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Abstract: The aim of this study is to identify the fuel channel components based on which is made the installation into
calandria of CANDU 6 nuclear reactor. The CANDU 6 is a 740 MW pressure tube reactor designed by Atomic Energy of
Canada Limited (AECL) to provide safe and reliable nuclear power. The CANDU reactor design is based on the experience
derived from preceding CANDU reactors and virtually every design feature of the latest CANDU reactor by ensuring its
compliance with the latest Canadian nuclear regulations and the fundamental safety principles of the International Atomic
Energy Agency (IAEA) Safety Standards. The design of the CANDU fuel channel is accordingly the result of continuing
intensive engineering development of its major components. The fuel channel is designed to ensure a radiation exposure
protection of workers and public, during the reactor operation. The reactor assembly of the CANDU 6 nuclear reactor
consists of the horizontal, cylindrical, low-pressure calandria and the end-shield assembly. This enclosed assembly contains
the heavy water moderator, the 380 fuel channels assemblies and the reactivity mechanisms. The fuel channels are one of the
major distinguishing features of a CANDU reactor and their reliability is crucial to the performance of the reactor. Each fuel
channel consists of four major components: the pressure tube, the calandria tube, the annulus spacers and the end fittings.
Fuel bundles are enclosed in the fuel channels that pass through the calandria and the end-shield assembly. The fuel
channels are assembled and installed into the calandria vessel at the reactor site following installation of the calandria. The
fuel channel assembly is made according with the specific requirements of the tools and equipments, installation procedures
and the quality assurance program.

Keywords. Candu reactor, Zirconium alloy, calandria tube, fuel channel, pressure tube, fuel bundle, end fitting, annulus
spacer.

1. INTRODUCTION

The CANDU 6 is a 740 MW pressure tube reactor designed by Atomic Energy of Canada Limited (AECL) to
provide safe and reliable nuclear power.

The nuclear reactors are designed and manufactured with respect of the specific requirements of codes and
standards for the manufacture of components, equipment and systems required for the construction and operation
of CANDU nuclear power plant.

The requirements for CANDU reactor design must comply with the codes of Canada Standards Association
(CSA), Atomic Energy Control Board (AECB) of Canada and International Energy Agency (IAEA) which
specify the specific and regulatory requirements.

The fuel channels, in number of 380, pressure tubes made of zirconium-niobium alloy, located inside the
calandriatubes, chuck in the end fitting, are connected by the network pipes to the cooling system.

Each fuel channel consists of four major components: the pressure tube, the calandria tube, the annulus spacers
and the end fittings. Fuel bundles are enclosed in the fuel channels that pass through the calandria and the end-
shield assembly.

2. FUEL CHANNEL COMPONENTS
The CANDU reactor design is based on the experience derived from preceding CANDU reactors and virtually
every design feature of the latest CANDU reactor isidentical to, or is an evolutionary improvement of, an earlier

proven design.
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The CANDU 6 reactors are the following general features of the fuel channels:

- 380 fuel channels;

- pressure tube made of Zi 2,5% NB, diameter 103,4 mm, thickness 4,19 mm;

- calandriatube made of Zircaloy 2, diameter 129,0 mm, thickness 1,37 mm;

- annulus spacers made of Incon.X 750, coil diameter 4,83 mm, 4 pieces;

Thetime life of the fuel channel isfor 30 years at 80% of its capacity and 24 years for full capacity functioning.

2.1. General presentation

The fuel channels are one of the major distinguishing features of a CANDU reactor, and their reliability is
crucia to the performance of the reactor. The components of the fuel channel design are illustrated in Figure 1.
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Figure 1: Representation of a CANDU fuel channel

1. Channel closure; 2. Closure seal insert; 3. Feeder coupling; 4. Liner tube; 5. End fitting body; 6. Outboard
bearings; 7. Annulus spacer; 8. Fuel bundle; 9. Pressure tube; 10. Calandria tube; 11. Calandria tubesheet; 12.
Inboard bearings; 13. Shield plug; 14. Endshield shielding balls; 15. Endshield lattice tube; 16. Fuelling
tubesheet; 17. Channel annulus bellows; 18. Positioning assembly; 19. End fitting shielding sleeve; 20. Lattice
tube shielding sleeve; 21. End fitting inner ring seal; 22. Elastic safety lock for end fitting inner ring seal; 23.
Elastic safety lock for end fitting shielding sleeve; 24. Support ring for annulus bellows; 25. Annulus bellows
outer ring seal; 26. Elastic safety lock for Annulus bellows outer ring seal; 27. Feeder coupling attachment; 28.
Feeder gasket; 29. Rod positioning threaded part; 30. Rod positioning; 31. Right fastening piece for rod
positioning; 32. Counter nut locking; 33. Safety lock for counter nut; 34. Lock pin for rod positioning; 35. Left
fastening piece for rod positioning; 36. Crimping ring for calandria tube;

2.2. Calandriatube

A calandria tube surrounds each pressure tube. Calandria tubes have an internal diameter of about 129 mm and
span the calandria vessel between the two end shields. The calandriatubeisillustrated in Figure 2.
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Figure 2: Representation of the calandria tube
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These tubes provide access through the calandria for the pressure tube/end fitting assemblies. The calandria
tubes help to support the fuel channel pressure tubes by means of four spacers per channel, as is illustrated in
Figure 3.
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Figure 3: Representation of calandriatube with pressure tube, end fitting and fuel bundle

2.3. Pressuretube

The pressure tubes are the most important part of the fuel channel as they pass through the calandria and contain
the fuel bundles. They are zirconium aloy tubes (Zr-2.5% Nb) that are about 6 meters long, about 11 cm in
diameter and have awall thickness of about 4 mm.

The design of the pressure tube consists primarily of the determination of the length, the inside diameter and the
wall thickness of asimple thin-walled cylinder which isillustrated in Figure 4.
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Figure 4: Representation of pressure tube

One of the main requirements of the pressure tube design is to optimize wall thickness and to minimize neutron
absorption for radiation exposure protection of workers.

The product specification requires that the following tests and examinations also be carried out on each pressure
tube before it can be accepted: hydrostatic pressure test, chemical analysis, tensile testing and corrosion testing.

2.4. End fitting
The end fitting, manufactured from a modified AISlI 403 stainless steel, is an out of core extension of the

pressure tube that provides the connection for on power fuelling, the connection to the feeders coupling and the
connection with the pressure tube, which isillustrated in Figure 5.
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Figure 5: Representation of end fitting

The outboard end contains a removable closure plug and provides facilities on which a fuelling machine can
clamp and make a high pressure seal to allow on-power refuelling. Near the outer end of each end fittingisaside
port for connection of afeeder pipe connection.

The inboard end of each end fitting is connected to one end of a pressure tube by a rolled joint, which is
illustrated in Figure 6.

2.5. Annulus spacer

Each pressure tube is separated from a calandria tube by means of four spacers. These spacers are positioned so
that pressure tube sag will not allow the contact with the calandriatube. That isillustrated in Figure 7.
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Figure 7: Representation of annulus spacers positioning on pressure tube

The spacers are made by forming Inconel wire into aclose coiled helical spring, whichisillustrated in Figure 8.
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Figure 8: Representation of annulus spacer

The axial movement of the pressure tubes is allowed by a rolling motion of the annulus spacers, which resultsin
almost no wear on the pressure and calandria tubes where they contract the spacers.

2.6. Feeder coupling

The feeder pipe connection located on the side of each end fitting is necessary for cooling system connection.
The bolted feeder pipe connection has a metallic seal, asisillustrated in Figure 9.
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Figure 9: Representation of feeder coupling

Four bolts pass thorough a flange into holes tapped into the end fitting body to tighten this connection. The
flange holds a hub welded to each feeder pipe tightly against the metal seal ring.

2.7. Positioning assembly

Each fuel channel is located axially within the reactor by a positioning assembly which is connected to one end
shield, asisillustrated in Figure 10.
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Figure 10: Representation of position assembly

A second positioning assembly is installed at the other end of the fuel channel but it is not attached to the end
shield so axial motion resulting from thermal expansion, so that the pressure tube elongation to be permitted.
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2.8. Annulus bellows

The annulus bellows, which is illustrated in Figure 11, connects between an end fitting and the reactor end
shield, allows axial motion of the channels and also limits the torque imparted to the end fitting by the feeder
piping. Each end of the bellows is welded to an end ring. One end ring is attached to the lattice tube/calandria
tubesheet by welding and another is a shrink-fit onto the end fitting.
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Figure 11: Representation of annulus bellows

2.9. Channd closure plug

The channel closures, illustrated in Figure 12, are located in each end fitting of afuel channel to seal the primary
coolant and to permit on-power access to the fuel channel by the fuelling machines. he channel closures can be
remotely removed by afuelling machine.

Figure 12: Representation of channel closures

2.10. Shield plug

The shield plugs, which provide shielding where the fuel channels pass through the reactor end shield, are
latched into the end fitting, which is illustrated in Figure 13. They are also removed by the fuelling machine
before the refueling of a channel can occur.

Figlj'r:é' 13: Representation of shield plugs

3. CONCLUSIONS

The design and the configuration characteristics of the fuel channel from the CANDU nuclear reactor are
essentially in the design of device components. The fuel channel design has increased margins with extended
operating life and is considered a fundamental part in the CANDU system.

The install operations to a new fuel channel must comply with the described requirements from the specified
documents by AECL.

The current CANDU 6 reactors have a design life of 40 years at an average of 85% capacity. The pressure tube
design lifeis 25 years at the reactor's 85% capacity factor.
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The fuel channels from CANDU reactors, which use thin-walled zirconium alloy pressure tubes, represent a
specialized application of pressure vessel design.

The fuel channels have made a significant contribution to the very high capacity factors attained in CANDU
reactors since they allow on-power refueling.
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