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Abstract. This report presents the work carried out by CIEMAT in the frame of decommissioning the
research reactor JEN-1. Studies for evaluating different metal cutting techniques, including plasma-
arc cutting, contact-arc cutting and mechanical saw cutting led to assessing the performance,
advantages and associated problems for each technique. The main metallic material studied was
aluminium, but some experiments with stainless steel were also conducted. Melting was also studied
as a decontamination technique and as a way to reduce volume and facilitate the management of
radioactive waste.

1. Introduction

Spain has a long history in nuclear energy. In the early fifties the Junta de Energia
Nuclear (JEN) was created, the institution from which the CIEMAT later evolved. JEN was a
public institution under the Ministry of Industry and was created + to carry out research and
development on the peaceful uses of nuclear energy. JEN was transformed into CIEMAT
("Centro de Investigaciones Energeticas Medioambientales y Tecnologicas": Energy,
Environmental and Technological Research Centre) in 1986.

Among the more important installations and equipment that JEN acquired as it
developed was the JEN-1 Reactor. JEN-1 was an experimental, pool type, research reactor,
moderated and cooled by light water, with a thermal power of 3 MW that first went critical in
1958. The reactor operated almost continuously from 1958 to 1984, with a total generated
energy of 2700 MWD. The normal core load was 30 MTR (Material Test Reactor) type fuel
assemblies, containing 4.05 kg of U-235, producing an average thermal flux of 2.2 x 1013 n-
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cm" -s" . It was upgraded in 1969 and again in 1984 with important modifications to the
control system. The order for its final shutdown was given in 1987, after which the
decommissioning process for the reactor was begun.

There are other nuclear facilities present in CIEMAT which, like the JEN-1
Experimental Reactor, are included in a general decommissioning plan for CIEMAT: the M-l
Plant (reprocessing pilot plant), a radioactive liquid waste storage facility, a facility for the
conditioning of radioactive liquid wastes, etc. This plan is called the "Integral Plan to Improve
CIEMAT Installations (PIMIC)" that has been established and started up recently. Section 9
presents further information about this Plan.

2. Objectives of the project
The main objectives of the project "Decommissioning of nuclear installations at

CIEMAT" include the following:

• Evaluation of underwater cutting of metals by mechanical (pneumatically actuated saw)
and thermal (plasma arc, CAMC, etc.) techniques.

• Studies on melting of metallic materials, resulting from the underwater cutting, with the
aim of volume reduction and/or free release.
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The largest fraction of the material used in these studies came from aluminium
components from the JEN-1 Reactor.

3. Initial activities
Before carrying out decommissioning tasks, prerequisite activities had to be carried out

in the JEN-1 reactor installation. These activities were:

- Handling and transferring 40 spent fuel elements. These elements were removed from
the reactor pool and stored in wells in order to carry out the preliminary dismantling
activities. Later on, these spent fuel elements were loaded into GOSLAR casks and
transported abroad for reprocessing.

- The underwater dismantling of reactor internals began once the fuel assemblies were
removed from the JEN-1 pool. Dismantling was achieved manually by operating from
one of the two moveable JEN-1 pool bridges. Work was performed at the 8 m depth by
means of elongated and articulated poles. These operations were controlled and
monitored via TV cameras.

- Studies and assessments for planning and designing the cutting and melting facilities.
- Building the facilities.
- The licensing process for these facilities.

In accordance with the decommissioning program, components from the high power
zone of the JEN-1 (the core, control mechanisms, irradiation devices, etc.) and an important
part of the low power and storage zone components were successfully removed. The two
cooling towers from secondary circuit were also completely dismantled.

4. Facilities description.
4.1. Underwater cutting facility

An underwater cutting facility was designed, built and installed into a confined area of
the JEN-1 pool, to be used in the application of different cutting techniques for radioactive
metals. The most important features of this facility are:

a handling and positioning system;
- a cutting basin;

a purification system for the water in the cutting basin;
- an exhaust system for gases and aerosols; and
- a control system for the cutting tools.

The handling system has five degrees of freedom: three linear movements and two
rotational ones. The "swivel and pitch" device, which performs the two rotational movements,
is located at the lower end of the vertical mast. This device carries the different cutting tools
installed for the cutting technique studied.

The stainless steel cutting basin is a cylindrical structure, 2.85 m in diameter and 5 m
with a capacity of 32 m3. The basin is immersed in the

pool walls. The usual working depth is 3 to 4 m underwater.
high; with a capacity of 32 m3. The basin is immersed in the reactor pool, and fastened to the

A water purification system exclusively dedicated to the water in the cutting basin is
used to keep turbidity and salts content as low as reasonably possible. It consists of a sand
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filter, ion-exchange resin bed and several "in depth cartridge" filters, besides a pump,
instrumentation and pipes.

A hood over the basin collects gases arising from the cutting operations. Gases are
conducted through different filter systems by an extractor. The hood is equipped with
hydrogen measurement equipment and also two isokinetic aerosol samplers have been
installed on the pipes.

Figure 1 presents a general view of this cutting facility. The cutting operation is
managed from a Control Room, located close to the top of JEN-1 pool, which contains the
controls for the positioning system, the remote master robot control, and a TV remote
monitoring system.

A master/slave robot manipulator, Manipulator Handling System, abbreviated MHS, designed
and built by LENTJES MCE Anlagen und Rohrleitungsbau GmbH (Austria) has also been
used. This remotely operated manipulator robot was acquired by CIEMAT as part of an R&D
project co-ordinated by UWT-Hannover, Hannover University (Germany). The MHS has 7 x
2 (slave/master) rotational movement axis, and consists of manipulators, electric systems, and
hardware and software controls. It was used for experiments with a Contact Arc Metals
Cutting (CAMC) technique (see later). This manipulator, working in the cutting vessel, can be
seen in Figure 2.

4.2. Melting facility
One objective of this project was the study of a melting process as a decontamination

technique. It has two main purposes: recycling material and volume reduction. An
experimental melting facility for low level radioactive materials has been designed and built
close to the JEN-1 reactor. The melting facility is provided with:

- a furnace system;
- an exhaust system for gases and aerosols; and
- auxiliary systems (purging gas, fire fighting equipment, etc.).

The operating license of this facility, issued by the Spanish regulatory authority (CSN),
allows the melting of radioactive materials with an average specific activity of up to 500 Bq/g.
Experiments with higher activity require a specific approval from the CSN.

The melting facility is provided with auxiliary equipment for monitoring radiation levels
and airborne particles at the working area and in the furnace cubicle.

The melting system includes:

- Induction furnace with a ceramic crucible (capacity for aluminium melting: 20 kg) and a
hydraulic device for upsetting the furnace;

- Thyristor static generator (nominal power: 50 kW; frequency: 3.000 Hz), electric
systems and controls.

- Water cooling system. Two cooling loops are employed: the primary circuit directly
applied to the furnace coil and the generator, and the secondary circuit with a cooling
tower (capacity: 50,000 kcal/h).

A partial view of this melting facility can be seen in Figure 3.
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Figure 1. Underwater cutting facility.
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Figure 2. Rrobotic manipulator.

Figure 3. Melting facility.
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5. Cutting techniques used
5.7. Cutting by plasma-arc

Plasma-arc cutting is a thermal cutting method. An electric high-voltage arc between an
auxiliary electrode and a torch is established inside the torch ("pilot arc"). A gas, nitrogen in
this case, flowing through the torch is ionised, producing a plasma gas due to the electric arc.
This plasma dart is transferred and focused to the positive electrode, the piece to be cut or
working piece, from the torch. This plasma gas reaches temperatures higher than 15000°C in a
small dart shape, which, focused in a small area of the working piece, melts the material.
Melted material is directly taken out of the kerf by a second high pressurised gas flow (usually
CO2), which also cools the electrode. The plasma torch electrode is usually made from
titanium and is internally water cooled.

The plasma-arc cutting tool is easily fastened to the five axis handling system (see
Figure 4) due to its light weight. Flexible connections are used to connect the tool to the high-
powered electric source (100 kW, 500 A c.c), the high pressure gas sources and the cooling
water pump. Thus, the positioning device can be easily moved along the working piece,
guiding the tool to the selected cutting points.

Figure 4. Plasma-arc cutting torch attached to the 5 axis handling system.

5.2. Cutting by CAMC
As mentioned in 4.1 the experiments with this cutting technique were carried out under

a joint project with CIEMAT (Spain), UWT-Hannover, Hannover University (Germany) and
LENTJES MCE (Austria).

The CAMC system is a thermal metal cutting application that is easy to use. CAMC
consists of applying a high-voltage directly between a permanent ("non-consumable")
electrode and a metal working piece (positive pole). A high voltage arc is established between
the permanent electrode, made of pressed graphite plates, and the working piece. This high
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energy produces local melting of material, which is immediately taken out of the kerf by a
high-pressure water jet.

The electric power source provides 24-50 V DC at 200-2000 A. The wires from the
electrical power source are cooled by an internal forced flow of water. An 8 m3/h flow high
pressure pump is used for both cooling circuits: wire cooling and the water jet for kerf-
electrode rinsing. The cutting tool and positioning system must be electrically isolated to
avoid discharges.

This cutting tool has been used with two different positioning systems: the five axes
device and a master-slave robot designed by LENTJES MCE known as "manipulator handling
system" (MHS). The CAMC cutting tool has been designed with interfaces adapted to both
positioning systems.

5.3. Mechanical cutting
This is a group of cutting techniques belonging to the "fragmentation" type. The

equipment used in CIEMAT to carry out experiments in mechanical cutting is a pneumatically
actuated commercial reciprocating saw. The saw has a stroke of 60 mm at 330 strokes per
minute. It has been modified and adapted to be capable of operating under watertight
conditions and is also provided with a pneumatic system to hold it against the piece to be cut
and to control the saw blade pressure against the piece. Each of these pneumatic systems has
its own supply. The saw can cut pipes up to 200 mm in diameter (or other material of like
thickness). The blades used are 400 mm long, 2 mm thick with 8 teeth per inch.

Figure 5 shows the saw and the pneumatic control system working on a mock-up.

6. Materials studied
6.1. Selected components

Certain components of the JEN-1 reactor were selected for this project. The selected
components were all made from aluminium, except for the guide tubes for the control blades,
which were stainless steel. Two racks for storing fuel elements from the JEN-1 reactor and
some plates coming from storage racks of the Almaraz Nuclear Power Plant were also
selected. The following is the list of selected radioactive components:

- Core grid
- Grid support
- Control blade housings
- Ionization chambers support
- Primary cooling circuit plenum
- Guide-tubes of control blades
- 5 + 1 fuel elements rack
- 18 fuel elements rack
- Almaraz NPP fuel element storage rack

Non-radioactive materials were also used for training in cutting with the CAMC
technique such as full size mock-ups of:

5 + 1 Fuel elements rack
Double-T beam grid support

- Guide-tubes of control blades
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Figure 5. Mechanical saw working on a mock-up.

All of these components are described below.

The core grid ("Al-Mg3"; Al - 97%, Mg - 3%-) was a rectangular frame (1180 mm x
930 mm, by 150 mm thick) with chamfers at its corners. It had a network of 81 (9x9) square
cells (each 67,7 mm x 67,7 mm), assembled from 10 mm thick aluminium plates.

The grid support (Al-Mg3), anchored at the bottom of the pool in the high-power
position, was a framework in a pyramidal trunk shape with a rectangular cross section. It was
made from four vertical beams and four horizontal ones, which form the lower base. All
beams had a double-T profile (120 mm x 100 mm, thickness 20 mm). The upper part of this
support was a frame with shape, dimensions and holes suitable to support and hold the core
grid structure. The overall dimensions of this frame were 1725 mm x 1475 mm (lower base)
and 1900 mm in height.

The control blade housings ("Al-99.5", Al - 99.5 %) were made from two 965 mm high
by 716 mm wide by 3 mm thick plates held 19 mm apart by three solid separators, two at the
ends (60 mm wide) and one at the middle (10 mm wide). The control blades could slide in
between.

The ionization chambers support (Al-99.5) was made from an assembly of structures
and plates. Its overall dimensions were 1470 mm x 630 mm x 1180 mm (1 x w x h).

The primary cooling circuit plenum (Al-Mg3) was a 10 mm-thick aluminium box,
820 mm x 770 mm x 1165 mm (1 x w x h). It had a lateral sliding gate on the top, and was
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joined directly to the core grid structure. It also had a cylindrical tube at the bottom, which
connected to the primary cooling pipe.

The components mentioned above are represented in Figure 6. Other components used
were:

- the 5 + 1 fuel elements rack (Al-99.5) made from an assembly of L-profiles (30 x 30 x 3
mm), with overall dimensions of 353 x 662 x 900 mm (1 x w x h);

- the 18 fuel element rack (Al 99.5) made from an assembly of T-profiles (25 x 15 x 3
mm) and L-profiles (20 x 20 x 3 mm), with overall dimensions of 353 x 1560 x 900
mm (1 x w x h);

- the guide-tubes for the control blades, an assembly of four stainless steel tubes 84 mm
diameter and 2 mm thickness, with overall dimensions of 286 mm x 258 mm x 8877
mm (1 x w x h); and

- the stainless steel Almaraz NPP fuel element rack plates. 113x416x6 mm.

The mock-ups for training in the CAMC technique, shown in Figure 7, were full-scale
constructions from the same materials as their originals.

CONTROL BLADES AND HOUStNO
I0NIZAT1ON CHAMBERS SUPPORT

COLLECTOR

QRIO SUPPORT

Figure 6. Some selected components.
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Figure 7. Mock-ups for inactive cutting tests.

6.2. Characterization of materials
The above mentioned reactor components were raised in the JEN-1 pool after

dismantling all reactor internals. These components were kept 1.5 m below the pool surface in
order to keep the dose rate at the water surface lower than 2 uSv/h. At this position the
components were sampled via core drilling. The radioactive characterisation was achieved by
a, (3 and y spectrometry of samples taken from these pieces and the dose rate was measured
directly.

The results obtained showed that the main radionuclides present, with the highest
specific activities, were Fe-55, Co-60 and Cs-137, with some Eu-152 on the control blade
housing. These results are shown on Table I.

7. Results of experimentation
7.1. First phase (preliminary work)

The first phase includes cutting experiments by plasma arc and mechanical saw on
several aluminium components from the JEN-1 core:

- primary cooling circuit plenum;
- a plate from the core grid;
- two control blade housings; and
- ionization chambers support

These experiments garnered basic information on the cutting techniques as applied to
aluminium materials. They explored such aspects as: basic cutting parameters (speed, gases or
water pressure, electric current and potential), influence on water properties (turbidity, pH,
conductivity), secondary waste production, aerosols formation, radiological protection, etc.
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In this first phase melting experiments were also undertaken using the pieces resulting
from the cutting experiments.

7.1.1. Cutting by plasma-arc

Cutting parameters were first determined by Unterwassertechnikum Hannover (UWT-
Hannover). Some cutting experiments have been done to prove this equipment on non-
radioactive materials on a pilot-scale facility.

Afterwards the technique was successfully employed at the JEN-1 cutting facility.
Pieces used had thicknesses between 3 and 60 mm and were cut 3.5 m under water. Nitrogen
was used as the plasma gas and carbonic dioxide as the secondary gas. The cutting speed
ranged from 10 to 120 cm/min with electric current between 200 and 500 A. Some
components were partially cut on this first phase: core grid, ionization chambers support and
primary cooling circuit plenum. Table II is a summary of the results obtained.

7.1.2. Mechanical cutting

Cutting experiments on aluminium were carried out on the grid support base plate of
JEN-1 (25 mm in thickness). The saw blades used were 400 mm long and 3.2 mm wide. The
pressure of the pneumatic advance cylinder was about 5 bar ("cutting pressure"). At these
operating conditions the cutting speed ranged from 7.6 mm/min on the first cuts to
4.3 mm/min on the last ones.

TABLE I. Results of components characterization

OMPONENT

Core Grid

Grid Support

Control blade
housing

Ionization
Chambers support

Cooling collector

5 + 1 Fuel
elements rack

18 Fuel
elements rack

Guide tubes*

Fuel elements
NPP rack*

Dose Rate
(mSv/h)

3

0,2

30

1.2

0.6

0.08

0.08

0.03

0.03

Gross a
Emitters
(Bq/g)

0.7 EOO

0.6 EOO

4.2 E01

3.8 EOO

0.8 EOO

0.9 EOO

0.6 EOO

< 0.3 EOO

< 0.3 EOO

Gross p
Emitters
(Bq/g)

3.0 E03

8.2 E02

1.6 E05

1.6 E04

1.3 E03

2.8 E01

3.1 E01

7.1 EOO

5.9 E01

Gross y
Emitters
(Bq/g)

7.5 E03

1.9 E03

1.9 E05

2.2 E04

1.7 E03

5.5 EOO

7.7 EOO

6.2 EOO

2.0 E01

Fe-55
(Bq/g)

2.9 E02

4.3 E03

3.0 E04

3.1 E02

2.5 E03

-

-

Co-60
(Bq/g)

4.2 E03

9.7 E02

1,2 E05

1.3 E04

8.8 E02

2.4 EOO

1.5 EOO

1.1 EOO

7.9 EOO

Cs-137
(Bq/g)

1.4 E01

9.2 EOO

1.5 E03

1.1 E02

3.1 E02

0.6 EOO

2.6 EOO

1.8 EOO

3.0 EOO

Eu-152
(Bq/g)

-

1.5 E03

3.9 E02

-

-

* Stainless Steel
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7.1.3. Melting experiments

Only aluminium materials were used in these experiments. Most of the samples came from the
underwater cutting of the JEN-1 components, with very low specific activities. Hence, a
number of lots consisted of pieces from the plenum, ionization chambers support and grid
support. Additives, to increase slag formation and melted material fluidity and to decrease
melting temperature, were occasionally incorporated with some lots. Additives, consisting of a
mixture of salts (NaCl, KC1, CaF2 in variable compositions), were added to the contaminated
material at different weight percentages.

TABLE II. Results of plasma-arc cutting (1st. Phase)

PARAMETER

Thickness, mm
Plasma pres., psi
Secondary pres., psi
Cutting speed, cm/min
Current, A
Cut length, cm

OTHER DATA:
Nozzle: 3,2 mm

CORE GRID

75
19-30
40
10-12
450
24

Plasma gas:
Distance: 5

CHAMB.
SUPPORT

60
20
40
15
200^00
36

PLENUM

10-20
20
40
50-114
225^100
1050

N2 Secondary gas: CO2
mm Water depth: 3 m

It is not easy to interpret the results. Conclusions on general lines show that
decontamination factors are important only if radioactivity is present as surface
contamination, but are very poor if it is mainly due to activation. Radioactivity levels in the
ingots are lower than in the original material, being transferred partially to the slag. It was
verified that Cs-137 and Eu-152 activities were insignificant in the ingots. Moreover, an
important reduction of volume was obtained and a homogenization of radioactivity was also
verified inside the ingot.

7.2. Second phase
The second phase includes cutting experiments on several aluminium and stainless steel

components from the JEN-1 reactor and on stainless steel plates from the fuel element racks
ofaNPP.

7.2.1. Cutting by plasma-arc

Some aluminium pieces, partially cut on the first phase, were used again in this second
phase, like the grid support (Al-Mg3) and primary cooling circuit plenum (Al-Mg3) as well as
some stainless steel plates coming from a NPP. The following Table III is a summary of the
results obtained in this phase:
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TABLE III. Results of plasma-arc cutting (2nd. Phase)

PARAMETER

Thickness, mm
Plasma pres., psi
Secondary pres., psi
Cutting speed, cm/min
Current, A
Cut length, cm

OTHER DATA:
Nozzle: 3,2 mm

NPP FUEL
ELEMENT
RACK*
6
20
40
80
150-200
70

Plasma gas: N;

PLENUM

10
20
40
70
175-200
150

GRID
SUPPORT

100
15
40
25
200^50
120

> Secondary gas: CO2
Distance: 5 mm Water depth: 3 m

* Stainless steel

7.2.2. Cutting by CAMC

This cutting tool has been successfully proved and handled by the five-axis positioning
system and by the seven-axis slave-master robot (MHS), already mentioned.

The cutting experiments were first carried out on the 5+1 fuel element rack mock-up,
(aluminium blade 3 mm thickness), and guide-tube mock-up (stainless steel), constructed to
get cutting and manipulation experience with the CAMC tool.

Afterwards cutting work on radioactive aluminium was carried out on:

(a) A vertical aluminium beam cut from the grid support from JEN-1 (25 mm in thickness),
using the five axis handling system. The results are shown in the Table IV.

(b) The 5+1 fuel element and the 18 fuel element aluminium racks.
(c) The guide-tubes for the control blades, made of stainless steel.

The results obtained in experiences b) and c) are presented in Table V.

TABLE IV. Cutting of grid support by CAMC

VOLTAGE
(V d.c.)

42
46
46

INTENSITY
(A)

400-700
500-1200
300-600

JET
PRESSURE
(bar)

3
4
4

CUTTING
TIME
(min)

60
42
73

SECONDARY
WASTE

(g)

270
290

(g/cm2)

4.5
4.8
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7.2.3. Mechanical cutting

Cutting experiments on aluminium were carried out on a vertical beam of the grid support of
JEN-1 (20 mm in thickness). The saw blades used were 400 mm long and 25 mm thick, 8
teeth per inch. For this configuration a 350 mm blade was useful for cutting. Summary results
are shown in the Table VI.

7.2.4. Melting

Melting of stainless steel and carbon steel pieces has also been done, using non-radioactive
materials. Increasing the temperature from the usual 650 °C for melting aluminium up to 1350
°C for melting steel was difficult using this equipment. Only partial melting of steel has
occurred in some trials. Problems appear when the materials are partially melted, and the
loading material was tried to upset. The furnace cannot keep the high temperature while
upsetting. The melted material quickly cooled, solidifying inside the crucible.

TABLE V. Results

VOLTAGE
(V d.c.)

of cutting by CAMC

INTENSITY
(A)

JET
PRESSURE
(bar)

CUTTING
SPEED
(cm/min)

CUTTING
TIME
(min)

CUTTING
LENGTH
(cm)

5 + 1 fuel element storage rack

53 700-900 7 1.3 9 12

18 fuel element storage rack

48
48
53
53

600-1000
900
900
700-800

7
7
7
7

1.7
5.0
0.9
3.6

16
2
98
10

28
10
84
36

Des for control blades

53 600-1000 8 2.5 32 80

TABLE VI. Results of mechanical cutting

CUTTING
PRESSURE

2-4
4-5
6
6

CUTTING
SPEED

110
105
148
112

CUTTING
TIME

76
102
53
70

SECONDARY WASTE

(g)

60
40

(g/cm2)

1
0,67

OTHER DATA: Feed Pressure: 6 bar Tool Pressurization: 1 bar

220



8. Issues and conclusions

The main problem encountered during the thermal cutting process (plasma arc and
CAMC) for aluminium is hydrosols in the cutting basin. Quick hydrosol formation limits the
remote TV visibility of the cutting process. The purification system requires considerable time
to remove the particles from the huge water basin volume. Also, particles must have a certain
size to be retained by the filters. Therefore chemical flocculants must be added to form solid
particles that can be retained by the filters. The most effective flocculant additive used for
aluminium hydrosols is Na3 PO4, but it also requires time to work. This bad visibility or water
quality usually delays the experiment starting or progressing.

The use of the above mentioned thermal technique to cut stainless steel does not present
the indicated visibility problem and can be done without difficulty.

Thermal cutting techniques produce, inevitably, an appreciable quantity of aerosols, the
majority of which is retained by the water in the cutting basin. To avoid the non-retained
fraction disseminating into the environment, it is necessary to provide an effective gas
collecting and filtering installation. In our case, the gas collecting and filtering system was
very effective and our environmental monitors did not detect the presence of radioactive
aerosols.

Sometimes small explosions occur in the cutting basin, due to gases being trapped as a
consequence of the position of the cutting tool and the workpiece. This must be avoided. It is
due mainly to water electrolysis by the electric arc. The gas measurement equipment did not
detect hydrogen during the cutting process. No changes are produced in the water's physical-
chemical characteristic, but a very slight increase of conductivity and pH are noted.

The results of analysis of personal dosimeters indicated that workers did not receive any
significant radioactive dose during cutting and melting processes.

Environmental monitors did not record any radiation level above the background during
these processes.

The cutting of a double-T shaped beam by three different cutting techniques allows one
to compare them: the best behaviour was achieved by the mechanical saw cutting and the
worse by the CAMC tool. The detailed conclusions of this comparative study were:

• Mechanical saw cutting presents some advantages: simple equipment, simple process,
easily automated, no need for special attention from the operator, better reliable
conditions, clean and good aspect of cut, narrow kerf. It produces less waste than the other
techniques and no appreciable water turbidity. Thick pieces require more time, but no
special geometry preparation is necessary.

• Plasma arc cutting tool is the most complicated method. It needs a water cooling system,
gas feeds, and high-power electrical feed. It produces a narrow kerf (wider than
mechanical cutting) with detrimental water turbidity. Not easy to position and use on thick
areas to be cut.

• CAMC tool produces considerable secondary waste, a wide kerf, rude cut, with big
material loss and water turbidity. Positioning is difficult and requires total dedication of a
cutting operator. The cutting tool is simple, but needs secondary support systems: a water
jet system and a powerful continuous high-density current source.
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The mounting and operation of experimental, pilot scale, installations for underwater
cutting and melting of metallic materials, close to the JEN-1 Research Reactor, has had very
positive results. It has allowed the transfer of tasks to Reactor operating personnel, who have
also acquired very important experience in the new decommissioning activities.

From the technical point of view, the previously mentioned events have resulted in the
acquisition of know-how on dismantling and decommissioning which could reduce the
technological dependency on others.

Robotic systems, like the ones used in CIEMAT to cut by the CAMC technique, are
very useful from the point of view of accessibility to remote sites, reduction of dose to
operators and handling simplicity.

Melting is a technique which allows an important volume reduction and a
homogenization of metallic wastes. Nevertheless, its use as a decontamination technique is
only effective if radioactivity is present initially as surface contamination, but it is not
effective if that radioactivity is mainly due to activation.

9. Future decommissioning work in CIEMAT
CIEMAT now has a new outlook concerning decommissioning activities. An "Integral

Plan to Improve CIEMAT Installations (PIMIC)" has been established and started up recently.

This is a Plan with the objective of modernizing installations and optimising the
resources of CIEMAT, in order to answer the new demands of research and innovation. It
consists of several types of activities such as:

• Dismantling of shut down installations:
- JEN-1 Reactor
- Installations for manufacturing and reprocessing nuclear fuel for research reactors
- Installations for conditioning and storing radioactive liquid wastes
- Other

• Modernization of buildings and facilities in operation:
- Metallurgical hot cells
- Test and research laboratories
- Plant for conditioning radioactive solid wastes
- Other

• Restoration of areas with residual contamination:
- Buildings and soils

• Reparation of infrastructures:
- Water distribution system
- Other

At the end of the Plan CIEMAT will be a Research Centre integrated by:

(i) One "nuclear island" to manage radioactive waste material, research using
hot cells and other activities regulated by the Authority.
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(ii) The rest of the Centre is constituted by operating radioactive installations
and conventional advanced installations or laboratories for R & D.

To carry out the activities included in the Plan, CIEMAT has an agreement with
ENRESA (the national Company responsible of radioactive waste management) by which this
Company is going to participate in the Plan. This collaboration includes participation of
ENRESA in the dismantling of big installations and in managing radioactive waste generated
in these activities.

The Plan has an industrial, not an R & D, character. Its budget amounts 6000 M Pta (36
M Euro) and its duration is from 2000 to 2006.

PIMIC implies activities with a radiological character, which are subjected to licensing
processes by the Regulatory Authority (CSN). Each involved installation needs an individual
license.
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