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Experience with Melting
Beta and Gamma Contaminated Metals

J. Feaugas, D. Laplante, Y. Puechlong and J.R. Barbusse
Rhone Valley Research Center, BP 171, 30200 Bagnols-sur-Cèze, France

Abstract

Following a description of the melting facility operated for purposes of decommissioning the G2
and G3 gas-cooled reactors at Marcoule, the physical and radiological characteristics of 4070
tonnes of metal processed to date in the furnace are discussed. Considerable data have been
recorded regarding operating and measurement procedures; the results show that secondary
wastes account for less than 5 wt% of the processed scrap metal, and that all the I37Cs is
transferred to the dust and slag. During the last two months of 1993, the ingot mold line was
replaced by rails on which dollies carrying integral workform molds can be moved into position
beneath the casting ladle.

1. Description of the INFANTE Facility

1.1 Internal Process Equipment
The process equipment is situated in the following zones (refer to layout drawing and
elevations):

• The conditioning zone, in which scrap metal supplied in sealed containers via an entry lock is
selected and prepared for melting.

• The melting zone, containing the arc furnace in which the scrap is melted down and transferred
to a casting ladle; 10 to 12 tonnes of metal are processed in each melt, with a maximum capacity
of 4 melts per day.

• The ingot casting zone, where up to 28 tonnes of pig iron can be cast per hour and cooled down
to about 650°C; the ingots are automatically dumped from their molds and removed via an exit
lock.

• The control and monitoring rooms: all the production is remote-controlled from air-conditioned
rooms providing operators with a direct view of the process through windows or by means of a
video surveillance system. The furnace, casting ladle and ingot line are all computer-controlled,
as the process alarm system, the ventilation system, the radiological monitoring system and the
building fire alarms.

1.2 External Support Equipment
Ancillary equipment required to operate the steelworks include high, medium and low-voltage

electric power supplies, hydraulic equipment, ventilation room (comprising a bag filter, reusable
high efficiency filters and very high efficiency safety filters), a 400 kVA standby power generating
unit, air conditioning system and ventilation exhaust stack.

1.3 Ventilation Systems
The facility includes two ventilation systems:

• a blower system forces air into the steel melting zones;
• an exhaust system draws air from beneath the furnace roof at the point where the smoke is

generated (the exhaust stream is cooled by a water jacket); air is also exhausted from the furnace
room by an overhead hood, and from the ingot molding line (via an air drier).
The other rooms are ventilated by airflow into the melting room.

Explicat ion: 1 (metricton) = 1 tonne = 1000.kg - 1 ton = - 1 0 1 6 k g



Three levels of filtration are provided: reusable bag filters, reusable high efficiency filters, and
nuclear grade very high efficiency particle filters, with a total process airflow of 40 000Nm3-h''.
The temperature at the bag filter inlet does not exceed 125°C, although the filter media are designed
to withstand temperature of 200°C. On exiting the bag filter, the air is cooled to 60-65°C in a heat
exchanger before it is ducted across a battery of reusable Servithen ANKE S Y 40.6 high-efficiency
filters. Nuclear safety is ensured by a third bank of very high efficiency filters incorporated in the
Servithen filter unit.

The filtered airstream is controlled by an atmospheric analyzer before it is discharged through
the stack. The surveillance system also includes fire detectors and atmospheric monitors,

2. Scrap Metal Properties

2.1 Physical Properties
Most (94.9%) of the scrap metal melted in the furnace comes from the G2 and G3 gas-cooled

reactors at Marcoule; the remainder includes decommissioned materials from the Rapsodie fast
breeder reactor at Cadarache (1.8%) and recycled dust and cast iron (3.3%). The scrap is received
in a variety of forms due to the dismantling (cutting and decontamination) and conditioning
techniques used at the decommissioning sites (Figure 1).

A total of 4070 tonnes have been melted to date, with four major categories indicated in
Figure 2. Additives designed to obtain the desired metallurgical properties, consisting of 68%
graphite and 32% ferrosilicon, account for an additional 313 tonnes (Figure 8).

2.2 Radiological Properties
• Radiation spectra. A typical initia! y spectrum for scrap metal from the G2 and G3 reactors

(analyzed in 1986) comprises 95% 60Co and 5% 137Cs. Metal wastes (swarf, settling drums,
filters, etc.) from the decommissioning sites exhibit the same spectral type. The recycled dust
consists of 60% 137Cs and 40% 60Co. Rapsodie scrap metal includes 90% 137Cs and 10% 60Co.

• Radioactivity classification. The scrap metal from the decommissioned G2 and G3 reactors
contains two forms of radioactivity (Figure 4): contamination deposited inside the CO2 cooling
pipes (97% of the total scrap weight), and activation of piping adjacent to the reactors and
submitted to the neutron flux (3 wt%).

3. Description of Melting Operations

3.1 Conditioning Zone
Scrap metal intended for melting is supplied to the conditioning zone in containers by UDIN.

The materials are transferred using an automatic dolly via an entry lock. The scrap metal is placed in
furnace loading baskets with a capacity of 3500 kg using a 15-tonnes overhead crane and electro-
magnet. Large components are loaded individually using the overhead crane, which may be
operated from the conditioning zone or from the control room. The contents of each basket are
recorded on a log card, including the total weight, type of scraps, origin and activity. The basket is
then transferred to the melting zone through automatically actuated doors.

3.2 Melting Zone
The loading basket is hoisted by a 25-tonnes overhead crane operated from the control room, and

centered over the top of the furnace (the furnace vault is opened from the control room when the
basket is 1 meter from the furnace). The bottom of the basket opens to drop the load into the furnace
from a height of about 1.3 m above the melt; the basket is flush with the top of the furnace, so no
scrap metal can drop outside. Depending on the loading density, four to eight baskets are required
for each 12.5-tonnes melt. The average melting time is 5 hours 15 minutes.

On conclusion of the melt, determined by the power consumption and visually using a video
camera opposite the deslagging door, samples are taken for radioactivity monitoring and analysis



(5 minutes maximum), the melt temperature is measured (1 min.), the liquidus temperature and
carbon equivalent are determined (2 min.) and the melt is deslagged with metal strickles (6-
12 min.). The ideal melting temperature is reached when the sample radioactivity results are
available, and the melt is poured into the casting ladle.

3.3 Transfer to Casting Ladle
These operations, lasting about 12 minutes, are performed from the control room. The casting

ladle (which is first preheated for 4 hours to a temperature of about 1000°C) is hoisted from the
preheating station and moved beneath the furnace tap by the overhead crane. The furnace is tilted as
the ladle is lowered (these operations are manually controlled). The ladle is then placed on the
pouring support and covered to minimize heat losses prior to casting the ingots. The casting
procedure depends on whether the activity of the melt is above or below 1 Bq-g'1.

3.4 Ingot Casting

3.4.1 Melt Activity < 1 Bq-g1

The operation (lasting about 40 minutes) is supervised from a separate control room. From the
casting ladle on its support, the melt is automatically poured into a spout, and flows via a channel at
about 1400°C to an ingot line, producing rectangular ingots weighing about 25 kg each.

The ingot line, some 13 m long, is situated outside the melting zone. The ingots are sprayed
repeatedly with water to cool them to 650°C; the steam is recovered by a demister. The ingots drop
automatically into a bin at the end of the line; the bin is picked up by a rotajy head fork lift and
dumped into 8-tonnes hoppers. The ingots are then stored by UDEN according to their activity and
chemical analysis (3 grades: A, B and C). One ingot is sampled at the beginning of the casting
process, one in the middle and a third at the end of the casting process for activity measurements.

3.4.2 Melt Activity > 1 Bq-g"1

The casting ladle is poured directly into 4000 kg ingot molds using the overhead crane. The
same ingot molds are used as "backup molds" to recover any metal remaining in the casting ladle
in the event of a failure on the ingot line {Note: only 4-tonnes blocks or integral workfonn
containers are now produced; the first container was cast at the end of December 1993).

3.5 Operating Personnel
A total of 14 persons are responsible for production, monitoring and maintenance of the G3

steel-making facility. Four persons are present for no more than 20 minutes each in the restricted
zone during each melt.

3.6 Radiological Data
The specimens are measured by y spectrometry using a well-type Nal detector; ingots are

measured in the same way, with the ingot resting on the detector. Dust samples taken in 20 cm3

vessels from the most highly radioactive drum are quantified using the same detector.

3.7 Document Archival and Specimen Storage
The measurement results are recorded on log cards and archived on diskettes. The specimens are

place in storage.

3.8 Process Wastes
Process wastes include dust recovered from the bag filter, slag recovered during the deslagging

operations, and miscellaneous dust and slag recovered during cleaning of the steel-making facility,
furnace, casting ladle and backup ingot molds. The dust is systematically recycled in each melt. Slag
and other waste is stored in drums pending the results of studies on future utilization. All dust or
waste drums are numbered and identified with the melt number, date and dose rate (jiGyh"1).



3.9 Process Parameters and Records
The following parameters are recorded, monitored and verified from the control room: the

furnace cooler and ancillary systems, the melting parameters, ventilation flow rate, radiological
monitoring data for each zone, temperatures in each zone, ingot cooling water temperature, and
pressure differential between each zone (the latter value is not recorded).

3.10 Log Cards
Log cards are filled in for the melt, the scrap metal, dust and slag, and for temperature records.

3.11 Test and Production Incidents
The principal incident to date was a shutdown due to an improperly calibrated main circuit-

breaker.
Melting operations have been interrupted five times due to electrode failures (12 minutes are

necessary to replace an electrode).
The ingot line was shut down once because of ingot unmolding problems due to a poor-quality

release agent; the contents of the casting ladle were poured into backup ingot molds.

4. Radiological Characterization and Monitoring

4.1 Preliminary Radiological Characterization
Two methods are used for radiological characterization:

• a dose rate / activity transfer function is applied to standard (1.7 * 1.7 « 1.7 m) ANDRA waste
containers, to individual activated metal components, and to drums containing settlers, cutting
swarf or filter elements;

• surface contamination measurements over the entire surface of contaminated parts.
These measurements are performed directly at the decommissioning site.

4.2 Radiological Measurements on the Melt
Two melt samples (25 mm in diameter and 50 mm high) are taken from the casting ladle at the

end of the melt. Their activity is measured by a well-type Nal y spectrometry unit.

4.3 Radiological Measurements on Cast Iron
The ingots are measured with the same y spectrometry unit as for the melt; three ingots sampled

from the beginning, middle and end of the casting operations are measured directly on the detector.
The radioactivity of the 4-ton blocks and integral workform containers is determined from the

sample measurements (refer to § 4.2 Radiological Measurements on the Melt).

4.4 Waste Radioactivity Assessment
A dust sample is taken during each melt, and its activity is measured using the spectrometry unit

described in § 4.2 Radiological Measurements on the Melt.
The slag radioactivity is measured directly on the 100-liter drum using a y spectrometry with a

Nal detector. The facility includes a collimator and a rotating base to support the drum.

4.5 Process Quality Assurance Provisions
Each step in the process (conditioning, melting, casting, recovery of ingots and waste) is

recorded on a log card. Each log card includes the identification numbers, physical properties (type,
weight, origin) and radiological properties of the materials. A typical melting report is shown in
Appendix 1.

Additional data, including mass and radioactivity balances, metallurgical analysis results and
interim storage records, are archived on diskettes.



5. Results and Analysis

5.1 Mass Balance
Cast iron, in the form of 25-kg ingots (73%) and 4-ton blocks (27%), accounts for 3913 metric

tons (93.25% of the total weight); the remaining 6.75% comprises process wastes (Figure 5).
The waste includes dust collected from the Jetline bag filters and high-efficiency filters (40%)

and dross or slag skimmed directly from the molten bath (41%) or recovered while cleaning the
furnace, ladle, ingot line and molds (19%).

5.2 Radiological Balance

• Cast iron. Cast iron with a specific activity below 1 Bq-g"1 accounts for 45% of the total weight,
with a mean activity of 0.6 Bq-g'1. The mean specific activity of the remaining 55 wt% is
5.8 Bq-g'1. The activity breakdown is shown in Figure 9.

• Melting products. Refer to Figures 13 and 14.

5.3 Analysis Results
• Radiological characteristics. Revised G2/G3 radioactivity spectrum based on measurements of

melting products: 85% 60Co and 15% I37Cs. Regardless of the proportions of 60Co and 137Cs in
the initial scrap metal, the radioactivity distribution in the melting products was similar (Figures
15 and 16).

• Dust recycling balance. 77 wt% of the total dust has been recycled, with 91.2% efficiency (92%
efficiency in 1993). Refer to Figures 6 and 7.

• Melting operation breakdown. (Refer to Figure 10)
Total time for melting operations is about 6 hours and a half with 81,5% for melting and 8,5%
for ingot casting.

• Personnel dosimetry (stylo-dosimetry) (Refer to Figure 11 )
The monthly collective rate equivalent dose is always less than 1.5 HmSv.

• Ventilation : mean operating temperatures. (Refer to Figure 12)
Mean operating temperature are 423°C in the GAP, 219°C after the water jacket, 91°C above
bag filters, 51,5°C above HE filters.

6. Secondary Waste

6.1 Waste Balance
• Mass balance. Refer to Figures 5, 6 and 17.

Met production after recycling is of 95% cast iron - 4,2% slag and 0,6% unrecycled dust.
• Radiological balance. Refer to Figures 15-16.

In melting products radioactivities repartition is : - Cesium 137 : 96,4% in dust - 3,6% in slag -
Cobalt 60 : 90,5% in cast iron - 7,2% in slag -2,3% in dust.

6.2 Waste Treatment
• Dust. Embedded in 200-liter drums using a process approved by ANDRA.
• Slag. Conditioned in 5 m3 ANDRA containers.
• Technological waste. Compacted or incinerated depending on waste composition.

7. Conclusion
The melting of weakly contamined scrap iron appears to be very interesting, because it allows :
- to divide the waste bulk by 6 or 7, to decontaminate the 137Cs of the iron, to reuse most of

the metallic waste, in the nuclear field, by manufacturing either containers for morehighly
contaminated waste, or biological shieldings for new plants.

The use of a two meters diameter furnace finally allows to reduce the cost of the cutting
operations and the radioactive doses during the dismantling tasks.
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