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Abstract

The amount of time required to complete many nuclear fuel service activities can be cut significantly through
the use of innovative procedures and equipment. In addition to other benefits, these new approaches lower the
radiation exposure of service and plant personnel. These new procedures and hardware can be integrated into the
power plant processes and equipment to more effectively complete the required service activities.

1. MAST SIPPING: LEAK TESTING DURING CORE UNLOADING

Siemens has developed a mast sipping technique to identify leaking fuel assemblies. Whereas
the sipping test has normally been performed to date in a sipping box located in the fuel pool
following removal of the fuel assemblies from the reactor, today the same test can be performed as
the fuel assemblies are being removed. This new method can save time and permits the condition of a
fuel assembly to be identified at the earliest possible point in time. It has been used successfully in
two plants in Germany.

1.1. Procedure

The mast sipping procedure makes use of the reduction in pressure which occurs when fuel
assemblies are lifted out of the reactor pressure vessel, the resulting pressure differential allowing
water-soluble or gaseous fission products to be released from defective fuel rods. The basic operating
principle is illustrated in Figure 1. The lines used for sampling are either temporarily or permanently
attached to the refueling machine mast while the control cabinet for the sipping system (Fig. 2) is
portable.

When a fuel assembly has reached its highest position during removal by the refueling
machine, water is extracted from the refueling machine mast in the vicinity of the fuel assembly and
analyzed for the presence of fission products. Gaseous fission products (xenon and krypton) are
separated from the water, dried and routed to a scintillation detector, while the noble gas activity
leaving the mast is continuously monitored. The measured data are analyzed immediately after
sampling. A water sample is also taken which can be analyzed in a radiochemical laboratory to
provide a reference measurement, if necessary. Figure 3 shows the procedure for a mast sipping test.

1.2. Evaluation

The data obtained from the sample measurements are immediately evaluated. The results are
displayed on-screen and the data stored in a text file. Figure 4 shows the mast sipping test results of a
qualification campaign.

2. MULTI-INSPECTION ENABLES PARALLEL WORK IN THE FUEL POOL

The MULTI-INSPECTION system was developed by Siemens to minimize the time and
expense during visual inspections of fuel assemblies and control rod assemblies required during the
course of a refueling outage. In the past, these components were held in the refueling machine for the
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1 Water sample suction line
2 Demineralized water supply
3 Compressed air supply

4 Air exhaust system
5 Sample conditioning system
6 Water sample extraction
7 Gas sample extraction
8 Gas detector
9 Sample evaluation system

10 Printer for measurement results

11 Mast of refueling machine
12 Fuel assembly
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FIG. 1. Schematic diagram of mast sipping system FIG. 2. Control cabinet for mast sipping
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duration of the inspection, and inspected using a temporarily installed system. With the new system,
the components are placed in receptacles located in the spent fuel pool so that the refueling machine
is only required for a short time to position components. While the inspections are being conducted,
the refueling machine can be used to insert and remove fuel assemblies, to perform a mast sipping test
or to shuffle control assemblies and flow restrictors.

This cuts the time required for refueling activities by as much as three to four days, as was
confirmed during several refueling outages at the Gosgen PWR plant in Switzerland, and at
Grafenrheinfeld and Philippsburg in Germany.

The MULTIINSPECTION system (see Fig. 5) installed at the Gosgen and Philippsburg plants
consists of an inspection manipulator, a control cabinet and two fuel assembly holding boxes (see Fig.
6). Each box is freely accessible from one side, and is open for visual inspection. The fuel assemblies
or control assemblies placed into the boxes can be individually rotated to allow inspection from all
sides. The compact, portable control cabinet is used to control the overall system from the edge of the
fuel pool.

The inspection manipulator is fitted with one or two underwater video cameras which are
mounted on a coordinate-controlled traveling table which in turn is mounted on a mast-guided
carriage. This arrangement allows the cameras to traverse the entire length of the fuel assembly,
including the top and bottom end pieces. The carriage can also be raised to the top edge of the pool,
where the cameras can be removed and replaced above the surface of the water.

The inspection manipulator can be used for the wide variety of applications by simply
attaching the appropriate equipment modules. For example, the system permits optical measurement
of bowing and dimensional changes. In addition of the time-saving semi-automatic measurement of
the oxide layer thickness on peripheral rods, the same measurements can be made on all interior fuel
rods at any height using the INOXIS system.

The MULTIINSPECTION system is available in several different versions, so it is designed
as a single inspection position for Grafenrheinfeld. In this case the new fuel elevator was redesigned
to take up the fuel assembly or other core components to be inspected (see Fig.7). The fundamental
principle of operation, however, remains the same.

3. AUTOMATIC FUEL ROD TESTING AND MANIPULATION EQUIPMENT FOR
RECONSTITUTION

All nuclear power plants built by Siemens and some of those supplied by other vendors are
provided with standard reconstitution equipment which is used to detect and replace defective fuel
rods and to withdraw individual fuel rods for detailed examination. One set of transportable
reconstitution equipment is available for use in all other pressurized water reactors for the same tasks.

Siemens has supplemented its reconstitution equipment with a fully automatic system. This
equipment is a new design concept capable of high-speed fuel rod transfer from a damaged skeleton
into an intact one, sometimes referred to as "reconstruction".

The new concept of the fuel assembly repair process is directed towards carrying out all
repair work steps at the fuel storage rack elevation. This equipment can be used for assemblies with
removable upper or lower end fittings, depending on the design of the assembly. The tilting device,
which is part of the standard equipment, is used for inverting the assemblies for access to the lower
end fitting. A baseplate covering three rack positions equipped with pedestals is placed on top of the
storage rack. Figure 8 depicts an arrangement in a German nuclear power plant.

19



FIG. 5. Multiinspection at Gosgen
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FIG. 9. Coordinate-controlled carriage for fuel rod exchange device guidance
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3.1. Main new features of the reconstitution equipment for skeleton change

Our fuel rod exchange device with its pneumatically actuated fuel rod gripper provides fully
automatic fuel rod handling. The computer-controlled drive system which raises and lowers the fuel
rod follows a velocity/travel program. A sensor unit for monitoring the forces during withdrawal and
insertion of fuel rods has been directly integrated in the draw bar of the fuel rod exchange device. The
device halts the insertion process and automatically starts to retract the fuel rod if the thrust increases
above a predetermined value which is dependent on the fuel assembly design.

The coordinate-controlled carriage moves the fuel rod exchange device to the position of the
desired fuel rod location and is a particularly useful tool for fast and fully automated transfer of all
fuel rods from a damaged assembly into an intact skeleton. A considerable amount of time is saved in
comparison with earlier techniques. For example, it now takes only about 21 to 24 hours to complete
fuel rod transfer between two PWR fuel assemblies depending on the type involved (15x15 or 16x16).
The computer which controls and monitors the transfer operation also records process stages and
important measurements such as friction force during rod insertion and eddy current testing at the
same time.

3.2. Coordinate-controlled carriage for individual fuel assembly reconstitution

Siemens also uses an automatic coordinate-controlled carriage to test rod by rod without
transferring fuel rods to new fuel skeletons. This new device can be integrated into the existing
reconstitution equipment of a power plant. It allows fully automated testing of the integrity of the
cladding tubes of all fuel rods in a fuel assembly in the relatively short space of time of less than 10
hours. This is equivalent to three service personnel shifts per fuel assembly less than needed with
earlier inspection methods.

Fig. 9 shows the coordinate-controlled carriage placed onto a fuel assembly, while Fig. 10
shows the upper part of the fuel rod exchange device with an x-y carriage placed on the rail of a
refueling bridge.

3.3. Process control of fuel rod movements

The fuel rod movements of all coordinate-controlled carriages are controlled by four units:
The first unit controls the positioning system which is used to place the fuel rod exchange device
vertically on an arbitrary fuel rod position in one of the three assembly positions.

The second unit controls the fuel rod exchange device, i.e. the automatic rod gripping process,
rod withdrawal with maximum speed, rod re-insertion with limited force and varying speed, and
release of the re-inserted fuel rod.

Unit three comprising a multi-channel A/D converter is used to digitize eddy-current and
spring force measuring signals supplied by instruments of the fuel rod exchange device and triggered
by the fuel rod upward or downward movement.

The host computer as the fourth unit coordinates the tasks performed by the above mentioned
units.
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4. ADVANTAGES OF NEW INSPECTION TECHNIQUES

The mast sipping technology to identify leaking fuel assemblies allows detection during
removal of the fuel assemblies from the reactor. This provides earlier information on the condition of
fuel assemblies which are scheduled for further operation. The time advantages of 60 hours can be
used for changing the core design or carrying out preparations to reconstitute a defective fuel
assembly.

Inspections carried out with MULTIINSPECTION allows parallel work with the fuel
handling system while the inspections are being conducted. Inspections can be started during
unloading of the fuel assemblies from the reactor and during change-outs of control rod assemblies
and flow restrictors. This provides time savings up to four days during the shutdown period of a
reactor.

The automatic reconstitution equipment based on coordinate-controlled carriages
combined with our fuel rod exchange device allows rapid fuel rod transfer between a damaged fuel
assembly to a new skeleton or a fast test rod by rod of a defective fuel assembly.

The following table provides an overview.

Work conducted

Skeleton change 15x15

Skeleton change 16x16

EC test on all fuel rods
(type 16x16)

Time required Time required
with earlier methods

21 h

24 h

<10h

50 h

60 h

40 h
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