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INNOVATIVE TECHNOLOGIES FOR RECYCLING CONTAMINATED CONCRETE AND

SCRAP METAL

Steven J. Bossart and'_Johnny Moore

U.S. Department of Energy

ABSTRACT

Decontamination and decommissioning (D&D) of the U.S. Department

of Energy's (DOE) surplus facilities will generate enormous

quantities of concrete and scrap metal. In 1992, the Morgantown
Energy Technology Center (METC) of the DOE issued a solicitation

that sought proposals to develop innovative technologies for

recycling and reusing materials generated from D&D of DOE facili-

ties. Eight of the research proposals selected for award will
. endeavor to develop superior technologies to decontaminate and

recycle or reuse concrete and scrap metal. With sufficient
decontamination, much of the concrete and scrap metal could be

released as scrap to the commercial sector or reused within the

DOE complex. The economic incentive to recycle or reuse mate-

rials, including strategic metals such as nickel, is significant

if the materials are properly decontaminated. This paper dis-
cusses the development status of several innovative technologies

to decontaminate and recycle or reuse scrap metal and concrete.

INTRODUCT ION

Contaminants and waste have been generated at DOE's weapons

fabrication and nuclear fuel processing facilities since World

War II. One of the DOE's major goals is to clean these contami-

nated facilities by the year 2019. The primary contaminants at
DOE sites are radioactive substances, organic compounds, and

heavy metals. The most common radioactive contaminants are

isotopes of uranium and plutonium, although lesser quantities of
thorium, technetium, neptunium, and americium are also found.

Organic contaminants include lubricating oils, cutting fluids,
kerosene, solvents, polychlorinated biphenyls, and trichloro-

ethylene. Heavy metal contaminants include mercury, arsenic,
chromium, lead, and cadmium.

Following decontamination, substantial quantities of materials
from the DOE facilities could be reused or recycled by the com-

mercial sector or within the DOE complex. Recycling these mate-

rials has several advantages, including elimination of costs for

waste disposal and long-term monitoring, conservation of natural

resources by reducing mining of new raw materials, and energy

reduction because less energy is needed for processing recycled
materials.

DECONTAMINATION AND DECOMMISSIONING

Currently, about 400 DOE facilities are scheduled to undergo D&D.
About 7,000 DOE facilities will eventually undergo D&D. The

types of equipment and facilities requiring D&D include nuclear
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i reactors, accelerators, nuclear fuel reprocessing and enrichmentfacilities, tanks, glove boxes, hot cells, waste processing
i

i plants, and analytical laboratories. Decontamination and decom-
missioning will bring_these facilities to final disposition and
closure. Closure options include limited use of structures,

unrestricted use of structures, in-situ demolition, and demoli-

tion and removal to create a "greenfield" site.

Exact quantities of contaminated concrete and scrap metal in the

DOE inventory are not available. It is estimated that there are

1,360,000 tonnes (I,500,000 tons) of radioactive scrap metal

il (RSM) in storage at DOE facilities (I) . This inventory includes

!I 177, 000 tonnes (195, 000 tons) of aluminum, 34, 000 tonnes (38,000

tons) of copper, 2,700 tonnes (3,000 tons) of lead, 222,000

tonnes (245,000 tons) of nickel, and i, 180,000 tonnes (1,300,000
tons) of steel. It is estimated that D&D will add_at least .

907,000 tonnes (i,000,000 tons) of RSM to the inventory. Decon-

tamination and decommissioning of the Gaseous Diffusion Plant at

Oak Ridge alone may generate 703,000 tonnes (775,006 tons) of RSM

over a ten-year period.

The market value of RSM in the current DOE inventory is shown in
Table I.

PLACE TABLE I HERE.

Little overall data exists on contaminated concrete materials in

storage. Several examples may be cited that indicate concrete

materials generated from greenfield activities may exceed metal

generation, especially in buildings with very little process

equipment remaining. In one Oak Ridge Building alone, approxi-

mately 11,800 tonnes (13,000 tons) of scrap metal in equipment

and structures are supported by approximately 27,200 tonnes
(30,000 tons) of concrete floors and foundations. The surface

area of concrete materials in process buildings at the K-25 Site

is estimated to be over 2,185,000 square meters (23,520,000
square feet) (2). If less than 5 percent of the concrete volume

must be scabbled or decontaminated with innovative technologies

described in this paper, 560 tonnes (620 tons) of contaminated

fines requiring disposal could free over 545,000 tonnes

(600,000 tons) of potentially recyclable concrete. It is very

possible that concrete tonnage may dwarf metal tonnage when D&D

of facilities is initiated. In certain parts of the country

where aggregate is plentiful, the potential of using recycled

concrete for roadbed fill, rip rap, and backfill for construction
projects is low. Further development of recycled concrete prod-

ucts is required.

TECHNOLOGY DEVELOPMENT ISSUES

As substantiated by Table i, there is great economic incentive to

recycle and reuse scrap metal in storage and generated during D&D
of DOE's facilities. To realize this economic benefit, tech-

nology developers must overcome many technical, economic,



environmental, regulatory, and social issues when developing

their recycle and reuse technologies. Some of the issues that

must be addressed during development of concrete and scrap metal
decontamination and recycle technologies include:

• Will the building or equipment be reused or demolished after
decontamination?

• What are the types and concentrations of contaminants?
• What is the location (i.e., internal or external) and

penetration depth of the contaminants?
• Is the contamination fixed or removable?

• Is the technology cost-effective?

• Is the technology portable?

• Does the technology minimize exposure of the workers to
contaminants?

_ • Does the technology minimize generation of additional waste? ° _

• Will the technology be readily accepted by regulatory

agencies and the public?

METC SOLICITATION

In July 1992, METC released a solicitation entitled "Recycle,

F_euse, and Disposal of Materials from DOE's Decontamination and

Decommissioning Activities" to solicit private sector interest in

developing and demonstrating innovative environmental remediation

technologies.

The solicitation requested proposals to develop innovative tech-

nologies for recycle and reuse of concrete and scrap metal. Fol-

lowing successful development, an innovative technology will

undergo full-scale demonstration at DOE's facilities in Oak

Ridge, Tennessee, Fernald, Ohio, or other DOE or private-sector

sites. In January 1993, DOE announced selection of proposals for
award of contracts (3). Eight of these proposals pertain to

development and demonstration of technologies for recycle and

reuse of concrete and scrap metal. The proposer, project title,

and brief description of each project follow. As of July 1993,

most of these projects were under negotiation.

DECONTAMINATION A_D RECYCLE OF CONCRETE

Isotron Corporation, New Orleans, Louisiana
Electrokinetic Decontamination of Concrete

Isotron will use its ELECTROSORB _ process, which combines a

polymeric electrode entrapment system together with electrokine _-
tic extraction techniques to remove contaminants from concrete.

Figure 1 shows a schematic of the ELECTROSORB process. First, a

complexant soaks the concrete to convert insoluble contaminants
to stable ions, which will migrate in an electric field. For

solubilization of uranium, the concrete floor may be _oaked with

complexants such as ammonium bicarbonate. When an electric field

is applied, contaminants migrate from the bulk contamination zone
to the electrodes, where a pol_qner encasement around the



electrodes absorbs the contaminants. After the polymer coating

has absorbed the contaminants, it can be stripped and disposed as
low- level waste.

Isotron has removed uranium and radium from soils using the

ELECTROSORB _ process. During demonstration testing, the

ELECTROSORB _ process removed greater than 80 percent of uranium
from the soil. Isotron will further demonstrate its

ELECTROSORB _ process to decontaminate a 6-square-meter (65 ft 2)

section of concrete in the K-29 building at DOE's Oak Ridge site.
]

| PLACE FIG. 1 HERE

| AWD Technologies, Rockville, Maryland

Decontamination/Recycle of Concrete

AWD will develop a process called AWD-CON, which includes a
concrete decontamination subsystem and a separation subsystem.

Figure 2 shows a schematic of the AWD-CON process. The decon-
tamination subsystem starts with a dry-vacuum surface clean±ng of

the concrete in which vacuumed dust is collected with a high

efficiency particulate air (HEPA) filter. The vacuuming is

followed by successive application of a detergent, a caustic

solution, auld an acid in the form of foamed cleaning agents.
After each application, the concrete surface is rinsed with

pressurized water and characterized for contaminants. If still
contaminated, the concrete surface is removed in 3- to 6-

millimeter (0.12 to 0.24 in) depth intervals using a high

pressure (i.e., 200,000 kilopascals [29,000 psi]) water blast.

Water containing pieces of concrete and grit will be filtered in

the separation subsystem. First, a macro filter removes debris

greater than 25 micrometers. Next, water passes through a
coalescing filter to remove o'i and grease. The water then

passes through a graduated series of filters to remove particles
greater than 0.I micrometer. The water is tested to determine

whether it can be recycled or requires further treatment. If

required, the water is treated in a reverse osmosis unit to

remove dissolved salts, followed by treatment in an ion exchange
unit to remove dissolved uranium. Following removal of inorganic

constituents, the water can be treated in an activated carbon

unit to remove residual organic compounds. Contaminants con-

centrated in the collected particulates and filter elements must

be stabilized prior to disposal. The volume of the concentrated
waste is expected to be a small fraction of the volume of con-

crete that is decontaminated in the AWD-CON process.

PLACE FIG. 2 HERE

OceaneeriJ_g Technologies, Upper Marlboro, Maryland

Development of Productive Remote Dry Ice Pellet Decontamination

System

W
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Oceaneering Technologies Incorporated (OTI) and Waste Minimiza-
tion & Containment (WMC) Services will combine a remote-operated

vehicle (ROV) and a C ryogenesis unit to develop a ROVCO 2 system
for decontamination of concrete. The patented Cryogenesis unit

begins by introducing dry ice particles into nitrogen gas moving

at high velocity. The particles of dry ice blast into the con-
crete, sublime, are vacuumed and collected in a HEPA filter with
the contaminated debris.

OTI will design a ROV for operating the Cryogenesis unit. The

ROV is based on a six-wheel vehicle powered through a tether that

is I00 meters (328 ft) long. The tether consists of three hoses
and an electrical umbilical cord. One hose supplies the dry ice

pellets; another hose furnishes nitrogen to the blasting nozzle;
and the third hose vacuums the contaminated concrete debris for

collection in a /IEPA filter. _ The electrical umbilical cord

carries power to the ROV and communicates signals from various
sensors (e.g., television, air turbidity, radioactivity, sonar

positioning) mounted on the ROV to the operator. The ROVCO 2
system generates no secondary waste, minimizes removal of non-
hazardous material, and eliminates worker exposure to
contamination.

AVCO/Textron Defense Systems, Everett, Massachusetts

Concrete Decontamination by Electro-Hydraulic Scabbling

Textron Defense Systems will develop an electro-hydraulic (EH)

device that has the potential for faster, safer, and cheaper

scabbling of contaminated concrete surfaces. In this device,
shock waves and cavitating bubbles are generated in water by

strong electric discharge pulses between two mechanically

positioned electrodes. The direct and reflected shock waves

impinge on the concrete surfaces, crushing and cracking the
concrete. The water efficiently transfers discharge energy and
retains debris. The amount of water used is minuscule compared

to scabbling with a high-pressure water jet.

The power supply, water pump, filters, tank, separator, and robot

for controlling the position of the electrodes and water jet are
mounted on a mobile carriage. Concrete rubble is separated from
the waste and retained in a tank; the filtered water is recircu-

fated for additional scabbling. Textron estimates that a 32-
kilowatt EH device will scabble concrete at a rate of 12 square

meters per hour (2.2 ft2/min), which is about double the

scabbling rate for an ultra high-pressure water jet.

OBG Technical Services, Inc., Syracuse, New York

Soda Blasting Evaluations

OBG Technical Services, Inc. will evaluate soda blasting tech-

nology for use in cleaning contaminated concrete and metal
surfaces. Sodium bicarbonate, the media that is used as the

abrasive in soda blasting, is non-hazardous to the operators and
the environment. The inherent water solubility of sodium



bicarbonate makes it an excellent candidate for waste minimi-

zation and recovery of particulate via filtration. Bag filters
and cartridge filters will be evaluated for the removal of par-

ticulate contaminati0'n. Following filtration, naturally
occurring zeolite (i.e., clinoptilolite and montmorillonite) will
be evaluated for removal of the dissolved radionuclides.

DECONTAMINATION AND RECYCLE OF CONTAMINATED SCRAP METAL

Scientific Ecology Group, Inc., Oak Ridge, Tennessee

Recycle and Reuse of Radioactively Contaminated Scrap Metal

SEG will decontaminate about 45 tonnes (50 tons) of contaminated

scrap metal and fabricate various types of radioactive waste

transportation and disposal containers. They will decontaminate

scrap carbon and stainless steels by shot blasting and melting.

The metal will be melted and then poured into ingots or cast

into cylinders or plates, depending on the final product. SEG
will fabricate metal radioactive waste containers, stainless

steel vitrified waste canisters, or other products, including

carbon steel reinforcing bars and reinforcing fiber mats. The

reinforcing bars and mats will be used in the construction of DOE
concrete containers or structures. In July 1992, SEG opened

their new Metal Processing Facility, which is dedicated to reuse
of contaminated metals. In the facility, they are currently

manufacturing high-energy shield blocks from contaminated scrap
metal.

Manufacturing Sciences Corporation, Oak Ridge, Tennessee
Advanced Tec.hnologies for Decontamination and Conversion of

Radioactively Contaminated Scrap Metal to High Value Intermediate
and Final Product Forms

Manufacturing Sciences Corporation (MSC) and the Colorado School

of Mines (CSM) have teamed to develop a technology for reusing

RSM. They will decontaminate the nickel, then alloy it with
decontaminated steel and purchased chromium to produce stainless

steel. They will use the stainless steel to make containers
suitable for storing vitrified high-level nuclear waste.

The nickel is contaminated with uranium compounds and fission

products, including technetium, neptunium, plutonium, and
americium. Technetium is the most tenacious of the contaminants

to remove from the nickel. Inductoslag refining will be evalu-

ated for removal of bulk technetium, while ion-exchange-assisted

acid etching will remove surface technetium.

Molten Metals Technology, Inc., Waltham, Massachusetts

Catalytic Extraction Process of Contaminated Scrap Metal

Molten Metal Technology (MMT) will apply its patented technology,

Catalytic Extraction Processing (CEP), to D,SM. Figure 3 shows a
schematic of the process. CEP employs a high-temperature sealed

system that uses a molten metal bath as a catalyst and solvent to

Till ...... la
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break down the molecular structure of hazardous and non-hazardous

wastes into their elemental constituents. Through the addition

of selective reactants, these elemental building blocks can form

commercially viable p_oducts that partition into a metal phase, a

vitreous phase, or a gaseous phase. Radioactive elements are

stabilized in a dense, low-volume vitreous phase. The molten

metal phase is suitable for DOE reuse. The recovered gas phase,
a synthesis gas containing hydrogen and carbon monoxide, is

passed through a gas treatment train to remove particulates and

cool the gas. The CEP technology has been previously applied to
a wide assortment of listed hazardous waste, characteristic

hazardous waste, manufacturing by-products, and industrial

intermediates, including weapon components, spent catalysts, and
toxic organics.

PLACE FIG. 3 HERE ,.

CONCLUS ION

Through award of eight contracts under the solicitation, DOE is
continuing efforts to develop innovative technologies for decon-

tamination and recycling or reusing of concrete and scrap metal.
There is great economic incentive for recycling or reusing

;i materials generated during D&D of DOE's facilities. If success-

fully developed these superior technologies will enable DOE to

clean its facilities by 2019. These technologies will also

generate a reusable or recyclable product, while achieving D&D in

less time at lower cost with reduced health and safety risks to

_i the workers, the public, and the environment.
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TABLE I

Market Value of RSM

Market Price Quantity Market Value

Metal ($ per ton)" (tons) (dollars)

Nickel 6,000 245,000 1,470,000,000

Steel 107 1,300,000 139, i00,000

Aluminum 600 195,000 117,000,000

Copper i, 500 38,000 57,000,000

Source: William E. Murphie, M. Judson Lilly III, George R.

Bierman, and Michael L. McKernan, "Recycling of Radioactive

Scrap Metal in the U.S. Department of Energy, " Proceedings
of National Conference Minimization and Recycling of Indus-
trial and Hazardous Waste '92.

*Nominal market prices, 1990-1991
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