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Abstract

The management of wastes from decommissioning is described for the on-going dismantling of the BR3
PWR small reactor. The incentive is put on the radionuclides characterization, the description of the various
waste streams, the conditioning techniques for low radioactive waste (LAW) to high radioactive waste (HAW),
the alternative evacuation routes (recycling in the nuclear, free release by decontamination) and the minimization
of secondary wastes during dismantling. Finally, some considerations are given on the overall dismantling cost
and on the relative costs of the various evacuation routes.

1. INTRODUCTION

BR3 is a small 10 MW(e) PWR shutdown in 1987 after 25 years of operation. It was selected as
one of the four pilot projects of the EU for its R&D programme on decommissioning of nuclear
installations. The decommissioning project started in 1989. In 1991, a full system decontamination of
the primary loop reduced the dose rate in the vicinity of the primary loop by a factor 10. The same
year, a first high active internal, the 5.4 t thermal shield was dismantled underwater by 3 different
dismantling techniques, the EDM cutting, the milling cutter and the plasma arc torch. Mechanical
cutting, essentially milling cutter and band saw, was selected for the further dismantling of the two
sets of internals; the original Westinghouse internals ("33 years decay") and the Vulcain internals
("7 years decay"). This allowed to compare deferred dismantling with immediate dismantling. No
significant radiological, technical or economical profit was gained by dismantling the old internals
because due to the still high dose rate of 2 to 3 Sv/h at mid plane, remote underwater cutting is still
required. The next important step is the cutting of the 28 t reactor pressure vessel. All the preparatory
work is finished and the real cutting operations are foreseen from mid 99. Dismantling of some
contaminated circuits was also performed using mostly hands on cutting techniques. Minimizing the
amount of radioactive waste and free release of the dismantled materials have always been our main
objectives. Recycling of slightly radioactive metallic materials could be performed thanks to an
agreement with a nuclear foundry. For concrete, an R&D programme has been started to recycle
radioactive concrete in the radioactive waste conditioning sector. Progress was also made on the
establishment of free release limits and procedures and on the development of decontamination
techniques for metals and concrete.

2. CHARACTERISTICS OF MATERIALS ARISING FROM DECOMMISSIONING ACTIVITIES

Two aspects are important during decommissioning of a nuclear reactor. The first one is the dose
rate aspect which in the case of a PWR is dominated by the y radiation from Co-60. The second one is
the contamination aspect for which not only the y emitting nuclides such as Cs-137 and Co-60 are
important but also the presence of a contamination can present a particular issue.

For waste management, it is also important to determine the so-called critical nuclides i.e. the
nuclides which are difficult to measure (the pure p nuclides such as Ni-63 and Ni-59, Sr-90, Nb-94,
C-14, H-3, etc., and the a nuclides such as the Am-241 and the Pu and U isotopes) and which are an
issue during long term disposal due to their long lives and their specific radiotoxicity.



The determination of these critical nuclides in waste packages is a difficult task. Several
approaches are followed to satisfy the disposal requirements. Estimations on the basis of neutronic
activation calculations, materials composition and irradiation history allow to determine rather
precisely the activation levels for the major components of the irradiated materials such as the Ni and
iron isotopes for metals and Ca isotopes for the concrete. For elements present at trace levels such as
Nb, C, Tritium, Eu, etc.,0 the accuracy of the estimation depends strongly on the exact original
content of these trace elements which is generally not known precisely.

Radiochemical measurements are the best way to determine the exact radiochemical
composition of the activated materials. For BR3, during the dismantling of the high active internals,
we systematically took samples during the cutting operations. Some swarf material was collected
during the cutting operation and subjected to detailed radiochemical characterization. The
radiochemical determination implies a complex analytical work with a series of separations to
eliminate the strong y nuclides which are present in activity levels several orders of magnitudes higher
than the investigated isotopes.

A still more difficult task is to estimate the critical nuclides which are fission products such as
Sr-90 and Cs-137 or which are a isotopes coming from fuel leakages. This is quite impossible to
model so that only radiochemical determinations can solve the problem. This requires the estimation
of a mean

Table I gives an overview of the radiochemical isotope vectors we derived for different waste
streams. (Reference date: 1998-07-01 i.e. 11 years after shutdown)

TABLE I. OVERVIEW OF THE RADIOCHEMICAL VECTORS DERIVED FOR DIFFERENT
WASTE STREAMS
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surface contamination level in a p y emitters and the determination of specific contamination isotopes
such as the Cs-137 y emitter, the correlated Sr-90 p emitter, the determination of the a spectroscopic
composition including the Am-241, the long lived Pu, U and Cm isotopes as well as the p Pu-241
emitter. For BR3, we determined the composition of two mean surface contamination levels: the first



one, the high contaminated level composition, is representative of the primary pieces which were
never decontaminated; the second one is representative of the pieces which were decontaminated
during the Full System Decontamination of the primary loop which was the first step in the
dismantling strategy.

3. OVERVIEW OF D&D RADIOACTIVE MATERIAL STREAMS

For most of the waste arisings from D&D operations, the conditioning techniques used are the
same as for the operation and maintenance wastes. Only high active materials or specific materials
must be dealt with different or adapted conditioning techniques.

For Belgium, the management of the radioactive waste is under the responsibility of
ONDRAF/NIRAS which is the governmental national agency for waste conditioning and disposal.
This agency establishes the specifications and requirements for the waste packages in view of their
future disposal. They are also responsible for the intermediate storage of the conditioned waste
packages and of the selection and management of the disposal sites. For the moment, there are no
disposal sites available in Belgium. Shallow land burial and geological disposal are still under study.
Currently, all the conditioned wastes are temporarily stored at the Belgoprocess site in dedicated
buildings.

Belgoprocess, which is a subsidiary of ONDRAF/NIRAS, operates a centralized conditioning
and storage facility which is located at Dessel only some 500 m far from the SCK.CEN Nuclear
Research Centre site; the two sites are only separated by a water canal.

3.1. Gaseous wastes

Two main gaseous waste streams are produced by the D&D operations.

• Classical general ventilation. The only secondary wastes produced are prefilters and absolute
filters used in the ventilation of the buildings. The annual amount produced lies between 30
and 50 units. This not significantly different from the O&M quantities produced during the
reactor operation.

• Specific D&D air purification needs. Dismantling operations such as on site cutting
operations, size reduction in ventilated workshops, removal of isolation materials with or
without asbestos and Decontamination units such as the ZOE sand blasting and MEDOC
chemical decontamination units require specific ventilation systems with prefilters and
absolute filters. Some particular operations produce large amounts of airborne contamination
and need adequate and optimized filtration systems. Such operations are for example:

• Underwater plasma cutting which produces aerosols and some H2 gas; for this effluent a
prefiltration with electrostatic precipitation followed by absolute filters was used
during the cutting in segments of the high active thermal shield,

• Dry cutting techniques in a ventilated workshop using a variety of dust and aerosol
producing techniques such as plasma or oxy-acetylene cutting, grinding, circular saws.
The ventilated workshop is now equipped with regenerative cartridge filters followed
by absolute filters. The regeneration is performed by counter-current compressed air
flow allowing to dislodge the accumulated dust and to recover it in 200 1 drums. Since
the installation of this system, the HEPA filters which had previously to be removed
monthly are now still there after more than 15 months of operation,

• On site removal of contaminated asbestos required the installation of mobile filtration
systems with pre-filters and absolute filters. The pre-filters had to be removed several
times during the operation or periodically manually regenerated due to the very high
quantity of dust produced during the isolation removal,



• The wet abrasive unit ZOE produces some wet aerosols; the filtration comprises a
heating unit followed by an electrostatic precipitator followed by absolute filters,

• The chemical MEDOC unit produces air contaminated potentially with some acid
vapours, acid aerosols and ozone eventually not completely destroyed. The filtration
unit is built with PVC pipes and classical pre and absolute filters.

The conditioning of the prefilters and of the absolute filters is performed either by incineration
for the burnable filters or by super-compaction for the non-burnable filters. The super-compacted
disks are further embedded by cement grouting in 400 1 drums.

3.2. Liquid wastes

Two main liquid waste streams are produced by the D&D operations.

• Classical cleaning water contaminated by some Cs-137 and Co-60 as main p, y emitters. These
effluents arise from normal O&M operations as well as from cleaning operations of slightly
contaminated pieces, from rinsing water used in the ZOE Wet Abrasive Decontamination unit
and in the MEDOC Chemical decontamination unit, from water used in some dismantling
operations (e.g. supernatant water collected during cable sawing of concrete). These low level
effluents (<400 MBq/m3) are collected in three 50 m3 volume existing plant reservoirs. They are
sent to the nearby liquid conditioning installation of Belgoprocess by an underground pipe. The
conditioning at Belgoprocess is a combination of flocculation and embedding of the produced
sludge in bitumen. The annual volume produced varies between 50 and 100 m3.

• Chemical effluents: the only chemical effluent is the effluent arising from the MEDOC
installation. This effluent contains a high concentration of sulfuric acid (about 1M), some nitric
acid (about 10"2M), a high salt content with Fe, Ni and Cr concentration up to 15 g/1. The
MEDOC installation will start operation during the second semester of 1999 so that no
chemical waste has so far been sent to BP. However, in collaboration with Belgoprocess, a
management route for this special waste has been established. Due to the low annual volumes
produced (<10m/a), this chemical waste is stored on site in a 2 m capacity storage tank
internally protected by an enamel coating. The chemical aggressiveness of this liquid effluent is
first reduced by reduction of the Ce4+ still present to Ce3+ by reaction with HiO2; some nitric
acid is also added to allow the storage of this acidic effluent in the Stainless Steel BP transport
and storage tanks. The liquid waste is transported batchwise using a 2 m stainless steel
transport container. The conditioning method developed by BP comprises a
neutralization/flocullation step followed by the bituminization of the obtained sludge. The 400 1
drums produced will be stored in the BP storage facilities.

3.3. Solid wastes

The primary and secondary solid waste is the most important part of the radioactive waste
stream from D&D operations.

The major primary waste streams are:

• Burnable wastes such as protective clothing, wood from ventilated hoods, laboratory furniture,
etc.,

• Low to High level massive metallic wastes such as reactor internals, reactor pressure vessel,
primary pumps, reservoirs, valves, structural materials, etc.,

• Low to High level super-compactable metallic wastes from the same sources as above plus e.g.
electric cables, light supports, contaminated instrumentation, etc.,

• Massive concrete wastes from slightly activated or contaminated slabs, floors, shielding walls,
room walls, etc.,



• Concrete and bricks super-compactable rubble from demolition activities of activated or
contaminated materials,

• Sludges from deposits in reservoirs and liquid sumps,
• Various light non metallic super-compactable materials such as isolation, asbestos, etc.,
• Special waste such as contaminated lead bricks and shielding.

The major secondary solid waste streams are:

• Ion exchange resins from the water cleaning systems of the storage well pool (which still
contains about 2 tons of MOX and experimental irradiated fuels ) and of the refuelling pool
which is used for the underwater cutting of all the high active pieces. These IEX are always
Medium Active waste. The annual production is less than 100 1,

• Ion exchange resins from special operations such as the Full system decontamination of the
primary system which produced 1.4 m of Medium to High Active resins or the plasma cutting
operation of the thermal shield which produced 150 1 of MAW IEX,

• Cartridge filters from the purification of the storage pools (about 2 to 400 I/a), from the local
systems installed for the purification of the water during the underwater cutting operations such
as the plasma cutting (350 1 of MAW gross and fine filters), the EDM cutting of the thermal
shield (224 1 of MAW 1 \im filter cartridges), for the 10 îm filters used in the ZOE installation,
for the filters used in the MEDOC unit,

• Swarfs, dross, chips from the underwater cutting operations are collected either directly in
strainers or in baskets of water filtration systems. These systems use generally a local suction
device to collect the particles at the source, a prefiltration device (sedimentation strainer or
hydrocyclone), a pumping system and eventually a fine filtration system with cartridges,

• Sludges produced during the cutting by diamond cable, saw or coring using water as cooling
medium for the diamond tips. These sludges are collected; the supernate clear water is
evacuated as liquid effluent and the sludge is electrically heated directly in 200 1 drums to
obtain a dry waste which can be treated as solid waste.

4. CONDITIONING PROCESSES FOR RADIOACTIVE WASTE STREAMS

The radioactive wastes from the D&D operations at BR3 are conditioned mainly by
BELGOPROCESS, a subsidiary of ONDRAF/NIRAS [1]. Some wastes were also conditioned at the
WAB installation of the Doel power plant in a conditioning unit approved by ONDRAF/NIRAS.

4.1. Conditioning of low active wastes (LAW)

The LAW wastes are defined by a maximum dose rate (<2 mSv/h on the waste package
surface) and a maximum specific activity (<40 GBq/m5 p y and <40 MBq/m3 a activity).

The solid wastes are conditioned essentially in a new facility, called the CILVA installation, which
comprises:

• An incineration facility of a capacity of 10 t/week solids and 1 to 3 m /week burnable liquids
based on a weekly operation time of 100 h. The ashes are supercompacted in 200 1 drums,

• A pretreatment facility in which the solid wastes are sorted, cut and eventually pre-compacted
at 140 t,

• A super-compaction facility for 200 1 drums with a 2000 t hydraulic press of 6000 drums/a
capacity,

• A conditioning unit for immobilisation and embedding: A cement matrix is used to fill 400 1
drums in which supercompacted pellets or non compactible wastes are stacked. This installation
also includes an active mixer for embedding of wet wastes like ion exchange resins and sludge,



• After solidification, inspection and measurements, the drums are transferred in an intermediate
storage building.

Up to now, about 68 t were evacuated as super-compactible waste and 12 t as non-compactable
waste.

The liquid wastes from the D&D operations have an activity <0.4 GBq/m p y and
<0.8 MBq/m a and are generally conditioned in the Mummy plant of Belgoprocess. The process
comprises precipitation and flocculation followed by bituminization of the sludges in 400 1 drums.

4.2. Conditioning of medium and high Active Wastes (MAW & HAW)

The two main MAW and HAW produced up to now by the D&D activities are ion exchange
resins from the full system decontamination (FSD) operation of the primary circuit in 1991 and the
medium to high active pieces from the dismantling of two sets of internals.

4.2.1. Conditioning of MAW and HAW ion exchange resins

The FSD produced 520 1 of HAW and 850 1 of MAW Ion exchange resins containing in total
about 2 TBq of 60Co and 2 GBq of alpha activity. The HAW IEX were transported in a special
transport container to the WAB installation in Doel and conditioned by cement embedding. The
MAW resins were transported in plastic drums with 400 1 overpacks to the Belgoprocess cementation
unit. The final volume of conditioned waste amounted to 7.6 m i.e. 5 times the volume of the primary
waste.

4.2.2. Conditioning of MAW and HAW internal pieces. [2] [3]

The underwater cutting operations performed between 91 and 95 led to the production of about
13 t of M&HAW and 11 t of LAW primary metallic wastes. The secondary waste, mainly swarfs
(37 1), dross and filters (2150 1) were collected in strainers and filter bottles. All these wastes, stored
in BR3 underwater in perforated baskets, were transferred in a 400 1 overpack and transported in a
special transport container. The loading at the BR3 site (see Figure 1) was done underwater but the
unloading at Belgoprocess was done in a dry shielded cell. The basket with the pieces put in dedicated
racks was loaded in a 400 1 drum and cement mix was added to obtain a final solid waste package. In
total, 40 transports were needed. For the massive solid wastes, the mean capacity was only
350 kg/drum with variations between 88 (core baffle) and 672 (thermal shield in function of the
geometry of the pieces. In 1999, the reactor pressure vessel weighting 28 t will be mechanically cut
and evacuated following the same route.

5. ALTERNATIVE EVACUATION ROUTES

5. 1. Recycling of metallic radioactive materials

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 in the USA; the recycled materials are used as shielding for
the DOE facilities. The materials must respect composition and radiochemical criteria. The secondary
wastes are conditioned and disposed off by Duratek. Up to now, we have sent, in agreement with all
the competent authorities, 26 t of mild and stainless steel arising from the dismantling of very low
contaminated or activated pieces.



Figure 1: View of the underwater loading of the transport container.

5.2. Recycling of concrete radioactive materials

The dismantling of the activated bioshield around the Reactor Pressure Vessel and in the
refuelling pool will lead to the production of about 650 t of slightly activated concrete. The activation
products present are mainly 133Ba, l52'l54Eu and 60Co with activation levels lower than lOOBq/g. A
R&D programme has been started with a specialized center in the building industry (CSTC/WTCB
Scientific Center for the Building Industry) to study the possibility to reuse the concrete as raw
materials for the conditioning of radioactive wastes. Crushing and sieving tests have been performed
on real but inactive heavy barytine concrete from the BR3 reactor. The fine fraction and the
aggregates were separated. Tests are underway to optimize the composition of mortar and concrete
fabricated using new cement and recycled concrete either as aggregate or sand. The quality of the
recycled mortar or concrete must follow strict specifications among which compression strength and
the workability are the most important. The first orientative results are very encouraging and a
demonstration with active concrete is foreseen end of 1999.

5.3. Free release of radioactive materials

The steadily increase of the conditioning and disposal costs as well as environmental concern
and public perception are pushing the nuclear sector to decrease the amount of radioactive waste and
hence is a strong incentive to the development of thorough decontamination processes and procedures
for the free release of obsolete radioactive materials and their reuse in the industrial sector or their
evacuation as industrial waste. The free release of radioactive materials requires a combination of
factors to be successful:

• Procedures and well defined free release criteria: a consensus is not yet achieved on
international level and generally a case by case management is still applied. IAEA, EU, OECD
are progressively converging towards some harmonisation. In our case, procedures and limits
are being set by the health physics department under supervision of the competent authority.
This procedure is still a "case by case" practice and is applied currently for the free release of
materials from the BR3 dismantling,

• A strict follow-up of the dismantled materials comprising origin of the materials, treatment
performed, characterization results,



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

5.3.1. Free release by melting.

Some dismantled materials are either very low contaminated, very difficult to measure or not
homogeneously contaminated. For these materials, it can be advantageous to sent them to a nuclear
foundry. Melting offers several advantages:

• It decontaminates the metals by volatilization of some nuclides (e.g. l37Cs) or by transfer to the
slag (e.g. heavy nuclides such as alpha emitters),

• It allows an accurate determination of the radionuclides content thanks to the homogeinity of
the metal melt,

• The amount of secondary waste (dust, slag) is rather low.

This practice has already been used in Belgium for dismantled waste. SCK»CEN is actually
preparing a transport of very low radioactive materials comprising secondary reheaters with copper
tubes, a carbon steel massive plinth and a variety of CS and SS small pieces stored in 200 and 400 1
drums. About 18 t with an average activity of 0.26 Bq/g of l37Cs and 0.15 Bq/g of 60Co are considered
for the first transport.

5.3.2. Free release of materials without specific treatment.

A certain amount of materials can be free released immediately either on the basis of its origin
(e.g. tertiary systems) eventually combined by radiochemical measurements (e.g. secondary
equipment considered as suspect material). Up to now, 94 t could so be unconditionally free released
and sent for recycling to the metal scrap industry (50 t) or to the construction industry for the concrete
(44 t). No materials have been sent up to now as industrial waste. It must be noted that during the
dismantling of the secondary circuit, some unexpected small contamination has been discovered. The
main contaminant in that case is always l37Cs which seems to be preferentially fixed on rusted pieces.
In any case, for each batch of materials, a strict documentation is required and the free release must be
approved by the Health Physics even for materials situated outside the controlled area.

5.3.3. Free release of materials after manual decontamination by washing

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. The washing of the dismantled pieces is done in a reservoir using some
detergents. The decontaminated materials are then free released either by direct surface measurement
of 100% of the surface (double measurement; the second one is performed after 3 months) or by mass
measurement using the Canberra Q2 200 1 drum gamma spectrometer at the condition that the material
can be considered as homogeneous.

Up to now, 60 t have been so free released: 15 t of metals sent to the scrap industry and 45 t of
concrete sent to the construction industry.

5.3.4. Free release of materials after decontamination in Wet Abrasive Decontamination unit.

Painted, rusted or stainless steel pieces which are contaminated at a higher level e.g. up to
1000 Bq/cm2 and which can not be cleaned by simple washing can be treated by abrasion to remove
the contaminated layer. This technique is however limited to pieces of simple geometry because all
the treated surface 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 minimize the amount of secondary waste (see Figure 2).



Figure 2: View of the ZOE unit in operation.

Up to now, 21 t of materials were treated in the ZOE unit: 10 t were immediately free released,
6.3 t are still slightly activated (the decontamination was performed to reduce the dose rate and to
eliminate the loose contamination), a massive plinth of 2.8 t was 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 to remove contamination
or to difficult to measure locations. The materials not free released are normally sufficiently low to be
sent to a nuclear foundry for free release by melting.

It is interesting to note that contaminated lead bricks could be easily decontaminated by wet
abrasion. Lead is a special waste which is quite difficult to evacuate as radioactive waste.

5.3.5. Free release of materials after decontamination in a Chemical decontamination unit. [4]

Carbon steel or stainless steel pieces heavily contaminated e.g. up to 20,000 Bq/cm Py can be
treated by thorough chemical decontamination processes. 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 (see Figure 3). The process is based on the strong
oxidation potential of Ce4+ in sulfuric 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 \im 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 realized 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.

Figure 3: View of apart of the MEDOC unit.



5.3.6. Free release of concrete. [5]

In BR3, 28 anti-missile heavy concrete slabs were installed in the refuelling pool above the
reactor pressure vessel. The characterization studies have shown that all the slabs were contaminated
and that some were activated. Decontamination of 22 slabs representing 247 t was performed using
mainly scabblers, shavers and jackhammer. After treatment, 205 t could be unconditionally free
released and sent for recycling in the construction industry and 42 t still slightly activated are kept for
further conditioning (see Figure 4).

Figure 4: Scabbling of concrete slabs.

For dismantling of massive concrete blocks we use several techniques:

• For dismantling of suspect or surface contaminated concrete, we use a combination of diamond
cable sawing and diamond saw. The water and the sludge are collected; the water is evacuated
as low radioactive waste and the sludge is dried in 200 1 drums. The dried drums are
characterized by the Q2 Canberra system and either free released or evacuated as super-
compactable waste,

• For dismantling of activated concrete, we selected, after cold and active tests, the remotely
operated hydraulic jackhammer. The dismantling must be done in a ventilated containment with
high ventilation flow and efficient filtration systems.

6. MINIMIZATION OF SECONDARY WASTES DURING DISMANTLING OPERATIONS

For high active pieces, the choice of the dismantling technique is not only governed by the
technical aspects (thickness to cut, type of materials) and by the ALARA aspect (cutting underwater
for HA pieces) but also by the amount and type of secondary waste produced. A comparison made
during the cutting of the thermal shield of the reactor allowed to quantify all these aspects for
3 underwater cutting techniques: the plasma arc torch, the Electro Discharge Machining and the
milling cutter. It appeared that mechanical cutting was the best compromise and was then selected for
the further cutting of two sets of internals and for the cutting of the reactor pressure vessel. The
produced chips are easily collected, packaged and conditioned. This is not the case for the thermal
techniques. EDM produces very fine particles which must be collected on 1 îm filter cartridges and
the suction device must be placed at the source term to avoid visibility problems in the pool. Plasma
arc torch produces dross which settles down in the cutting chamber, particles smaller than 1 mm
which are filtered on gross filter and fine particles which require fine 1 ̂ im filters. Moreover plasma
arc torch must be done blindly due to the high turbidity and if possible in a closed chamber to avoid
contamination spreading. Aerosols, hydrogen and noxious gases are also produced which requires a
local air ventilation and filtration system. For mechanical cutting, the band saw produces a kerf of
2 mm whereas the milling cutter produces a kerf of 6 mm; the secondary waste volume is hence 3

10



times larger with the milling cutter. Other techniques were also used: hydraulic shears with no
production of secondary wastes, EDM for some localized surgery operations, reciprocating saw with
kerf of 2 mm.

For the dismantling of low active pieces, one important aspect is to minimise the contamination
spreading during on site dismantling of the equipment; this is realised by selecting mainly mechanical
cutting such as reciprocating saw, nibbler, hydraulic shear which do not produce airborne
contamination. The large dismantled pieces can further be reduced inside a ventilated containment in
which thermal techniques (oxy-acetylene burner, plasma arc torch) or dust producing techniques
(grinder, circular saw) can be used. The filtration is performed using regenerable filters to protect the
HEPA filters and avoid their frequent replacement. It must be noted that thermal techniques are not
recommended for size reduction when the material is foreseen for decontamination. Thermal cutting
can result in contamination trapping in molten/resolidified metal along the cut.

For equipment of complex geometry or for moderately thick equipment, we have tested
underwater cutting with an abrasive water jet technique. We foresee to use this technique for the
dismantling of the neutron shield tank (complex activated geometry) and for several vessels (steam
generator, pressurizer, large vessels, etc.,). In the last years, industrial developments have been made
with a trend to the use of high pressure up to 2000 bars and a lowering of the abrasives consumption
down to 1 kg/min for the high pressure suspension water jet; for the high pressure injection jet,
pressures up to 4000 bars are used with abrasives consumption down to 0.25 kg/min.

7. SOME CONSIDERATIONS ON COST [6]

An estimation of the overall decommissioning cost has been made for immediate or deferred
dismantling. For deferred dismantling, two scenarios were considered: 65 or 80 years safestore
allowing in the longest option to dismantle the reactor pressure vessel hands on. The overall cost lies
around 4 billion BEF (1995 value: 1 $ = 38BEF) ± 20% for the different options. The high
uncertainties on the safe enclosure costs, on the economic evolution and on the waste costs led us to
select the immediate dismantling option. The overall cost for the evacuation of dismantled materials
as radioactive waste represent about 30% of the overall decommissioning cost. In the last years, the
radioactive waste costs have increased much more than the inflation so that the relative importance of
the waste costs in the overall cost increases too.

The waste costs vary also considerably in function of the waste type and category. For the low
active waste, it is interesting to reduce the volume of the final waste package: incineration and super-
compaction are therefore applied intensively. The medium active wastes are about 3 to 5 times more
expensive than the LAW so that decontamination to change the waste from category can be
interesting. The evacuation of HAW can be 30% more expensive than MAW; it is therefore
imperative to optimize the cutting of the pieces and the packaging of the waste drum.

The best choice is to avoid sending dismantled materials as radioactive waste. Therefore
decontamination, recycling and free release are extensively used. These routes are 2 to 4 times
cheaper than the evacuation as low radioactive waste. Among these routes, melting for recycling and
decontamination with abrasives are of the same order of magnitude. Due to the high investment cost,
chemical decontamination is still more expensive than physical decontamination.

8. CONCLUSIONS

The management of the waste from dismantling operations does not fundamentally differ from
the management for operating plants. However, due to the strong importance of the waste cost in the
overall decommissioning cost, the incentive is put on the minimization of the volumes of primary and
secondary radioactive costs and on the development of alternative evacuation routes for dismantled
materials. Recycling in the nuclear world or free release for recycling in the industrial world are

11



therefore developed and encouraged for economic and also for ethic 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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