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Abstract

Since 1985, FRAMATOME has built up extensive experience in the poolside replacement of fuel rods (For
repair or R&D purposes and the reconstitution of fuel assemblies (i.e. replacement of a damaged structure to enable
reuse of the fuel rod bundle).

This experience feedback enables FRAMATOME to improve in steps the technical process and the
equipment used for the above operations in order to enhance their performance in terms of setup, flexibility, operating
time and safety. In parallel, the fuel assembly and fuel rod designs have been modified to meet the same goals.

The paper will describe:

• the overall experience of FRAMATOME with U02 fuel as well as MOX fuel; the usual technical process
used for fuel replacement and the corresponding equipment set;

• the usual technical process for fuel assembly reconstitution and the corresponding equipment set. This
process is rather unique since it takes profit of the specific FRAMATOME fuel assembly design with
removable top and bottom nozzles, so that fuel rods insertion by pulling through in the new structure is
similar to what is done in the manufacturing plant.

• the usual inspections done on the fuel rods and/or the fuel assembly,

• the design of the new reconstitution equipment (STAR) compared with the previous one as well as their
comparative performance.

The final section will be a description of the alternative reconstitution process and equipment used by
FRAMATOME in reactors in which the process cannot be used for several reasons such as compatibility or
administrative authorization. This process involves the pushing of fuel rods into the new structure, requiring further
precautions.

1. INTRODUCTION.

As of September 1997, the total number of irradiated FRAMATOME fuel assemblies is more
than 40,000, mainly 17x17 fuel assemblies (97%), in nearly 80 different plants reactors designed by
FRAMATOME or other N.S.S.S supplier.

Some of these assemblies have been damaged during their irradiation lifetime. This damage

takes the following forms:
- Leaking fuel rods, mainly due to debris in reactor coolant;
- Skeleton damage (grids), mainly due to handling incidents.
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In order to allow the reuse of some of the damaged fuel assemblies which have not reached
the end of their service life, FRAMATOME has developed since 1985 several sets of equipment for
fuel rod and skeleton replacement.

These sets of equipment have been developed and are operated on the basis of the AFA
design, which allows the dismantling of the top as well as the bottom nozzle, and fuel rod handling
from both the top and bottom of the fuel rods.

These two AFA features allow different kinds of repair, depending on the severity of the
damage.

2. AFA1 REPAIR TOOLS

This is a simple, easy-to-use set of tools, which has been designed for the replacement of fuel
rods in fuel assemblies.

These tools can replace one or several fuel rods after removal of the top nozzle. The main
feature of this repair process is the use of the fresh fuel elevator to support the fuel assembly during
the repair operations.

The principle of the repair operations is described in figure 1 below. The fuel rod gripper
remains in fixed position, while the elevator moves the fuel assembly up and down during rod
extraction and insertion. During this operation, the whole fuel rod is surrounded by a protecting
sleeve in order to prevent any external damage.

To increase the experience feedback on leakage causes, the equipment includes a set of tools
for on site examinations by the visual (underwater cameras) and eddy current techniques.

Photograph 1 below gives an overview of the complete set of tools installed in a fuel pool.
The main components of this tooling are:

• The fuel rod gripper and its handling device.

• A set of tools for fuel assembly nozzle setup and removal: screwdriver, expansion tool,
nozzle handling tool, guide plate for proper positioning of screwdriver and/or expansion
tool.

1 AFA= Advanced Fuel Assembly (With removable bottom and top nozzles).
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PHOTOGRAPH 1. AFA repair tools

Due to its very simple design, the AFA repair equipment can be operated in a very short time:
it takes less than 60 hours to perform the repair of one fuel assembly, including setup and removal of
the equipment. This performance allows fuel assembly repair during outages. As of September 1997,
FRAMATOME has replaced about 400 fuel rods in 130 fuel assemblies.
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3. FUEL ASSEMBLY RECONSTITUTION: STAR STATION

For skeleton replacement on fuel assemblies, FRAMATOME has developed a process in
which the fuel rods are pulled from the damaged skeleton and transferred directly to a new one. As
shown in figure 2 below, the two skeletons are stacked in such a way that the corresponding rod
location in each skeleton is perfectly aligned.

IRRADIATED FUEL ASSEMBLY RECONSTITUTION
(FUEL REASSEMBLING)

1. DAMAGED F.A. PREPARATION .

bottom nozzle

bottom nozzle

J new
| skeleton

2. SOUND FUEL ROD TRANSFER .

L W L

disposal

3. EMPTY DAMAGED SKELETON DISPOSAL .

( n / r i ) top nozzle

checking facilities

storage rack

4. RECONSTITUTION COMPLETION .

FIG. 2. Reconstitution process
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The main advantages of this method are as follows:

• The perfect alignment of the two skeletons prevents any possibility of location error
during the transfer of the fuel rod. This feature is particularly important in case of
heterogeneous rod bundles such as MOX or fuel assemblies with burnable poisons rods.

• Insertion of the fuel rod by pulling reduces significantly the risk of interference between
the rod and the new skeleton. Furthermore, the rod never undergoes compressive loads,
which prevents any risk of rod damage by buckling.

• During the transfer, the rod is always held in a minimum number of grids of both
skeletons, and no horizontal movement of the gripper is needed, so that the risk of
accidental drop of the fuel rod during its handling is ruled out.

Photographs 2 and 3 show the equipment used for fuel assembly reconstitution. This
equipment, called STAR, consists of:

PHOTOGRAPH 2. Star station PHOTOGRAPH 3. Basket inverter
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• two baskets for accommodating the damaged fuel assembly and the new skeleton, and
providing their proper alignment during the operations,

• a fuel rod transfer tool including a motor-driven gripper for rod pulling. This gripper is
positioned on the fuel rod by the mean of a XY table for the upper part of the gripper, and
a centering plate for the lower part. The XY table is manually operated.

• a basket inverter, A two level bracket used to support the baskets and the rod transfer tool.
A set of tools for fuel assembly nozzle setup and removal similar to those used for AFA
repair (See para 2).

A complete set of safety features have been implemented. In particular, the transfer sequence
of the fuel rod is completely automatic and computer controlled, and such parameters as insertion
forces, insertion speeds, altitudes and gripper status are constantly monitored. Part of this equipment
can also be used for repair, as an alternative method to the AFA repair, for example in case of plants
where a fuel elevator is not available.

As of September 1997, FRAMATOME has successfully reconstituted 60 fuel assemblies,
corresponding to the transfer of nearly 16,000 fuel rods.

The STAR station, which is the last generation of reconstitution tools, has been in operation
since the beginning of 1997. This equipment is the result of significant improvements made on the
previous generation of tools (OSIC station), providing major performance enhancements, especially
in terms of flexibility and setup speed, as shown in table 1 below:

TABLE I. FUEL ASSEMBLY RECONSTITUTION PERFORMANCE

Weight
Volume
Setup time
Reconstitution time (1 FA)
Removal time

OSIC
301
200 m3

200 h
64 h
160 h

STAR
9t
50 m3

80 h
64 h
60 h

Additional improvements are planned on STAR to reduce the reconstitution time per fuel
assembly down to 48 H in the near future.

4. FUEL ASSEMBLY RECONSTITUTION: ALTERNATIVE METHOD.

In spite of the flexibility of the STAR equipment, there are some plants where this equipment
cannot be easily operated. This is the case for the plants with (16x16 and 18x18 fuel assemblies),
where a different reconstitution process (fuel rod insertion by pushing) and the related tools have
already been qualified by safety authorities in the post.

For this reason, FRAMATOME has developed the tools for this alternative reconstitution
process, consisting in inserting the fuel rod in the new skeleton by pushing.

Figure 3 below gives the functional description of this process and the associated tools. The
damaged fuel assembly and the new skeleton are installed side by side directly in the storage racks. A
fuel rod gripper tool, similar to the STAR gripper, is successively positioned on each fuel rod location
by means of two XY tables, the movements of which are electrically synchronized.
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Like STAR, the fuel rod gripper is fully automated, and the main parameters
(extraction/insertion forces, speeds, altitudes and gripper status) are monitored. In addition, due to the
larger work distance (10 m underwater) required by this process, the XY tables are also computer
controlled, so that no manual operation is needed during the rod transfer. In this way, maximum
efficiency and safety can be preserved.

Presently, this new tool is undergoing qualification tests, and its first use on a German plant
(UNTERWESER) is scheduled for the beginning of 1998. Photograph 4 below gives an overview of
this new transfer tool.

FUEL ASSEMBLY RECONSTITOTION: GENERAL ARRANGEMENT

Upper XY table
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(Failed rods or

replacement rods)
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with
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with damaged
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FA storage racks

FIG. 3. 16x16 and 18x18 fuel assembly reconstitution
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PHOTOGRAPH 4. 16x16 and 18x18 fuel rod transfer tool

5. CONCLUSION

FRAMATOME has built up extensive experience in the replacement of fuel rods and
skeletons on irradiated fuel assemblies.

Since 1985, about 110 campaigns have been run, involving the repair of fuel assemblies with
more than 400 fuel rod replacements and 60 skeleton replacements.

Moreover, to increase experience feedback, FRAMATOME takes advantage of repair
equipment to pull specific demo fuel rods for on site or in hot cell examination (60 R & D
campaigns).

Thanks to these sets of equipment, FRAGEMA has the means to both provide repair services
to its customers and to accumulate experience feedback experience on its fuel assembly designs.

69


