
XA0054212

IAEA-CN-78/16

MANAGEMENT OF RADIOACTIVE SCRAP METAL AT SCK'CEN

L. NOYNAERT, M. KLEIN, R. CORNELISSEN, M. PONNET
SCK'CEN, Mol,
Belgium

Abstract

The environmental concern and public perception as well as the steadily increase of the conditioning
and disposal costs are pushing the nuclear sector to minimise the amount of radioactive waste. Hence
it is a strong incentive to prefer the management option "recycling and reuse" instead of the option
"disposal and replacement". The "recycling and reuse" option requires the availability of
decontamination techniques as well as measuring techniques allowing to prove that the release criteria
are met. Therefore SCK'CEN has now two decontamination installations for scrap metal on its own
site. One installation uses a wet abrasive technique while the other one uses a chemical process based
on the Ce4+. These two installations, combined with the use of foundries for free release or for
radioactive scrap metal recycling are now common practices at SCK'CEN and will allow to reduce
the metallic waste to 10 % of the metallic scrap production and the costs at least by a factor 2.5.

1. INTRODUCTION

Maintenance, refurbishment and decommissioning of nuclear installations generate large quantities of
scrap metal. Two management options are available i.e.: "recycling and reuse" and "disposal and
replacement". SCK'CEN has decided to opt for the first, namely, "recycling and reuse". Indeed this
option allows, by minimising the waste production, to preserve the natural resources and the
environment and to minimise the risks associated with the production of "fresh" metal. The necessity
of waste minimisation is during this last decade reinforced by the inflation of the waste costs i.e.
conditioning, storage and disposal costs and by the problem of public acceptance of disposal sites.
The evacuation routes used to minimise the metallic waste amount are:

a) free release by measurement;
b) free release by melting;
c) recycling into the nuclear industry;
d) mechanical decontamination;
e) chemical decontamination.

The recycling or reuse of items from nuclear facilities is now a current practice recommended by
international organisations [1], [2], [3]. When these routes cannot be used, the scrap metal has to be
evacuated as radioactive waste.

2. COMMON PRACTICES AND DISCUSSION

2.1 Free release

The free release of radioactive materials requires a combination of factors to be successful [4]:

• Procedures and well defined free release criteria: as a consensus is not yet achieved on an
international level, a free release procedure has been set up by SCK'CEN Health Physics
department in agreement with the Control Organism and the Competent Authority. This
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procedure is still a "case by case" practice and is currently applied for the free release of
materials from the BR3 dismantling.

• A strict follow-up of the material streams comprising origin of the materials, treatment
performed, characterisation results.

• The traceability of the materials must be guaranteed at each step: this can only be achieved
with a strong Quality Assurance programme.

The procedure used at SCK'CEN allows to free release materials following two different ways. The
first one is based on two 100 % surface measurements separated by 3 months delay. The surface
contamination limits are 0.4 Bq/cm2 for (( nuclides and 0.04 Bq/cm2 for ( nuclides. The second way is
based on the measurement of the mass contamination. In this way, the free release is based on a case
by case decision depending on the final destination of the material. The decision is taken by the
Health Physics of the site after consultation of the Control Organism.

Till now, 95 t of metal could so be unconditionally free released and sent for recycling to the metal
scrap industry. Materials which are slightly contaminated on the external surface by some
contaminated dust can be free released by simple decontamination by washing manually either before
dismantling or after size reduction. Until now, 60 t have been so free released from which 15 t of
metals were sent to the scrap industry.

2.2 Melting of free release

Some dismantled materials are either very low contaminated, very difficult to measure or not
homogeneously contaminated. For these materials, it can be advantageous to send them to a nuclear
foundry. Melting decontaminates the metals by volatilisation of some nuclides (e.g. 137Cs) or by
transfer to the slag (e.g. heavy nuclides such as alpha emitters) and allows an accurate determination
of the radionuclides content thanks to the homogeneity of the metal melt. The amount of secondary
waste (dust, slag) is rather low. SCK(CEN is preparing a transport of 18 t to be melted. Its average
activity is 0.4 Bq/g of 60Co and 137Cs.

2.3 Recycling in nuclear industry

Low level radioactive materials can be recycled in the nuclear world. The melted materials can be
used for the fabrication of shield blocks or for the fabrication of radioactive waste containers.
SCK(CEN has an agreement with GTS-Duratek (USA); the recycled materials are used as shielding.
The materials must respect composition and radiochemical criteria. 70 t of scrap metal with an
average activity of 130 ((-Bq/g and 1 (-Bq/g have been sent, in agreement with all the competent
authorities, to the GTS-Duratek facility.

2.4 Mechanical decontamination

An alternative to the recycling in the nuclear industry is the decontamination by abrasion [5]. It
concerns items contaminated at a level up to 1000 Bq/cm2. This technique however is limited to
pieces of simple geometry because all the treated surfaces must be accessible for the abrasive jet. A
wet abrasive unit ZOE has been built at BR3 and allows to treat pieces up to 3 t and 3 m long. The
abrasives and the water are continuously recycled to minimise the amount of secondary waste.

Until now, 10 t were immediately free released after decontamination in the ZOE installation. 2.8 t
were partially decontaminated to remove most of the alpha contamination present and allow its free
release after melting. In general about 10 to 20 % of the materials could not be free released either
due to difficult removable contamination or to inaccessibility for measurement. The materials not free
released are normally sufficiently low to be sent to a nuclear foundry for free release by melting.
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2.5 Chemical decontamination

Carbon steel or stainless steel pieces heavily contaminated e.g. up to 20,000 ((-Bq/cm2 can be treated
by thorough chemical decontamination processes [5]. For stainless steel, a process called MEDOC
(MEtal Decontamination by Oxidation with Cerium) has been developed at SCK(CEN and an
industrial installation has recently been built. The process is based on the strong oxidation potential of
Ce4+ in sulphuric acid medium at 80 °C. The oxide layer (the so-called crud layer) and the base metal
as well are removed. Pilot tests with real active pieces have shown that the removal of 10 to 20 urn
allows to completely remove the contamination layer even for strong contaminated pieces from the
primary loop. During the process, the Ce4+ is reduced to Ce3+; in order to recover the process
efficiency it is necessary to regenerate the Ce3+ to Ce4+. In our process, this is realised by reaction
with ozone gas in a special gas-liquid contactor (static mixer). The installation comprises also a
rinsing unit with ultrasonics and an effluent storage tank. The installation is in service since mid
September. During the first 5 batches, we treated successfully 2.3 tons of SS pieces of different
origin and geometry. Based on the first measurement, one can consider that they will easily be free
released.

2.6 Waste

When the metallic pieces do not meet the acceptance criteria of the above mentioned evacuation
routes, they have to be considered as radioactive waste and sent for conditioning and storage to
BELGOPROCESS, a subsidiary of ONDRAF/NIRAS (Belgian National Agency for Radioactive
Waste and Fissile Material) according to the following categories:

• Low Level Waste (dose <2 mSv/h; specific activity: <40 ((-GBq/m3 and <40 (-MBq/m3);

• Medium Level Waste (dose <200 mSv/h and : <100 ((-TBq/m3);

• High Level Waste (dose >200 mSv/h).

Figure 1 shows the costs associated with the different evacuation routes for scrap metal. It is clear
that the economic factor is an important incentive in the management of metallic radioactive material.
In the period 1995-1998, if we exclude the highly activated pieces coming from the BR3 and BR2
reactors, less than 20 % of the metallic radioactive material has been conditioned as waste. One can
expect that in the future, when the two decontamination workshops of BR3 will work at their nominal
regime, this fraction can be reduced to less than 10 %.

3. . CONCLUSIONS

Two management options for metallic radioactive material are available i.e.: "recycling and reuse"
and "disposal and replacement". The first one allows to preserve the natural resources and the
environment, to minimise the risks associated with the production of "fresh" metal and to decrease the
costs associated at the back end of metallic radioactive material cycle. Many evacuation routes in
agreement with this management option are of common practice at SCK'CEN. They allow to reduce
the metallic radioactive waste volume by a factor 10 and the associated costs by at least a factor 2.5.
Recycling in the nuclear world or free release for recycling in the industrial world are therefore
developed and encouraged both for ethic and for economic reasons. This choice however implies the
set-up of a strong QA programme to ensure the traceability of the materials and pushes also the
industry to develop more cost-effective decontamination techniques.
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Fig. 1: Relative cost of the evacuation routes for scrap metal
(1 =Cost of free release ay measurement)
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