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INTRODUCTION

Nuclear fuel undergo evolution in its
properties and characteristics as result
of the operation in the nuclear reactors.
Knowledge of this evolution is neces-
sary to guarantee the behaviour and
safety in the operation, as well as to
optimize the economic performance of
the fuel cycle. For this reason, fuel
manufacturers develop fuel behaviour
models readily validated.

On the other hand, when with the ob-
jective of improving the performance of
fuel, some important modifications are
made, it is necessary to prove the ef-
fect on the behaviour and evaluate the
influence in each of the critical charac-
teristics of the fuel assemblies. In this
cases, before a complete refuelling with
new designed fuel is inserted, it could
be necessary, in accordance with the
importance of the modification, to burn
a reduced number of fuel assemblies of
the new design. This kind of fuel as-
semblies are known as demonstration

F | - Representation of SICOM equipment
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assemblies. During the demonstration
process, some characterization of the
behaviour of the fuel is made, usually at
the end of each cycle. The information
obtained would be used to assess the
criteria for commercial operation of the
new designed fuel.

An important part of this characteriza-
tion is made using NDE methods, ap-
plied at the nuclear plant during the re-
fuelling outages. The features to be
checked in these circumstances are
usually be the following: general condi-
tion of the assembly and its main parts,
dimensional variations, corrosion layer
thickness and fuel rod tightness.

Within the Electrotechnical Research
and Development Program (PIE), and
with participation by IBERDROLA,
TECNATOM and ENUSA, an inspec-
tion system (SICOM) has been devel-
oped for spent fuel assemblies from
pressurized water plants, the aim being
to check general condition, apply di-
mensional controls and measure the
oxide layer on the peripheral fuel rods.
This equipment was qualified at
Tecnatom and Almaraz | NPP during
the first quarter of 1995. Subsequently,
in September, it was validated for the
EDF P'4 plants at C.N.P.E. Belleville.
The objective of this paper is to de-
scribe the SICOM equipment and the
qualification and validation process.
Also, some information is given about
the first services performed on site.

GENERAL CONFIGURATION

Figure | is a general representation of
the SICOM equipment. The main parts
of the equipment are described in the
following paragraphs.

Mechanical equipment

From the moment this equipment must
be installed in spent fuel pools of differ-
ent plants, it is necessary to adapt the
equipment to fit in the different existing
configuration.
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equipment (fig.
II) are as follows:

- Upper anti-seismic assembly: This
assembly, from which hangs the rest of
the mechanical equipment, is anchored
outside the pool and allows the overall
assembly to be levelled. It is designed
such that the SICOM is capable of with-
standing an earthquake, even though a
fuel assembly is being inspected at the
time.

- Mast: This hangs from the upper
support and, supported by it, rests on
the floor of the pool. The inspection
modules are displaced along its faces
via linear guides and rack and pinions.

- Mast support: This provides the
base for support of the equipment on
the floor of the pool.

- Fuel assembly support: This sup-
ports and rotates the fuel assemblies in
order for each face to be lined up with
the inspection modules.

- Clamp: This prevents the fuel as-
sembly from falling, ensuring the secu-
rity of the assembly during the inspec-
tion. The clamp has no contact with the
fuel assembly.

- Displaceable modules: These trans-
port the eddy current modules, televi-
sion cameras, lights, etc. to any posi-
tion along the length

complished, ensuring also indications
of the position of the inspection module
and of the fuel assembly during rota-
tion.

The SIROCO-PC controller is made up
of a computer equipped with a
SIROCQO-PC card. The hardware used
to govern the equipment depends on
the inspection to be carried out. To in-
spect fuel assemblies using the Eddy
Current Module, the SIROCO-PC com-
puter is used, while in the case of in-
spections performed using the Visual
Inspection Module control is accom-
plished by means of the same com-
puter used to acquire the visual inspec-
tion data.

The SICOM interface is in charge of
providing the assemblies required for
control to be accomplished from the
SIROCO mechanical equipment. The
characteristics of the equipment and
the conditions encountered in operation
under water require that the interface
provide an infrastructure allowing the
receptacles in which the equipment mo-
tors operate to be kept pressurized,
also providing control of the pneumatic
modules and electrical supply for the
equipment lights.

The interface is made up of a cabinet
which is located at the edge of the pool
and from which emerge four pressur-
ized tubes which run to each of the
equipment boxes.

Visual and dimensional inspection
system

The visual inspection system is used to
check the general conditions of the fuel
assembly and carry out dimensional con-
trol.

Dimensional control allows the main mea-
surements to be determined, among them
the following:

- Distance between fuel rods

- Length of fuel rods

- Length of the fuel assembly

- Distance between fuel rods and nozzles
- Width of grids

of the fuel assembly
faces.

The mechanical
equipment is de-
signed and manu-
factured taking into
account the high
levels of radiation to
which it will be ex-
posed and the fact
that it will operate
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- Fuel assembly bowing

- Twist

- Tilt of the upper nozzle with respect to

the lower
For most of these measurements the
accuracy is £0.3 mm, this increasing
to £1 mm for fuel rod and assembly
length.
The system is made up of an inspec-
tion module and the data acquisition,
processing and storage equipment.
The inspection module, located on the
mechanical equipment, includes a ra-
diation-resistant television camera and
four spotlights. The acquisition sys-
tem is made up of a personal com-
puter including a digitizer card and
software for image processing and for
automatic calculation of the corre-
sponding measurements by means of
artificial vision algorithms.
The movements to be made by the
mechanical equipment for data acqui-
sition are also automatically pro-
grammed from the visual inspection
computer, along with those for the cor-
responding illumination. The
SIROCO-PC controller executes the
movements and actions generated.
All the information from the visual sys-
tem may be stored in the computer as
well as in the video recorder.

Oxide layer measuring system

Measurement of the oxide layer on the
peripheral fuel rods is accomplished

using eddy current techniques based
on measuring the separation between
the sensor and the cladding material,
since the oxide layer is not conductive.
Under normal conditions the thickness
of the oxide layer to be measured may
be between 20 and 60 micra. The ac-
curacy of the measurement to be per-
formed is 3-5 micra.

The system consists of an inspection
module and a data acquisition system
for data processing and storage. The
inspection module includes the sensor
(coil) which moves in constant contact
with the fuel rod, and a television cam-
era for observation of sensor coupling.
The acquisition system is made up of a
personal computer including the eddy
current equipment and corresponding
specific software. The results of the
measurements performed may be dis-
played on screen and printed out.
Figure Ill shows an example of oxide
layer thickness data display.

QUALIFICATION TESTS
AT TECNATOM

Qualification of the SICOM equipment
at TECNATOM was performed using a
mock-up of a 17x17 AEF-XL type fuel
assembly previously characterized for
this purpose at the

« Lateral width of grid

« Height of upper nozzle

* Bowing

« Twist

= Perpendicularity
- Corrosion mesurements:
Corrosion measurements were per-
formed on four bushings (two of
Zircaloy and two of Zirlo) located on
four different mock-up rods.
The results of the qualification process
were as follows:
- Visual inspection of physical in-
tegrity.
The equipment demonstrated its ca-
pacity for the performance of this in-
spection with high gquality imaging.
- Dimensional inspection.
The equipment obtained the measure-
ments with a degree of accuracy simi-
lar to or better than that specified.
The bowing, twist and tilt measure-
ments are qualified by means of a fuel
prototype especially conceived for this
purpose.
The repeatability achieved in mea-
surement was also very high, the ac-
curacy obtained thus being guaran-
teed.
- Corrosion inspection.
The variations in the values obtained
by the equipment, with respect to the

ENUSA installations.
The inspections were
carried out in an 8-metre
deep trench full of water,
in order to reproduce as
closely as possible the
inspection conditions ex-
isting at the nuclear
power plants.

The different phases of
the gualification process
were as follows: assem-
bly of the equipment, in-
stallation of the mock-up
on the inspection equip-
ment, inspection and dis-
assembly of the equip-
ment.

During the assembly,
mock-up installation and
disassembly phases,
checks were performed
of the difficulties en-
countered in execution,
the times involved and
the safety conditions.
The inspection phase
consisted of inspecting
the following character-
istics on the mock-up:

- Visual inspection of
physical integrity.

- Dimensional measure-
ments:

= Channel spacing

« Separation between
peripheral rods and
nozzles

* Length of peripheral

rods
» Length of mock-up

General View. Validation
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Dimensional Control

values obtained using metallographic
methods, were lower than the speci-
fied degree of accuracy of + 3 micra.

ON-SITE VALIDATION TESTS

Validation at Almaraz NPP

This phase of the qualification process
consisted of repeating the process indi-
cated in section 7 at the Almaraz |
Nuclear Power Plant, with the equip-
ment installed in the spent fuel pool.
This validation process also served to
qualify equipment packaging and trans-
port.
The main difference with respect to the
qualification performed at TECNATOM
was that an actual irradiated fuel as-
sembly (17x17 STD) was used for the
inspection.
The scope of the inspection was as fol-
lows:
- Visual inspection of fuel assembly
physical integrity.
- Complete dimensional inspection of
a fuel assembly.
- Corrosion inspection on 8 peripheral
rods.
The results of this validation were as
follows:
- Visual inspection:
The equipment demonstrated its ca-
pacity for the performance of the in-
spection on an irradiated fuel assem-
bly, with high quality images obtained.
- Dimensional inspection:
The equipment demonstrated its ca-
pacity to perform the measurements
on an irradiated fuel assembly.
- Corrosion inspection:
The equipment demonstrated its ca-
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pacity to measure corrosion on irradi-
ated rods.
In addition, in this case the values ob-
tained were compared to those mea-
sured independently by another unit
of equipment homologated for this
type of inspection, no significant dif-
ferences being appreciated.
This test also served for validation of
the transport, assembly, inspection,
disassembly and decontamination of
the equipment at a 900 MW PWR plant
(Almaraz).

Blank test at C.N.P.E. Belleville |

The final blank test carried out at the
1300 MW Belleville plant consisted of
demonstrating the full operability of the
equipment at this plant, for the inspec-
tion of 17x17 AEF-XL fuel assemblies.
This test was performed in September,
at Unit 1 of the aforementioned plant.
Once the equipment had been assem-
bled, the inspection was carried out on
a fuel assembly mock-up supplied by
the plant, along with different safety
tests, all giving satisfactory resuits.

SERVICES PERFORMED
AND FUTURE UNDERTAKINGS

The SICOM Operations Committee
was set up for management of the ser-
vices provided, this including participa-
tion by D.T.N.,, TECNATOM and
ENUSA.

During the month of February of this
year the first inspection service using
the SICOM equipment was performed
at Almaraz || NPP.

The inspection was performed on two

demonstration assemblies with Zirlo
cladding with two burnup cycles and
on a spent fuel assembly present in
the fuel pool.
Visual physical integrity and dimen-
sional inspections were performed on
the three assemblies. In addition, a
total 56 Zirlo fuel rods were inspected
for corrosion, along with 32 Zircaloy-4
rods, on the two demonstration as-
semblies. On the other fuel assem-
bly, 15 Zircaloy-4 rods were in-
spected for corrosion.

During the month of May the second
commercial SICOM service was car-
ried out at the Vandellos Il Nuclear
Power Plant. Initially, within the seg-
mented rod project, four fuel assem-
blies that had undergone their first
burnup cycle were inspected, with
general visual, dimensional and oxide
layer corrosion controls being per-
formed.

In view of the possibilities offered by
the equipment, Vandellos later re-
quested that the service be extended
to include the performance of rod cor-
rosion measurements on a further
five spent fuel assemblies present in
the fuel pool.
This inspection was performed with
success in a short period of time.
Finally, in September and following
the final blank test, fuel assemblies
were inspected at Unit | of C.N.P.E.
Belleville.

The scope of the service included vi-
sual integrity control, complete di-
mensional control and measurement
of the oxide layer on peripheral rods.
There are currently undertakings to
use SICOM in the medium term for
the following projects;

- Segmented rods at Vandellos 1.

- LFA program at C.N.P.E. Belleville .
- ADA program at C.N.P.E. Belle-
ville I.

- Gadolinium program at Ascé Il.

- Zirlo program at Almaraz Il.

CONCLUSIONS

The qualification and validation tests
performed, along with the experience
acquired in commercial use of the
SICOM equipment, has made it pos-
sible to demonstrate the capacity of
the equipment for the performance of
quality inspections on irradiated fuel.
Particularly outstanding is the high
degree of accuracy achieved in di-
mensional measuring and the magnif-
icent image resolution obtained in
the visual inspections, along with the
large number of rods on which corro-
sion measurements were obtained.

The advisability of having available
an advanced item of equipment for
fuel inspections, developed by
Spanish industry, is confirmed by the
significant medium-term demand
foreseen for use of the equipment.



