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Summary:

CANDU® reactors are fuelled on a somewhat continuous basis while on-power. This fuelling
capability is mainly performed by two remotely operated fuelling machines. CANDU®1 6 fuelling
machines are part of the fuel handling and storage system, which is divided into three main sub-
systems. New fuel transfer and storage involves the receipt, handling and storage of palletized
crates of unirradiated, or new, fuel, the inspection and handling of individual new fuel bundles
and the transfer of this fuel into a fuelling machine via a new fuel port. Fuel changing involves a
pair of fuelling machines transporting new fuel from a new fuel port to the reactor face, loading
and unloading fuel from a reactor fuel channel and transporting discharged irradiated fuel from
the reactor face to a spent fuel port. Spent fuel transfer and storage involves the discharge of
irradiated fuel from a fuelling machine and the transfer and storage of this irradiated fuel in
water-filled bays until the fuel is transferred to dry storage.
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storage equipment may vary in appearance.

Figure 1 Fuel handling and storage system
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Figure 2 Fuel handling and storage sequence
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3 New Fuel Transfer and Storage

3.1 System Description
The new fuel transfer and storage system covers the structures and equipment involved in
receiving, handling and storing palletized crates of new fuel, inspecting and handling individual
new fuel bundles and transferring these new fuel bundles into the fuelling machine.

New fuel transfer and storage equipment, shown on Figure 1, includes racks in the new fuel
storage room, a fork lift truck, crane lifting attachments, a pallet cart and new fuel transfer
equipment located in the new fuel loading room in the reactor building, just adjacent to the
reactor vault and in between the two fuelling machine maintenance locks. The new fuel
transfer equipment, shown on Figure 3, and located in the new fuel loading room, includes an
air balance hoist, jib crane, fuel bundle lifting tool and fuel spacer interlocking gauge for han-
dling and inspecting fuel bundles, and two new fuel transfer mechanisms for transferring fuel
bundles into a fuelling machine magazine. Each new fuel transfer mechanism, shown on Figure
4, includes a new fuel port, a loading trough and loading ram, an air lock valve, a magazine, a
shield plug, a transfer ram and drive and a magazine/port adapter. New fuel transfer auxiliaries
use instrument air to power the new fuel transfer equipment. They also connect the new fuel
transfer mechanism to the vapour recovery system and provide drainage for it. A local control
panel located on each new fuel transfer mechanism allows semi-automatic control of the
process for loading new fuel into the new fuel transfer mechanism magazine.

Up to 144 pallets each containing 36 fuel bundles can be stored on racks in the new fuel storage
room as part of the normal storage capacity, which accommodates more than eight months of
operation at equilibrium. Additional pallets of fuel can also be stored on the floor as part of the
abnormal storage capacity.

3.2 Component Description
Major new fuel transfer and storage components are as follows.

New Fuel Storage Room Racks

Racks are available in the new fuel storage room in the service building for storing palletized
crates of new fuel. Some of the racks are fixed while some of them are movable.

New Fuel Storage Room Lift Truck

A fork lift truck is available in the new fuel storage room to move the pallets of new fuel. It is
an electrically operated, stand-up rider type, and has a capacity of one fuel pallet. This fork lift
truck is also used to transport the pallets to the pick-up point for the service building crane
during transfer to the new fuel loading room in the reactor building.

Crane Lifting Attachment

Two fork lifting crane attachments are available; one located in the service building for use with
the service building crane, and one in the reactor building for use with the reactor building
crane. Two pallets can be lifted at one time with these attachments.
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Cart

A powered, pallet cart is available at the equipment airlock level to transfer up to two pallets at
a time between the service building and the reactor building through the equipment airlock.

Air Balance Hoist and Jib Crane

The air balance hoist is mounted on a jib crane. This crane is pivoted from the building wall
above the two new fuel transfer mechanisms and covers the area of the new fuel loading room
through which new fuel bundles have to be moved. The air balancing hoist is free to travel
along the length of the jib. It is air-powered and can be adjusted to balance the load from a
control on the operator’s handgrip.

Fuel Bundle Lifting Tool

The fuel bundle lifting tool is used with the air balance hoist to manually load fuel bundles into
the new fuel transfer mechanism loading trough. The bundle lifting tool is a manually operated
device which clamps around the end plates of the fuel bundles, through lifting adaptors. When
the bundle is suspended, it is clamped securely by the toggle action of the tool linkage. The
lifting adaptors are mounted on spherical bearings which allow the adaptors to align with the
bundle end plates and permit the bundle to be rotated for inspection. The air balancing hoist
used with the bundle lifting tool allows the operator to transfer the fuel bundles without
damage and with a minimum of effort.

Fuel Spacer Interlocking Gauge

The fuel spacer interlocking gauge is used for checking the diameter of each fuel bundle over
the central spacers before the bundles are loaded into the new fuel transfer mechanism maga-
zine. This gauge is used while the fuel bundle is supported on the fuel bundle lifting tool. This
gauge consists of two pivoted segments and a dial gauge having a shaded area which indicates
the go/no-go range. The dial gauge is used to verify that the bundle has not changed shape
during transit and that the pencil spacers have not interlocked. This is to verify that the bundle
diameter has not expanded and that it will pass through the fuel handling tubes and the reactor
channel without interference.

Loading Trough and Loading Ram

The loading trough and loading ram are provided for moving the new fuel into the magazine of
the new fuel transfer mechanism. Two fuel bundles are normally loaded into the trough, and
after the bundles are loaded, the lid is closed and the bundles pushed into the magazine by the
loading ram. The trough is provided with a hinged lid which is interlocked to prevent operation
of the ram unless the lid is closed. Limit switches are mounted in the trough and provide an
indication to the control system when a fuel bundle is placed in the trough. The loading ram is
in line with the top magazine station of the new fuel transfer mechanism. The ram is an oil/air
operated, double acting cylinder, supplied from the new fuel transfer auxiliaries. Oil pressure is
used to extend the ram to provide smooth ram operation and adequate lubrication.

Air Lock Valve

The air lock valve is pneumatically operated and is installed between the loading trough and the
new fuel transfer mechanism magazine, to seal off the magazine whenever fuel is not being
loaded into the magazine. This valve prevents the spread of contamination from the fuelling
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machine head, the maintenance lock or the fuelling machine vault, into the new fuel loading
room. Limit switches indicate when the valve is in the open and closed positions.

New Fuel Transfer Mechanism Magazine

The new fuel transfer mechanism magazine assembly consists of a leak-tight housing, a rotor,
and a drive unit. The magazine housing is a drum-like enclosure with a normally closed drain
connection to the active drainage system and a vent to the reactor building vapour recovery
system to remove any contamination through purging. The magazine rotor contains seven
tubular channels, six for accommodating the fuel bundle pairs and one for the new fuel transfer
mechanism shield plug.

New Fuel Transfer Mechanism Shield Plug

The shield plug, which is normally installed in the new fuel port except when new fuel is being
transferred to the fuelling machine, reduces radiation streaming into the new fuel loading room
when a fuelling machine containing irradiated fuel passes the end of the new fuel port in the
fuelling machine maintenance lock.

Transfer Ram and Drive

The function of the transfer ram is to remove and install the shield plug between the new fuel
port and the transfer mechanism magazine and to push the new fuel bundles from the new fuel
transfer mechanism magazine into the fuelling machine. The openings for the transfer ram on
the magazine front and rear covers are located at a bottom position, in line with the respective
magazine station. The ram head incorporates a latch assembly for engagement with the shield
plug. Ram position, for control of ram stopping and speed changing operation, is detected by a
shaft encoder mechanically connected to the chain drive sprocket shaft.

Magazine/Port Adapter

An adapter assembly is bolted to the new fuel transfer mechanism front cover, at a bottom
position in line with the respective magazine station and the fuel transfer ram. The adapter
connects the magazine to the new fuel port and consists of a spool piece with two dou-
ble-acting pneumatic cylinders. Its function is to hold the shield plug in position in the new fuel
port.

New Fuel Ports

The new fuel ports are mounted in embedments in the walls between the new fuel loading
room and the fuelling machine maintenance locks. Each port is a tubular connection with an
end fitting at one end extending into the fuelling machine maintenance lock and the other end
engaging with the fuel transfer mechanism port adaptor. When loading fuel into a fuelling
machine, the new fuel port becomes the passageway for bundle movement from the fuel
transfer mechanism to the fuelling machine.
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Figure 3 New fuel transfer equipment
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Figure 4 New fuel transfer mechanism



12

©UNENE, all rights reserved. For educational use only, no assumed liability. Fuel Handling and Storage – January 2017

3.3 System Operation
New fuel is received on pallets and stored on racks in the new fuel storage room in the service
building. When required, one or two pallets of new fuel are transferred to the new fuel loading
room in the reactor building.

1) One new fuel pallet is removed from the new fuel storage room and transferred to the
service building crane using the new fuel storage room lift truck. This is repeated for the
second pallet.

2) Then the two new fuel pallets are lifted from the crane hall floor elevation and set on the
floor of the equipment airlock using the main service building crane.

3) The two new fuel pallets are transported through the equipment airlock into the reactor
building with the new fuel pallet cart.

4) From the air lock floor elevation, the two pallets are then lifted using the reactor building
crane and set in the new fuel loading room.

Keeping the new fuel bundles on the new fuel pallet protects the new fuel from damage and
contamination during transportation from the fuel supplier, during storage at the station and
during transfer from storage to the new fuel loading room. The new fuel pallet has slots the
fork lift has to engage into prior to lifting and thereby eliminates the chance of dropping the
entire pallet.

The new fuel storage room is kept locked and access to fuel is restricted to people who have a
valid reason to access or handle fuel. Security procedures are to be followed and the key to the
new fuel storage room is controlled by the shift supervisor who authorizes all access to it. The
serial number of each fuel bundle is recorded prior to loading into the new fuel transfer
mechanism.

In the new fuel loading room, the new fuel pallet is opened and individual fuel bundles are
manually unwrapped. One fuel bundle at a time is then picked up and moved onto the inspec-
tion table via the bundle lifting tool which clamps around the end plates of the bundle and
which is attached to the air-balance hoist. The bundle size (the bundle diameter over the
centre bearing pads) is carefully inspected with the fuel spacer interlocking gauge to ensure
that it will pass smoothly through the fuel handling system. Each fuel bundle is checked to be
free of abnormalities, damage or foreign matter prior to loading into one of the two new fuel
transfer mechanisms. Experience from operating CANDU plants indicates that very few new
fuel bundles have been rejected because of damage.

The new fuel loading room is heavily shielded and the spread of contamination, from the
fuelling machine and the fuelling machine maintenance locks into the new fuel loading room, is
prevented by the air lock valve, the shield plug, by maintaining a negative pressure at all times
in the magazine of the new fuel transfer mechanism through a duct connected to the vapour
recovery system, and by draining into the active drainage system any liquid which may accumu-
late in the magazine. The shield plug is not removed from the new fuel port unless the air lock
valve is closed, and the air lock valve is not opened unless the shield plug is installed in the new
fuel port.
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New unirradiated fuel bundles, which are made up of natural uranium, have a very low level
radioactivity, and can be handled safely by personnel without protective clothing (Note: gloves
are normally worn).

Once the operator has manually placed two fuel bundles in the loading trough and closed the
trough lid, the fuel bundles are pushed into the new fuel transfer mechanism magazine by the
loading ram. The magazine is indexed, using the local control panel mounted on the new fuel
transfer mechanism. This process is repeated until the magazine contains the required number
of fuel bundles.

The transfer of fuel bundles from the new fuel transfer magazine to the fuelling machine
magazine is normally performed under complete computer control, using a series of steps.
Confirmation of the successful completion of each step, which is indicated by either a limit
switch or a shaft encoder, is required prior to starting the following step. Prior to beginning the
transfer sequence, the fuelling machine is clamped onto the new fuel port and its heavy water2

level is lowered to just below the snout.

To ensure that the system is ready to begin the sequence, the computer memory is checked to
confirm that the fuelling machine snout plug is stored in its magazine station and that the guide
sleeve has been installed in the snout. Feedback must indicate that all rams are retracted to
their home positions, that the air lock valve is closed, that there is new fuel in the new fuel
transfer mechanism magazine, and that the new fuel transfer mechanism magazine is not in
use. All conditions being satisfactory, the new fuel magazine is rotated to the shield plug
station, the ram is advanced to remove the shield plug from the port, and then retracted to
deposit the shield plug in the magazine for storage. The commands are then given to rotate the
fuelling machine magazine to an empty station and the new fuel magazine to a full station. The
new fuel transfer ram is then fully advanced to push two new bundles into the fuelling machine
magazine station. The rams are retracted to their respective home positions, the fuelling
machine and new fuel magazines are rotated to the next stations, and two more fuel bundles
are transferred. This process is repeated until the fuelling machine magazine contains the
required number of bundles. After completion of the fuel bundle transfer, the shield plug is
re-installed into the new fuel port and locked in place. The fuelling machine then removes the
guide sleeve from the new fuel port, installs its snout plug, raises its heavy water level and is
unclamped from the new fuel port in order to traverse to the reactor face.

Normal handling of new fuel in air or light water does not pose criticality problems for natural
uranium.

Note: New fuel bundles for the initial core are manually loaded into the fuel channels. Visual
inspections of these new fuel bundles are performed on a loading platform at the reac-
tor face.

2 Heavy water (D2O) has deuterium atoms instead of hydrogen atoms and is approximately 10% heavier than light
or regular water.
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4 Fuel Changing

4.1 System Description
Fuel changing, depicted in Figure 5, involves the structures, equipment and activities required
to transport new fuel from the new fuel port to the reactor, to load and unload fuel from the
fuel channel, and to transport the discharged fuel from the reactor to the spent fuel port. This
is mainly performed by two fuelling machine heads remotely operated from the Main Control
Room.

Each fuelling machine head is suspended on a carriage, which moves horizontally along bridge
rails in its respective fuelling machine vault and on tracks in its respective fuelling machine
maintenance lock. A bridge assembly, adjacent and parallel to each reactor face, provides for
vertical movement of the fuelling machine head and its carriage. Each bridge and carriage
assembly allows a fuelling machine to access all 380 reactor fuel channels at the respective
reactor face. The maintenance lock tracks align with the lowest bridge position to allow trans-
fer of the fuelling machine and carriage between the fuelling machine vault and the mainte-
nance lock.

The fuelling machine D2O system supplies the fuelling machines with heavy water to cool
irradiated fuel temporarily stored in the fuelling machines, operate associated fuelling machine
mechanisms and generate injection flow. The oil hydraulic system supplies the fuelling ma-
chines and carriages with oil to operate and lubricate associated mechanisms. The catenary
system conveys heavy water, hydraulic oil and electrical power and control signals to and from
the mobile fuelling machine heads and carriages.

The fuelling machine heads are normally stored in two maintenance locks, where they can lock
onto the new fuel ports to accept new fuel, onto the service ports for maintenance and re-
hearsal, or onto the spent fuel ports to discharge irradiated fuel.

Powered shielding doors separate the fuelling machine vault and the reactor from the mainte-
nance locks and, when closed, provide shielding that allows personnel access to the fuelling
machines in the maintenance locks while the reactor is operating.

The on-channel fuel changing operations are performed in the direction of coolant flow in the
channel. Each fuel channel contains 12 fuel bundles. Typically, eight new fuel bundles are
inserted at the upstream end of a fuel channel, and eight irradiated fuel bundles are removed
at the downstream end. Since the coolant in adjacent fuel channels flows in opposite direc-
tions, for reasons of reactor symmetry, each fuelling machine is an upstream machine (carrying
new fuel) and a downstream machine (carrying irradiated fuel) at different times.

4.2 Component Description

4.2.1 Fuelling Machine Head

The fuelling machine is a pressure vessel that comprises five major sub-assemblies, the snout,
the magazine, two separators and the ram, which are necessary for it to perform its required
functions. The fuelling machine head, shown on Figure 6, includes the fuelling machine
mounted and supported in a cradle assembly as well as the guide sleeve and tool, and the ram
adapter. The fuelling machine heads engage the end fittings at opposite ends of the same
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channel assembly for the purpose of fuel changing. The fuelling machine head contains heavy
water and is designed to form an extension of the heat transport system pressure boundary to
enable refuelling operations to be carried out with the reactor at full power.

Snout Assembly

The snout assembly, located at the front of the fuelling machine and shown in Figure 7, enables
the fuelling machine head to clamp onto any reactor fuel channel and to seal the connection at
high pressure and temperature. To achieve loading of new fuel bundles and the discharging of
irradiated fuel bundles from the fuelling machine, the snout assembly is capable of locking onto
the new fuel port and the spent fuel port. It is also capable of connecting to the service ports as
required.

The snout assembly includes the centre support, the clamping mechanism, the snout emer-
gency lock assembly, the head antenna and the snout probes. The clamping mechanism is
engaged by oil hydraulic pressure. The snout emergency lock, a passive safety lock, prevents
inadvertent removal of the snout assembly from an end fitting when the channel closure is not
installed. When the fuelling machine is not attached to a fuel channel or port, the snout is
sealed with a snout plug.

Magazine Assembly

The magazine assembly, as shown on Figure 7, includes a twelve-chamber rotor inside a pres-
sure-retaining housing assembly for storing fuel bundles, channel closures, shield plugs, a snout
plug, a ram adapter, a guide sleeve and tool, and a flow assist ram extension (FARE) tool.

It also includes a drive system, comprising an indexing mechanism driven by an oil-hydraulic
motor for turning the magazine rotor, and the magazine emergency drive, a manual drive
facility to rotate the magazine rotor if the oil hydraulic motor becomes disabled.

Ram Assembly

The ram assembly, shown in Figure 8, provides the necessary axial movements and forces
required for the transfer and discharge of the fuel bundles, or the installation and withdrawal of
various tools and plugs such as the guide sleeve, the channel closure plug, the shield plug, and
the snout plug. The ram assembly consists of a B ram, a latch ram and a C ram. These rams are
essentially concentric tube assemblies supported within a pressure-retaining ram housing.
Each ram has a different head assembly to perform the necessary plug or fuel changing opera-
tion. Both the B ram and the latch ram are driven by oil hydraulic motors through a gear
system and ball screws. The C ram acts as a multi-stage hydraulic cylinder and is powered by
the fuelling machine D2O system.

Separators

For each fuelling machine head there are two separator assemblies which perform identical
functions and operate in synchrony. They are mounted in penetrations through the magazine
front cover at points just forward of the magazine tubes and each assembly is oriented at 67.5°
from the vertical. The separators sense the gaps between two fuel bundles or between a fuel
bundle and ram adapter or FARE tool, provide a signal to the computer to stop the fuelling
machine ram at the correct position, restrain the axial motion of the fuel column due to hydrau-
lic forces from the fuel channel flow, push the bundles that have been separated from the fuel
column into the magazine to allow clearance for magazine rotation, and verify the presence of
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the shield plug and the FARE tool during the refuelling operations. High pressure heavy water
from the fuelling machine D2O system is used to operate the separators.

Ram Adapter

The ram adapter, shown in Figure 9, attaches to the C ram head to provide a flat face for
contacting the end plate of a fuel bundle and to centralize and support the C ram, which
minimizes sagging of the ram. The ram adapter consists of five parts: the body, the sleeve, the
stem, the inner spring and the outer spring. The ram adapter body provides the contact face
with the fuel. The face is machined to simulate the end face of a fuel bundle, so that the gap
between the ram adapter and the fuel is identical to the gap between two fuel bundles. The
body is also machined to allow adequate cooling flow. The stem is screwed into the bore of the
body and is contoured to connect with the C ram. The sleeve is spring-loaded by the concentric
inner and outer springs and locks the C ram to the stem.

Guide Sleeve and Tool

The channel closure seal face in each fuel channel end fitting forms a step in the fuel channel,
the bore of the channel being smaller than the bore of the end fitting. This discontinuity forms
an obstruction to the smooth passage of fuel bundles and shield plugs. The guide sleeve
provides a smooth bore for the passage of fuel bundles and shield plugs between the fuel
channel and the fuelling machine.

The guide sleeve is moved between the fuelling machine magazine and the fuelling machine
snout by the fuelling machine ram using a guide sleeve insertion tool. The guide sleeve and the
insertion tool are locked together except when the guide sleeve is in position in the snout and
end fitting. When not in use, they are stored together in the fuelling machine magazine and are
held in the magazine tube by a locating tube and spacer.

Snout Plug

The snout plug, shown in Figure 10, is used to seal the fuelling machine snout when the fuelling
machine is not attached to a fuel channel or port. It allows the interior of the fuelling machine
to be maintained full of water at a controlled temperature and pressure, to maintain cooling of
the irradiated fuel while in transit from the reactor fuel channel to the spent fuel port. The
fuelling machine snout plug is composed basically of two parts, the latching mechanism and the
seal assembly. The latching mechanism which makes up the rear half of the plug has four jaws
which are extended by a spider mechanism. These four jaws locate the plug in a groove in the
fuelling machine snout centre support. The front end of the snout plug is comprised of the seal
assembly, which is screwed onto the latch assembly. The seal assembly contains a large elas-
tomer O-ring seal and the associated mechanism required to expand and retract it.

4.2.2 Fuelling Machine Bridge and Carriage

Two fuelling machine bridge and carriage assemblies are provided, one at each reactor face. As
shown in Figure 5, each bridge spans the face of the reactor and supports a carriage assembly,
when the carriage is in the fuelling machine vault. The carriage assembly supports a fuelling
machine head. Each bridge moves vertically on two guide columns, to provide vertical motion
(y-motion) of the fuelling machine head. Carriage wheels ride on rails mounted on the bridge
(when in the fuelling machine vault) and on the maintenance lock tracks (when in the mainte-
nance lock) to provide horizontal motion (x-motion) of the fuelling machine. With the bridge in
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4.2.5 Oil Hydraulic System

Each of the two fuelling machines is operated by an individual oil hydraulic system. The oil
hydraulic system provides a continuous oil supply, at controlled conditions of flow, pressure
and temperature, to the mobile fuelling machine head and carriage, via a catenary system. This
oil supply is used to operate associated actuators on the fuelling machine head and carriage.

4.2.6 Fuelling Machine Head Accessories

Fuelling machine head accessories include the FARE tool, the pressure tube seal and latch
assembly and the fuel grapple system.

FARE Tool

The FARE tool provides a restrictive element in low flow fuel channels, which develops the
necessary coolant flow drag force to overcome the frictional resistance of the fuel bundles in
the channel, in order to push the fuel column downstream when the fuelling machine ram
cannot provide this force without entering the core. The FARE tool has an overall length of two
fuel bundles and is handled like a pair of fuel bundles. For simplicity, it can be considered as a
piston in a cylinder with a large amount of leakage.

The FARE tool is carried in the fuelling machine magazine and is pushed into the fuel channel in
the same manner as the fuel bundles after the last new fuel bundle is inserted in the fuel
channel.

After the irradiated fuel bundles are discharged from the fuel channel and the fuel string is
returned to its normal in-core position, the C ram attaches to the FARE tool for its removal and
return to the fuelling machine magazine.

Pressure Tube Seal and Latch Assembly

The pressure tube seal and latch assembly can be inserted into a fuel channel by the fuelling
machine so that it stops the channel flow, thus enabling ice-plugs to be formed in the channel
feeders by means of a freezing operation. This channel flow blockage is sometimes required to
allow inspection of the channel or other possible fuel handling recovery scenarios. It is only
used during reactor shut downs at low pressures. The pressure tube seal and latch assembly
consists of a seal assembly with a mechanism for radially expanding an O-ring to seal the bore
of the pressure tube and a latch assembly which is similar to a fuel channel shield plug.

Fuel Grapple System

The fuel grapple system enables the fuel channel to be defuelled from one end using a single
fuelling machine when the other fuelling machine is disabled or when a channel is to be defu-
elled. It includes a fuel grapple assembly, for latching onto a fuel bundle; grapple extensions,
which attach to the grapple assembly or other extensions for grappling fuel bundles beyond the
reach of the fuelling machine rams; a ram grapple adaptor, which allows the fuelling machine to
operate latches on the extensions; and a grapple reset tool for releasing irradiated fuel bundles
from the fuel grapple.

4.3 System Operation
To begin the fully automated fuel changing process, one of the two fuelling machines clamps
onto the new fuel port, its water level is lowered to just below the fuelling machine snout, its
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snout plug is removed, the guide sleeve is installed and the fuelling machine typically accepts
eight new fuel bundles from the new fuel port. The guide sleeve is removed, the snout plug
re-installed and the water level is raised. Fuel bundles are received and stored in pairs.

With the shielding doors open, both fuelling machines travel along the maintenance lock tracks
onto the fuelling machine bridges at each face of the reactor. The bridges are then raised and
the fuelling machines positioned on the bridge so that the fuelling machines are located at
opposite ends of the selected fuel channel. The fuelling machine with the new fuel is at the
upstream end while the other fuelling machine, which contains no fuel, is at the downstream
end of the same fuel channel.

Each fuelling machine then moves forward to home and lock onto the fuel channel end fitting
to form a secure and pressure-tight joint with the channel. Figure 12 depicts a typical
eight-bundle refuelling sequence.

The fuelling machines remove their snout plugs followed by the fuel channel closures. At this
point, the fuelling machines become part of the heat transport system pressure boundary. The
fuelling machine at the upstream end of the fuel channel removes the shield plug and typically
inserts eight new fuel bundles, two at a time, into the channel. The downstream fuelling
machine removes the shield plug and typically receives eight irradiated fuel bundles, two at a
time, into its magazine. The remaining twelve-bundle fuel string is then moved back to the
correct in-reactor position and the shield plugs and channel closures are re-installed in the fuel
channel. The fuelling machines re-install the snout plugs in their snouts, the channel closures
are checked for leaks and the fuelling machines are then retracted from the end fitting.

The fuelling machine containing irradiated fuel returns to the maintenance lock and discharges
the irradiated fuel through the spent fuel port.

An eight-bundle refuelling sequence, from the time that one fuelling machine clamps onto the
new fuel port to accept new fuel to the time that the other fuelling machine unclamps from the
spent fuel port after discharging irradiated fuel, as described above, typically takes approxi-
mately two hours. This includes approximately 30 minutes at the new fuel port, a little over 50
minutes at the reactor face and approximately 35 minutes at the spent fuel port.

Other fuelling schemes are also possible. For example, an alternate scheme is available for the
first refuelling visit to a fuel channel; it involves the fuelling machine at the upstream end of a
fuel channel inserting eight new fuel bundles as usual, and the fuelling machine at the down-
stream end of this fuel channel receiving ten irradiated fuel bundles and returning the first
bundle pair removed to the fuel channel. Although refuelling fewer than eight bundles at a time
is favourable with respect to improving fuel economy; it increases wear and tear on fuel han-
dling equipment, particularly on the fuelling machines. A fuelling machine can accommodate up
to eight fuel bundles when carrying a FARE tool, up to ten fuel bundles without a FARE tool, and
up to twelve fuel bundles when the reactor is shut down. Refuelling uneven numbers of fuel
bundles is expected to be limited to abnormal situations.

Bundle movement is controlled by the downstream fuelling machine, assisted by the coolant
flow inside the channel which moves the string of fuel bundles due to hydraulic drag.

The channel flow, however, varies depending on location. In the outer zone fuel channels
where the flow is lower, a FARE tool is used to provide sufficient hydraulic drag force to move
the fuel string under the reduced channel flow condition. The FARE tool is loaded at the end of
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Figure 5 Fuel changing equipment
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Figure 6 Fuelling machine head
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Figure 7 Front end of fuelling machine


