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ABSTRACT

Functional requirements for the smelting of metal scrap contaminated
with low-enriched uranium in a Metal Smelting Facl i ty (MSF) have been
determined. The process w i l l be designed to smelt ferrous metal scrap
that has accumulated at the Oak Ridge Gaseous Diffusion Plant (ORGDP)
into one-ton ingots at a rate of 40 ingots per day (10,000 tons/year).
Total scrap inventories at the ORGDP are currently estimated at 28,000
tons. The di f fusion plant scrap is primari ly contaminated with TOO to
200 ppm U at an enrichment of 0.5 to 1.5% 23b[j. The scrap is considered
special nuclear material (SNM) and cannot be handled by commercial
smelters without specif ic l icensing. Slagging w i l l be performed to
remove contaminants from the metal and concentrate them in the slag.
Process systems w i l l include scrap handling, size reduction, preheating
and charging, melting and slagging, ingot casting and storage, and fume
exhaust. The MSF has been proposed for FY 1984 l ine item funding.

INTRODUCTION

About 28,000 tons of contaminated ferrous and nonferrous scrap have
accumulated at the Oak Ridge Gaseous Diffusion Plant (ORGDP) over the
past 35 years. However, most of th is scrap has been generated within
the last 10 years by major upgrading of the uranium enrichment f a c i l i t i e s .
Plant operations before upgrading generated about 200 tons/year of
contaminated metal waste.

The di f fusion plant scrap is primarily contaminated with 100-200 ppm
ppm uranium at an enrichment of 0.5 to 1.5% 235[j. Because the scrap is
considered special nuclear material (SNM), attempts to interest commercial
smelters to process th is material have been unsuccessful. Licensing
requirements, security clearances, radiation surveys, medical checkups,
slag recovery as SNM, d is t r ibut ion of contamination through f i l t e r s and
auxi l iary equipment, and transportation costs have been cited as potential
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deterrents to commercial processing of the scrap. In addition, the
generation rates and total tonnage involved here are considered small by
industrial processing standards.

The effectiveness of smelting as a means of reducing contaminated
scrap volume has been demonstrated at the Paducah, Kentucky, Gaseous
Diffusion Plant, the DOE Feed Materials Production Center near Cincinnati,
Ohio, and the Portsmouth Gaseous Diffusion Plant at Piketon, Ohio. A
total of five specialized smelters are operated at these sites, primarily
as a means of destroying the identity of security-classified scrap
components.

The ORGDP Metal Smelting Facility (MSF) has been proposed to provide
the necessary equipment for the volume reduction of both ferrous and
nonferrous scrap by smelting. The facility is designed for two-shift
operation, processing 40 tons/d of ferrous scrap for an annual production
rate of 10,000 tons/year. All systems within the facility will be
standard foundry-type equipment. No development of special facilities or
operations will be required.

DESIGN REQUIREMENTS

A generalized flowsheet showing the processing systems to be included
in the facility is presented in Figure 1. The primary operating systems
are

1. size reduction,

2. preheating,

3. metal melting,

4. melt slagging,

5. ingot casting,

6. fume exhaust handling,

7. facility support.

The various processes listed will be housed in a preengineered metal
building near the metal scrapyard. The main processing building will be
16 m wide by 73 m long (54 by 240 ft), containing about 1200 m2 (13,000
ft2) floor sp?ce. Two small auxiliary buildings attached to the main
structure will provide office space, a small laboratory, change room
facilities, and a slag processing room. A general layout of the facility
is shown in Figure 2.



SIZE REDUCTION

This sytem consists of the equipment necessary to reduce the scrap to
a size compatible as feed to the melting furnace. Large items, as shown
in Figure 3, will be cut in the field with plasma-arc torches- The scrap
will be loaded into trucks by a fork lift or an electromagnetic hoist and
transported to a central size reduction area near the MSF. Final size
reduction will be accomplished by shears, saws, and torches. Typical
final size will be 0.3 by 0.6 m (1 by 2 ft) for efficient furnace loading.
Mechanical size reduction equipment will be utilized to the fullest extent
possible.

PREHEATING FURNACE

The preheating furnace consists of a commercially available gas-fired
furnace capable of preheating the sized scrap to 375 to 425°C before the
scrap is fed to the induction furnace. Preheating drives off moisture,
volatiles, and other foreign materials. Throughput of this furnace is
compatible with the melting furnace operations. Cleaned scrap is fed by
vibration into a furnace loading bucket, which is moved by crane to the
top of the melting furnace. The scrap is unloaded through the bottom of
the bucket directly into the furnace.

METAL MELTING

The metal melting system consists of two coreless induction furnaces
and one power supply unit. One furnace will be operational, the other on
standby. Each furnace will be a nominal 6 to 8 ton capacity unit, capable
of melting and pouring 1-ton ingots at a projected production rate of
4 ingots every 90 min. The furnace operation is fully automatic, with
each unit capable of tilt pour operation. The induction furnace line
frequency is such that the system will melt both ferrous and nonferrous
materials. The reference material for the design of the facility is
ferrous.

METAL SLAGGING

This system consists of the necessary equipment to add fluxing agents
to and remove slag from the molten metal. Low-enriched uranium will be
concentrated in the slag formed by the flux, thereby decontaminating the
melt to a large degree. The flux is typically a mixed composition of
calcium, silicon, and iron oxides or crushed borosilicate glass. Both
manual and automatic equipment is currently being considered for slag
removal from the furnace before ingot pouring. The slag, when removed from
the furnace, will be placed in slag pots for cooling and then transferred



to the slag processing room, where it can be mechanically granulated for
packaging in drums for burial. Current estimates are that about 23 kg
(50 lb) of slag will be produced for each ton of metal poured.

INGOT CASTING

The metal casting equipment consists of the necessary molds and
related equipment needed to cast ingots directly from the induction
furnace. Each ingot will weigh about 900 kg (2000 1b) and be shaped for
stacked storage. Included in the ingot casting system are the equipment
items required for mold relining and repair.

FUME EXHAUST HANDLING

This system consists of the equipment necessary to collect
particulates and fumes produced during in-building size reduction, scrap
preheating, and melting and casting operations. Both canopy hoods and
side draft hoods will be used for fume collection. The system is designed
to handle an airflow of 31 std m^/s (65,000 scfm). The fume collector
system terminates in a five-compartment bag house filter, four compartments
operational and one on standby.

FACILITY SUPPORT

Various items of equipment necessary for the efficient operation of a
facility of this type are included within this section. Major equipment
items are as follows.

1. Overhead cranes — The MSF building will be equipped with two
overhead bridge cranes, one 5-ton and one 10-ton capacity.

2. Motor-generator set — A 300-kW diesel-powered motor generator set
is provided to operate specific items of equipment in case of normal power
failure. Items to be operational with emergency power are the fume exhaust
system, bridge cranes, induction furnace tilt and cooling system, and
facility lighting.

3. Metallurgical laboratory — A small building attached to the MSF
will house a laboratory containing a direct-reading spectrographic
analysis unit for rapid analysis of melt samples.

4. Furnace relining — The interior refractory lining of the induction
melting furnaces will require periodic replacement. Equipment items
required for relining include an air compressor, a sand blaster, pneumatic
tools and vibrators, cooling fans, and metal starter forms.



MANPOWER REQUIREMENTS

Manpower requirements for the MSF have been estimated at 25 to 30.
This range reflects the uncertainty as to clerical, maintenance, and
supervisory personnel required to be assigned full-time to the facility.
To produce the desired output of 40 tons/d, the facility will operate on a
two shift per day, five day per week basis. This gives a 65 to 70%
operating efficiency, which is comparable to that of commercial foundries.

COST AND SCHEDULE

The MSF will be submitted to DOE for FY 1984 funding as a line item
facility. Construction will begin in FY 1985, with a completion date of
the fourth quarter of FY 1986. Preliminary escalated cost estimates for
completion of the MSF are in the $11—12 million range. The estimated
annual operating cost is about $2.5 to $3 million per year, depending
primarily on the size of the staff.

CONCLUSION

Once smelting of the ORGDP stockpile has been completed, the Metal
Smelting Facility will have excess capacity, and could be used to support
on-site demolition activities. Also, scrap from other diffusion plants
could be shipped in for processing. Current scrap stockpiles at both
Paducah, Kentucky, and Portsmouth, Ohio, are comparable to that at
Oak Ridge. If the ORGDP smelting facility were operational today, the
total three plant inventories could be processed within eight years.

The current practice of storing scrap metals above ground results in
poor utilization of land, building storage facilities, and reusable metal
resources and should not be continued indefinitely. Current burial cost
makes other options, such as matal smelting, economically attractive. A
smelting facility is a desirable method to process the scrap for a number
of reasons: (1) smelting reduces the scrap to its most dense form, (2)
contaminants can be concentrated in the slag, thereby, reducing the volume
of radioactive waste, (3) smelting is a common industrial practice, and
(4) smelting does not preclude other options such as burial, storage, or
recycle.
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FIGURE 1. Metal Smelting Facility Process Flowsheet.
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FIGURE 2. Proposed Metal Smelting Facility.



FIGURE 3. Large-Diameter Scrap Components at Oak Ridge Gaseous Diffusion
Plant.
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