funded by DOE Headquarters to draw from the best of the free world's existing (state-of-the-art) waste
treatment and disposal technologies, and create a concept for waste treatment and disposal that
would achieve maximum volume reduction and ideal disposal with maximum environmental protection.

The developmental document was expected to confirm the belief that the nuclear industry
could combine its assets and produce a top-of-the-line treatment and disposal program at an
economical price. Because of time and budget constraints, the decision was made to limit the scope
of the project to solid LLW of a volume typical of the national average. Volume-reduction factors were
to be based strictly on known data that could be substantiated by operational LLW volume-reduction
programs. The only DOE site with significant waste treatment was the Idaho National Engineering
laboratory (INEL) at Idaho Falls, Idaho. Coincidentally, the INEL was the only site with LLW content
codes, so INEL waste was selected for modeling purposes. If the concept proved realistic, the
conceptual design could be used by any DOE (or commercial) site in the United States as the genesis
for final design of a treatment and disposal complex for the specific waste to be processed at that site.
If proven sound, further efforts to improve the concept would be pursued.

As a minimum, the design would meet the requirements of 10 CFR 61 and Chapter III of DOE
Order 5820.2A, the regulations of state governments, and the perceived desires (realistic desires) of
the public. In general, the treatment and disposal concept to be developed would significantly reduce
the chance of contaminating the environment, reduce future liability, and improve public perception of
the nuclear industry.

COMPLETED STUDY

The resulting report, Application of Existing Low-Level Waste Technology Offers 17-To-1
Volume Reduction and Enhanced Disposal At Low Cost.1 was published in October 1988. The report
is available upon request from this author. Throughout this summary, the report will be referred to as
"The Report." The resultant Waste Treatment and Disposal Complex will be referred to as the "WTDC.11

ORIGINAL EXCLUSIONS

The treatment facility was to treat only contact-handled solid LLW. Combustible liquids were
excluded from treatment. Pyrophoric waste, sludges and resins were to be stabilized in high-integrity
containers (HICs). Remote-handled waste (waste packages emitting >500 Mr/h at contact) was
excluded from both treatment and from cost development because they were already being
successfully placed in casks by the generators. Melting was a viable option, particularly for
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declassifying metal waste, but none of the waste analyzed for this study was classified, so melting was
excluded. Organizational responsibilities did not include mixed waste at that time, so it was excluded
from treatment.

No options were to be considered. The task was simply to determine the feasibility and
benefits of a single concept - that the prototype treatment and disposal complex would be designed
to handle the majority of LLW categories, and any site could add any features they deemed
necessary to accommodate the peculiarities in their own unique, site-specific, special-case wastes.
The wastes excluded from treatment comprised less than 5% of the total. However, since the original
development of this concept in 1988, most of the exclusions have been eliminated.

MORE RECENT DEVELOPMENTS

The original 1988 design is functional as it stands, but improvements have been made to the
concept, even though no effort has been made to update and reissue The Report. What is described
herein reflects the latest developments. The cost of design, construction, and operation is expected
to increase only slightly, because some equipment has been added or removed, and some processes
have become more complicated or simplified. It has been decided to include the cost of developing
new roads, power lines, and utilities for placement of the complex on previously unused land,
additions that raise the cost somewhat.

Specifically, a 5000-ton compactor was eliminated altogether; a joule-heated melter was added
to accommodate sludges, resins, and possibly pyrophorics; use of reusable waste transport bins was
increased dramatically; sulfur polymer cement is to be used as the waste solidification agent instead
of Portland cement; mixed waste will be accommodated; and combustible liquids will be treated.
These changes accommodate all of the wastes looked at, rather than only 95%. There may, of
course, be wastes that cannot be treated adequately with existing equipment, but they are expected
to be in the extreme minority.

DESIGN AND OPERATION

In almost all past cases, waste treatment activities have been separated from disposal
operations. That concept resulted in miscommunication, transportation problems, health physics
problems, unnecessary contamination spread, and duplication of records, guards, workers, and
management. A key concept behind the WTDC is to locate the Waste Treatment Facility (WTF) and
the abovegrade, earth-mounded concrete disposal vault (AGEMCV) on one site, allowing a single
team under one manager to handle both treatment and disposal. Waste would be treated
appropriately in the WTF, then transported to the AGEMCV via an automated, short-haul, dedicated
transfer system. This feature eliminates cost, and potential problems associated with health-physics
inspections and U.S. Department of Transportation (DOT) regulations governing the shipping of low-
level radioactive wastes. Workers would be cross-trained, resulting in ongoing operational
improvements. The WTF will fully treat all entering waste using exactly the same treatment processes,
regardless of DOE or NRC waste classification. The WTDC would be a total system concept, a
complete facility for economically managing both the treatment and disposal of LLW.

Unsorted Waste and the Sorting Table

Some 65 vol% of the overall waste generated will be transported to the WTF in standard-sized,
reusable, double-lid bins measuring approximately 4 x 4 x 7 ft. Waste in those bins will be transferred
by a double-lid transfer system to a lazy-susan sorting table, which is similar to baggage claim
systems found in airports. Approximately 25 vol% of the total generated waste consists of organic
waste such as plastic bags, wipes, shoe covers, and rags that can be separated from inorganic waste
at the sorting table and routed to the organics shredder via conveyor. (This sorting feature has since
been added to the fully operational waste treatment line in the Scientific Ecology Group's waste
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treatment facility at Oak Ridge, Tennessee.) The remaining waste is inorganic, and is routed by
conveyors for plasma-arc torch sizing, shear sizing, shredder sizing, or is routed directly to the fines
separator.

Sorting is the key to achieving 1900% volume reduction in the WTF. To achieve that volume
reduction, it is essential that nearly all of the generated solid LLW be routed through the WTF. Waste
sorting inside the WTF and sorting by the generators will make it possible and practical to incinerate
nearly all organic material. An estimated 98 vol% of the waste leaving the WTF will be inorganic,
which dramatically minimizes previous problems with waste degradation, gas generation, and
subsidence after disposal.

Reusable Bins

In the original report, reusable bins were only routed to the sorting station. The most recent
concept calls for reusable bins containing generator-certified segregated waste to be routed directly to
the applicable treatment station (incinerator, joule-heated melter, sizing area, organics shredder,
inorganics shredder, and fines separator). While this change will increase design and construction
costs, it will reduce operating costs and radiation exposure of the workers.

Organic Waste Sizing

Organic waste in reusable bins and from the sorting table will be transported to the organics
low-speed shredder for fluffing, splintering, and general size reduction, all of which aid in total
combustion. This waste will be packaged and routed to the incinerator.

Controlled-Air Incinerator

Approximately 30 vol% of the waste is dry incinerable waste packaged in cardboard boxes by
the generators and delivered to the WTF in reusable international cargo containers. That boxed waste
will be routed directly to the WTF incinerator without sorting. On the other hand, railroad ties, timbers,
pallets, etc., that cannot be placed in reusable bins will be delivered through the sizing area airlock
and routed through the WTF to the organics shredder. Generator-certified, dry organic waste in
reusable bins, along with organic waste from the sorting table, will be routed directly to the organics
shredder. Organics exiting the shredder will be packaged for incineration in a dual-chamber,
controlled-air incinerator. The incinerators used are the same type as those successfully used at
INEL's Waste Experimental Reduction Facility (WERF), and at the Scientific Ecology Group.

Some 25 vol% of the organic waste will come from the sorting operation. Altogether, about
55 vol% of the total generated waste will be incinerated and the contaminated ash will be blended into
a grout mixture for an overall volume reduction of approximately 124 to 1. Periodically, fly ash will be
routed pneumatically to the fines blending tank. Hearth ash will be transported to the fines separator.
The incinerator will be used to combust flammable liquids (a new feature). The incinerator's
secondary combustion chamber provides 3 seconds of resident time at 2200°F, which will
accommodate most mixed waste.

Inorganic Waste Sizing

Approximately 5% of the generated waste consists of large metal items that require sizing
before being placed in the disposal box. Jigs, fixtures, and other cumbersome, contaminated metal
waste items too large for delivery in reusable bins will be delivered directly to the sizing area through a
large airlock. Other large metals will be delivered directly from the generator to the sizing area via
conveyor from the sorting table and also via reusable bin. Once sized by plasma-arc torch or shear,
those inorganic items can be placed in the low-speed shredder for further sizing, or placed directly in
the fines separator.
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Reusable bins filled with inorganics such as glass, rock, bricks, and reinforced concrete
(usually from decontamination and decommissioning efforts) will be delivered directly to the inorganics
shredder. The shredder will feed its residue to the fines separator.

Fines Separator

Shredded inorganic waste, incinerator hearth ash, floor sweepings, and designated waste in
reusable bins will be routed directly to a fines separator where particles 1/4 in. and smaller will be
removed and transferred to the fines blending tank by pneumatic conveyor. The larger items will be
conveyed by the fines separator to the inorganics accumulation and staging table.

Inorganics Accumulation and Staging Table

Inorganics larger than 1/4 in. coming from the sizing area and the fines separator, and
possibly reusable bins, will be accumulated on an enclosed table with a 3-ft by 3-ft hole in it. When a
disposal box has been affixed to the bottom side of the hole, selected inorganic waste will be pushed
into the hole by a rake manned by an operator on the outside of the containment. Once the box is
sufficiently full, it will be sealed and moved to the grouting area.

Fines Blending Tank

Fines from the fines separator, bag house, and incinerator hearth will be routed to the fines
blending tank on the second floor via pneumatic conveyors. Plasma-arc torch residue, floor
sweepings, and dust from dust collection systems throughout the WTF are also routed to the fines
separator. Dirt, sand, glass, rock, concrete, and gravel introduced to the shredder or to the fines
separator will provide a large portion of the fines. The fines will be used as aggregate for grouting.

5000-Ton Compactor

Originally, all the inorganic waste larger than 1/4 in. was to be routed to a "puck" box. The
puck box is filled, sealed, and automatically routed to a 5000-ton compactor, where it would be
reduced to a rectangular "puck." Since this sealed puck would contain voids that could not be
reached by grout, it meant that maximum volume reduction could not be achieved. This expensive
compactor was eliminated from the WTF. Its elimination reduces equipment, space, maintenance,
personnel cost, worker radiation exposure, and downtime, while improving the end product.

Joule-Heated Melter

Sludges and resins will be routed to a joule-heated melter for vitrification. Since the
temperatures reach 3000°F, some special-case mixed waste may also be directed to this system. It is
believed that pyrophorics up to 0.5 wt% can be treated in this mefter. The resultant glass will be
poured in small quantities and placed in the disposal box for grouting. The joule-heated melter is a
new addition to the WTF. In regard to the original cost estimate, its cost impact is expected to be
negligible since $200/ft3 was provided for this waste before the joule-heated melter was added.

Waste Grouting System

Grouting is the final treatment. All inorganic waste items larger than 1/4 in. surviving the fines
separation will be placed in inexpensive, uniform-sized, smooth-sided, thin-walled, carbon-steel
disposal boxes measuring 1 x 1 x 1 m. When filled, a thin lid with two cylindrical openings will be
permanently affixed to the box by a robotic welder. It is extremely important that the boxes be exactly
the same size for void-free stacking in the disposal vault; therefore, the box will be supported on all six
sides by a heavy metal mold-form that will also prevent bulging and assure the final shape is uniform.
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Sulfur polymer concrete (SPC) mixed with the contaminated fines (particles smaller than 1/4
in.) will be pumped into the boxes, filling most voids. Since sulfur polymer concrete is liquefied by
heat rather than water, there will be no liquid whatever in the final waste form. In fact, it will be
essential to heat the contaminated aggregate to SPC melt temperature prior to mixing, concurrently
driving off any moisture picked up by the waste from the atmosphere. The mold-form will contain the
disposal box until the sulfur polymer concrete has cooled enough to become firm. (Once cooled, SPC
has effectively reached its maximum strength, which is twice that of Portland cement concrete.) The
mold-form is removed and the disposal box proceeds through the normal package-identification
procedures (weighing, contamination check, radiation analysis, classification, inventory control, and so
forth). The approved disposal box is then placed on a small, covered railcar and delivered to the
AGEMCV, an abovegrade, earth-mounded, concrete vault, via a dedicated narrow-gauge rail system.

Aboveqrade, Earth-Mounded. Concrete Disposal Vault (AGEMCV)

The appendage-free boxes will be stacked tightly in an AGEMCV. To protect the disposal box
from water, the waste-box delivery zone and the entire vault will be covered by a roof during the years
of vault-filling operations. The AGEMCV is shown in Figure 1.
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Figure 1. The vault is placed above grade and above the probable maximum flood plain with a
sloped engineered cover to keep water from the waste. A water-shedding concrete roof will be
poured directly on top of the dense, essentially voidless waste stack, then topped by an engineered,
water-shedding earthen cover. Waste with the highest radiation or classification is placed on the floor
along the centerline of the vault, and the most benign waste is placed against the walls and ceiling.
Concreted in identical containers, the waste will have a density of approximately 195 Ib/ft , and will
support the concrete roof and the earthen cover without subsidence.
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VERSATILITY OF THE WTDC

As designed, the WTF could accommodate extreme variations in waste composition, with no
adverse impact on operations. The designed complex allows one area to close for maintenance with
minimal impact on operations in other areas. The WTF is designed to treat waste at a rate of 450,000
ft3 per year with a single crew working 5 days a week (the average annual volume of waste disposed
of at DOE LLW-disposal sites); however, it will accommodate several times as much waste by
enlarging the operations crew and implementing a three-shift, 7-days-per-week work schedule. As
waste throughput increases, the cost of treatment and disposal decreases, and of course, the
opposite is true.

VOLUME REDUCTION POTENTIAL

Over a 30-vear period, the WTF portion of the Waste Treatment and Disposal Complex would
treat 13,500,000 ft3 of incoming LLW and produce 790,000 ft3 for disposal in the AGEMCV. The
technical volume reduction achieved by treatment alone is 17 to 1. The actual volume reduction for
disposal is 19 to 1, which is achieved by using smooth-walled, standard-sized, disposal boxes that are
cubular and have no appendages. This ensures that extremely dense packing in the vaults can be
achieved with essentially no voids. (Cylindrical containers and containers with forklift cleats or lifting
lugs create large voids in today's waste stacks, and promote subsidence.)

The WTDC volume reduction factor is quite significant when compared to the overall reduction
factor of LLW treated at the INEL. In 1988, WERF was able to process 60% of the LLW generated on
the site with a volume reduction ratio of 10.5:1 (the most efficient waste reduction ratio in the DOE
system). However, without sorting, the remaining 40% of waste generated at the INEL could not be
processed by WERF. This brought the overall reduction ratio for the INEL site down to 2.5:1. Using
the same LLW generated in 1988 at the INEL, the WTDC would be able to process 100% of the waste,
for an overall volume reduction ratio of 19:1.

A volume reduction ratio of 19:1 is impressive, but this factor will increase and decrease as the
waste composition changes. What is important is that, short of melting, the density for any given
waste will be near the achievable maximum.

COST OF CURRENT WASTE TREATMENT AND DISPOSAL TECHNOLOGY

Current treatment of low-level radioactive and mixed waste is expensive. Many experimental
systems have been constructed, and shut down without processing any waste. Others are minimally
effective.

Current disposal practices are expensive. Disposal containers are expensive, and the
manpower required to place waste in them and seal them is also expensive. The concept of using
high integrity containers (HICs) is very costly and does nothing to enhance the waste form. Different
equipment is required to handle and stack many different container types; high radiation packages
require special handling; stacked packages are covered with earth and then subsidence occurs, and
Health Physics is always involved at both the treatment facility and the disposal facility. All in all,
considerable manpower is expended. Worst of all, most of the waste will probably be dug up and
reprocessed in our life time. The cost has been high, and may skyrocket.

DOE's 1987 Annual Report to Congress stated that disposal of low-level radioactive waste in
earth-mounded concrete bunkers could range from $45/ft3 to $113/ft3.2 There is little doubt that the
waste that would have occupied those bunkers would not have equaled the quality of WTDC waste,
nor would the radiological performance assessment come anywhere close to that of the WTDC.
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COST AVOIDANCE WITH THE WTDC

The WTDC will eliminate a great deal of expense and radiation exposure to the workers by relying on
reusable double-lid bins to transport the waste to the WTF. Automated systems will be used at the
generator's site to move the reusable bins into waste-collection positions, transport the waste to the
WTF, discharge the waste into the appropriate treatment systems, and transport the empty bins back
to the generator. It is the use of reusable containers that provides the major cost savings in the
30-year life of the WTDC:

1. The reusable bin, which will measure approximately 4 x 4 x 7 ft, is a closed system concept of
automated waste packaging. These bins can be placed in the generator's facility at strategic
locations and manually loaded without the manpower-intensive, waste-item wrapping that is
now required, because the "interior* surfaces of the bin can be exposed to contaminated
zones, while the "exterior" of the bin is only exposed to clean air. When the bin is full, it is
closed automatically and retracted from the system. The only surface that can be
contaminated is a tiny line around the lid that can be wiped and swiped quickly. Hardly any of
the normal maintenance and precautions required for today's boxes and drums will be
required (no exterior plastic covering while filling, no knives, no tape, no blotter paper, etc.).
Upon delivery, the same advantages are offered at the WTF; the waste is dumped from the bin
to the treatment system and the bin is closed and retracted with minimal human involvement.

2. Because the waste does not require the wrapping that it now requires, the sorting operators
will spend less time in a contaminated environment unwrapping the waste items. Less time,
less exposure, less cost, and less chance for skin contamination.

3. The WTDC will be disposing of approximately 19 times fewer containers, each of which is
expensive. In contrast, the onetime procurement cost for some 1600 reusable containers that
can be used approximately 100 times is small, and the cost of the WTDC disposal box is quite
small.

4. With 19 times less waste for disposal, there will be less handling, less radiation exposure to
workers, and less disposal land to purchase and manage.

Some people will question the wisdom of constructing an AGEMCV, wondering how we can
justify such an edifice "when it's only for low-level and mixed waste." There are two strong
justifications: one, it should go a long way in proving to the public that we are serious in our efforts to
clean up the waste; two, it will be less expensive than current concepts. The latter is an example of
early high expense to save later higher expense. The vault and its automatic stacker are expensive,
but the waste is all uniform in size and shape and is stacked with an automated (robotic) system with
essentially no human involvement. Worker expenses in current systems would quickly exceed the
cost of a concrete vault. The computer inventory system will tell the stacker system where to place
each disposal box -- it can even store the box on the vault floor until a suitable permanent location is
available. (The most radioactive waste is placed along the centerline of the vault and on the floor,
while the most benign waste is placed along the walls and at the ceiling.)

COST AND QUALITY OF DISPOSAL USING THE WTDC

Based on the preconceptual design presented in The Report, the cost of treatment and
disposal in the WTDC for a 30^year period was $17/ft3 of incoming waste. With $50M cost-avoidance
for reusable bins, it was $13/ft . So that the cost is not misquoted, it must be explained. The cost
includes design and construction, permits, materials, operating personnel, overhead, environmental
monitoring, post-closure environmental monitoring, operational testing and modification, allowance for
generator-treated waste, decontamination and decommissioning of the WTDC, and post-closure site
maintenance (all based on a 30-year operating life). Cost of transportation was not included since it
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would stay essentially the same as it is. In hindsight, transportation probably should have been
calculated and included in the developmental costs. The cost is in 1988 dollars. No interest or
inflationary figures were added. Furthermore, the cost calculations were based on the precise waste
examined, the precise quantity, and the precise rate of treatment used in The Report. The cost was
based on the waste treatment and disposal concept developed in the original 1988 report and has not
been adjusted for the improvements in concept. Any change in these and other variables will change
the cost figure.

The WTDC has been presented across the nation for two years, and some 600 copies of The
Report have been issued, yet there have been no adverse comments except on Portland cement
(which has been replaced) and on how the cost was based on cost avoidance and contained no
inflationary adjustments. An 11 -member Value Engineering team reviewed The Report for a week and
recommended no changes. Rogers and Associates Engineering reviewed the concept presented in
the report while developing its radiological performance assessment of the WTDC and found it to be
30,000 times better than required by governmental agencies.3 This concept has been challenged
many times, and has been proven successful - primarily because it is an amalgam of the nation's
leading research into waste treatment systems.

SUMMARY

Organic waste is incinerated to an inorganic condition, all waste is treated to a water-free
condition, the waste solidification agent has no water in it and is actually impervious to water, the
disposal box is sealed to prevent water entry, a temporary roof keeps water out of the vault during
filling, atmospheric water is kept out of the waste stack by a concrete roof and by a water-shedding
earthen cover over the roof, and groundwater is discouraged from entering the vault by placing the
vault above grade and above the probable maximum flood plain. It is safe to say that reasonable
efforts have been taken to eliminate leaching of contaminants to the environment.

If the WTDC cost were to jump by a factor of 10, the WTDC would still be a bargain. Its
minimal cost is insignificant when compared to the cost and benefit of the nuclear power plants that
might be built if the WTDC were constructed.

CONCLUSION

Even though current disposal systems may meet existing regulations, complete treatment and
enhanced disposal of LLW in abovegrade, earth-mounded, concrete disposal vaults will surely be
perceived by the public as a positive change and may well be a factor in leading the way toward
public acceptance of nuclear power as a pollution-free source of energy for the nation.
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