
P4 16
FR0104383

The IRIS Process and its Industrial Application at the CEA's Valduc Center

F. Lemort, T. Longuet, J.P. Charvillat (CEA, Valrho Research Center, France)
H. Chateauvieux, P. Guiberteau (CEA, Valduc Research Center, France)

M. Lorich (SGN, France)

ABSTRACT

Following several years of laboratory research initiated in 1983 on a nonradioactive prototype unit at
the CEA's ( Atomic Energy Commission) Valrho/Marcoule Research Center, an innovative process,
IRIS, has been developed to meet the need for processing nuclear glove box waste. It is to our
knowledge the only high-capacity process in the world capable of dealing with highly chlorinated
(25 wt% chlorine) alpha-contaminated waste. IRIS is based on a two-step incineration process
combining pyrolysis and calcination with a specific off-gas treatment.

The nonradioactive prototype at Marcoule has operated for over 5000 hours, demonstrating the
following advantages:
• Highly effective process control through regular, continuous feed of the rotating tubular kiln.
• Very effective control of corrosion by pyrolytic decomposition of organochlorine compounds at

550°C under inert atmosphere.
• High ash quality (< 1% carbon, < 1% chlorine) compatible with online radionuclide recovery or

vitrification processes.
• High waste/ash weight and volume reduction factors (30 in both cases).
• Very low gas flow rates limiting waste entrainment compared with direct incineration.
• Very high efficiency off-gas treatment complying with gaseous emission standards.
• Protection of system piping by substitution of stable phosphates for metal chlorides generated in

the off-gas lines.
• Flexible process capacity from a few kg/h for nuclear waste to 500 kg/h for conventional waste.

In December 1991, the CEA's Valduc Center decided to build the first industrial facility based on the
IRIS process. Construction work, equipment design and assembly, nonradioactive testing and
preparation of the safety report lasted six years. The facility successfully began operating with
radioactive waste on March 10, 1999, substantiating the R & D effort. Three other nuclear industrial
operators around the world have adopted the IRIS process for future implementation.

INTRODUCTION

Within the nuclear industry, low-level apy liquid waste incinerators are in use (in France at the CEA's
Cadarache and Grenoble research centers, as well as in Germany and the United States) with capacities
of 50-60 1-h"1. Very low-level Py solid waste incinerators with capacities ranging from 10 to 1000
kg-h"1 are also in service (e.g. CEA/Cadarache and SOCODEI/Marcoule, as well as in Germany, the
United States and Japan). COGEMA/Marcoule also operates a high-level a solid waste incinerator
capable of processing 1 kg'h'1. To the best of our knowledge, however, no incinerator operating in the
world until now was capable of handling high-level a-contaminated and highly chlorinated solid waste
at a rate of several kilograms per hour.

After nearly a decade of R & D work, research engineers in the CEA's Fuel Cycle Division at
Marcoule developed an innovative and entirely original process, IRIS (from the name of the prototype
unit: Incineration Research Installation for Solid waste). The process was selected by the CEA's
Military Applications Division at Valduc for the first industrial scale implementation, which
successfully began operating with radioactive waste on March 10, 1999.
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THE IRIS PROCESS DEVELOPED AT THE CEA's VALRHO CENTER

Description

The IRIS process was developed to meet very specific requirements. It enables alpha-contaminated
and highly chlorinated (25 wt% chlorine) plastic waste to be incinerated at a rate oi several kilograms
per hour [1], No acceptable solutions meeting these constraints could be developed with existing
technologies.

The innovative incineration process developed for this purpose can be broken down into three steps:
waste preparation, thermal treatment (i.e. incineration per se) and off-gas treatment.

The first step involves waste preparation to allow metering of a continuous feed stream to the
incinerator. It includes detection of scrap metal (which could damage process equipment), sorting,
grinding, buffer storage and continuous metering of the incoming material.

The thermal treatment is a two-step process as illustrated in Figure 1. The waste is first pyrolyzed at
550°C in an electrically heated rotating kiln with argon scavenging, although a small quantity of air is
injected to prevent the formation of undesirable tars. The resulting solid carbonized residue, or pitch,
still contains 80% of the carbon and inorganic matter initially present in the waste.

Organic waste
(4 kg/h)

Gas processing

Pyrolysis furnace
(550°C)

Pitch

Afterburner
(1100°C)

Ashes Calcination furnace
(900°C)

Figure 1. IRIS thermal treatment process

The pitch is then calcined online in a second electrically heated rotating kiln at 900°C in excess
oxygen. After a two-hour residence time, the process yields very high quality ashes (with less than 1%
residual carbon content) that are compatible with radionuclide recovery or vitrification processes at the
discretion of the plant operator.

The pyrolyzer and calciner off-gas streams are transferred to an afterburner operating at 1100°C in
excess air before entering the off-gas processing system. This specific treatment complies with the
gaseous emission standards of the European Commission draft directive on industrial incineration of
hazardous waste, including dioxins and furans.

The off-gas processing system also includes two steps (Figure 2).
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Figure 2. IRIS off-gas processing

The first consists in physical purification of the gas stream, to trap all the aerosols (fly-ash, thermal
particle matter) present in the gas. The gas leaving the afterburner at 1100°C is first cooled to 200°C,
then filtered in a tubular electrostatic filter and two series-mounted HEPA filters, providing an overall
aerosol purification factor of 2 x 108. The system initially included a bag filter as shown in Figure 2,
but this technology was abandoned in view of the results obtained with the electrostatic precipitator.
The filtered gas stream is then chemically purified by neutralization of the hydrochloric acid released
during incineration.

Significant improvements were also implemented in the process equipment to control corrosion
phenomena. Phosphorus additives in the pyrolyzer, for example, result in in situ conversion to
phosphates of the corrosive metal chlorides (notably ZnCk) generated during incineration [2,3].

The patented major equipment items (pyrolyzer, calciner, electrostatic precipitator) developed at
Marcoule have logged thousands of hours in operation. The rotating tubular kiln technology is based
on the extensive experience acquired in French high-level liquid waste vitrification facilities. The off-
gas phosphatation treatment designed to inhibit the formation of corrosive metal chlorides in the
process was specially developed for this project.

The IRIS pilot incineration unit at Marcoule has logged over 5000 hours operating exclusively with
nonradioactive feed materials; it was designed to process 4 kg-h"1, although the process has been
validated for rates of up to 10 kg-h"1.

In addition to the technological development work, physicochemical data on gas emissions at rates on
the order of 100 g-h"1 were compiled during laboratory studies for use in designing industrial
incinerators. The Pu distribution was also assessed in the pilot facility using nonradioactive cerium as
a surrogate with physicochemical properties similar to those of plutonium: the results indicate that
over 95% of the contamination should be recovered in the ashes.
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Advantages

The many advantages of the process have been assessed and confirmed. The facility is supplied
continuously and at a constant rate. The ashes are homogeneous, with minimal chlorine (< 1%) and
carbon (< 1%) content. The pyrolyzer and calciner are compact units. Process control is highly
flexible, particularly with regard to variations in the waste feed rate, and the process parameters—
notably the temperature values—are easily controlled. Hydrochloric acid generated by the degradation
of organochlorine compounds is released at low temperatures (550°C) in the absence of air during the
pyrolysis step, ensuring excellent control of corrosion—which would be more difficult with a direct
incineration process in which the chlorine is released in air at temperatures exceeding 1000°C. The
modular design of the process is suitable for use with nuclear materials in sectorized process
equipment.

Tubular geometry electrostatic precipitation not only generates no secondary waste (no filter media are
required), but also can easily be restored to baseline conditions in accordance with nuclear safety
recommendations. The system was designed to supplant all other filtration processes for this type of
application.

Unlike conventional direct incineration processes, the sequential pyrolysis/calcination process ensures
regular incineration. Not only are the off-gas flow rates reduced by at least a factor of 100 compared
with direct incineration (and up to 1000 compared with incineration in excess air), the mechanical
entrainment of particle mater in the gas stream is minimal (less than 1% versus over 10% with direct
incineration processes). The facility complies with nuclear containment and criticality safety
requirements, while the chemical and radioactive liquid and atmospheric releases are compatible with
the applicable standards.

The weight and volume reduction is significant. For waste containing 10% cellulose, 35% rubber and
55% plastics, the weight and volume reduction factors in the ashes are both near 40. The throughput
capacity for an incinerator using this technology can range from a few kilograms per hour in nuclear
applications to 500 kg-h"1 or more for conventional waste materials.

THE IRIS INCINERATOR OPERATED BY THE CEA's VALDUC CENTER

Project Description

In 1991, the CEA's Military Applications Division decided to build a thermal treatment facility with a
capacity of 7 kg-h"1 based on the IRIS process. The process engineering work at the Valduc Center was
ensured by SGN (Nuclear Engineering Company) in relation with the process development group,
with civil engineering provided by the Valduc engineering department.

The process equipment is located in a new building erected in compliance with anti-seismic
construction standards and constituting the final containment barrier. The equipment items were
installed in glove boxes, and were designed to allow servicing and replacement without breaching the
containment. Construction provisions were included to allow video or borescope inspections of the
materials, with gamma spectrometry and neutron counting measurements to avoid plutonium holdup.

The project was undertaken on the following schedule:
• Engineering contract: June 1992
• Process equipment purchase orders: November 1993-June 1996
• Beginning of building construction: December 1993
• Completion of building: April 1995
• Installation of process equipment: May 1995-November 1996
• Nonradioactive reference test

(acceptance of facility by owner): December 1996
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Results

From January 1997 to December 1998, the operator conducted some 2500 hours of nonradioactive
testing. These tests permitted, to upgrade the process regarding some perfecting, to developed the off-
gas phosphatation system, and completed the safety reports and related modifications. During this
period 6500 kg of nonradioactive waste were incinerated, producing 310 kg of ashes.

The facility began operating with radioactive materials on March 10, 1999. Two incineration
campaigns have been completed to date (Table I) with a third planned later.

Table I. Results of the first two radioactive waste incineration campaigns

Parameter

Incinerated waste weight (kg)

Waste activity (GBq-kg-1)

Ash weight (kg)

Waste/ash weight ratio

Pu in waste stream* (g)

Pu in ashes** (g)

Pu in filtered particle matter** (g)

Pu recovered after cleaning process equipment* (g)

1 st campaign

395

0.185

16

24.7

33.8

29.3

0.03

0.3

2nd campaign

360

1.11

20.3

17.7

179

162

0.7

3.2

* Measurement uncertainty: ± 20%
** Measurement uncertainty: ±12%

The tests results obtained with inactive and active materials from 1997 to 1999 were sufficient to
validate the IRIS process in terms of incineration performance (the process is suitable for chlorinated
a-contaminated waste, with high waste/ash weight and volume reduction factors and excellent Pu
recovery in the ashes), in terms of off-gas treatment performance (release levels well below applicable
standards, demonstrated effectiveness of the phosphatation treatment, excellent quality of filtration
particles), and in terms of operating control and safety provisions (very low holdup).

CONCLUSION

The initial incineration campaigns have demonstrated the effectiveness of the IRIS process. The
contamination initially present in the waste is almost entirely found in the ashes, demonstrating the
very limited transfer of particle matter into the process off-gas stream. The very slight increase in the
pressure drop across the HEPA filters also demonstrates the high efficiency of the electrostatic
precipitator, which recovers most of the particle matter.

On the basis of the initial radioactive operating experience, the IRIS process is being considered for
use on other operating sites. In addition to the future CEDRA (Belgian commission of radioactive
waste and enriched fissile mater) incinerator at the CEA's Cadarache Center, two other facilities are
planned: a nonradioactive prototype unit implementing the IRIS process is now undergoing tests in
Japan for Japan Nuclear Fuel Limited (JNFL), and an IRIS-type industrial incinerator has been
selected for the ONDRAF (National commission of radioactive waste and enriched fissile mater), in
Belgium.
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Some of the development work performed for this study (notably the phosphatation treatment, the
electrostatic precipitator and the neutralization process) are clearly applicable to other future
applications, beginning with the treatment of conventional hazardous waste.
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Figure 3. IRIS thermal treatment process
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Figure 4. IRIS off-gas processing
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Table II. Results of the first two radioactive waste incineration campaigns

Parameter

Incinerated waste weight

Waste activity

Ash weight

Waste/ash weight ratio

Pu in waste stream*

Pu in ashes**

Pu in filtered particle matter**

Pu recovered after cleaning process

(GBq

equipment*

(kg)

•kg-1)

(kg)

(g)

(g)

(g)

(g)

1 st campaign

395

0.185

16

24.7

33.8

29.3

0.03

0.3

2nd campaign

360

1.11

20.3

17.7

179

162

0.7

3.2

* Measurement uncertainty: ± 20%
** Measurement uncertainty: ±12%


