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EXECUTIVE SUMMARY

INTRODUCTION

The Canadian designed CANDU (CANada Deuterium Uranium) nuclear reactor
is based on a heavy water moderated and coole ! reactor that currently operates on &
once-through natural uranium fuel cycle in a horizontal Fuel Channe!/Pressure Tube Core.
There is no need for enriched fuel in the CANDU system.

On-power fueling of CANDU reactors is a major contributor to the proven high
capacity factors achieved.

Further advantages of on-power fueling are:
a. optimized burnup of natural uranium and, therefore, lower fueling costs

b. fewer fission products in the primary heat transport system, by enabling early removal of
defected fue! bundies

¢. more flexibility to plan scheduled shutdown activities that do not have to include fueling
cperations

d. less excess reactivity available which minimizes the requirements for reactivity control
during operation,

On-power fueling of CANDU reactors originated with the 20 MW(e) Nuciear
Power Demonstration (NPD) reactor which entered service in 1962, It was recognized at an
ecarly stage tnat CANDU reactors, burning natura! uranium fuel with inherently low excess
reactivity margins, would be more economical to operate if they utilized on-power fueling. This
was further demonstrated with on-power fueling of the 200 MW(e) Douglas Point reactor in
1968. These early fuel handling systems formed the basis for design and development of
equipment used in the successful cotamercial units,

Commercial power plants have been built in single-unit and multi-unit stations.
Some of the multi-unit stations are equipped with dedicated fueling machines (F/Ms) for each
reactor unit, whereas others are equipped with a shared system.

Double-ended fueling requires the coordinated action of two F/Ms for fueling the
present commercial units. Fuel handling design of CANDU 3, that is presently under
development, was derived from present proven CANDU systems, but unlike the present
commercial units, single-ended fueling using one F/M and a hydraulic fuel pusher system is
incorporated. Improvements that have been developed in the past will be incorporated in the
CANDU 3 design. For example, electric motor drives will be used in lieu of il hydraulic motor
drives to elimunate oil leakage problems and the potential of a fire hazard.

There are variations in the method used to achieve the basic on-power fueling
capability. The different methods that have been successfully developed and incorporated in the
operating stations are discussed to provide an insight to on-power fueling.

For descriptive purposes, this report focuses on the CANDU 6 design. These are
single unit stations (620 1o 680 MWi(e)) licensed and operating at Gentilly, Quebec and Point
Lepreau, New Brunswick in Canada, and Wolsong, Korea and Embalse, Argentina.
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Figure ! shows the CANDU 6 reactor building cutaway.

Schematics of the CANDU 6 fue! handling sequence and the CANDU 6 F/Ms are
shown in Figures 2 and 3 respectively.

The subject matter covers CANDU specific fuel handling requirements, on-power
fueling history and F/M history, giving examples of actual case histories. This is followed by
fuel design, physics interface and safety analysis. The report concludes with a section on the
CANDU 3 design that is presently in an advanced stage of development.

CANDU SPECIFIC ON-POWER FUELING REQUIREMENTS

The purpose of the fuel handling system is to provide on-power fueling capability
at a rate sufficient to maintain continuous reactor operation at full power.

The fue! handling system and equipment are designed for enhanced reliability and
maintainability to facilitate maintenance between fueling operations and 1o minimize the
contribution to overall incapability of the station due to fuel handling equipment unavailability.
The access and maintainability are designed with the principle of reducing radiation exposure to
operators and maintainers following the ALARA principle. All equipment is designed to
withstand floor response spectra based on ground motion earthquake conditions appropriate o
the station site.

A series of Canadian Standards Association (CSA) standards has been produced
to provide uniform rules for the design, fabrication, examination and inspection of
pressure-retaining systems and components in CANDU nuclear power plants. These rules are
needed to complement those specified in the ASME Boiler and Pressure Vessel Code
Modification of the ASME rules, as well as additional rules, are required to address both
administrative systems and the design concepts, which are uniquely Canadian

During on-power fueling, the F/M head becomes an extension of the reactor tuel
channel end fitting and is subjected to the pressure in the primary heat transport system. The
F/M is designed as a reliable high integrity device. Portions of it are equivalent to static pressure
vessels and meet the requirements of the ASME Boiler and Pressure Vessels code, Section 11
Class 1.

Since the F/M must visit different reactor fuel channels, the fuel transfer port and
auxiliary ports, its support system must provide the required transport mobility, whereas the
requirements for ASME pressure vessel supports generally address static structural components.
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As an example, an elevating bridge and carmiage is commonly used to move a
F/M from one reactor channel to another for on-power fuzling. A mechanism such as a ball
screw and nut assembly is often used to produce bridge and carriage motion and to provide
support. Rules primarily cover the construction of these mechanisms and the control and
interlock requirements necessary to prevent over-stressing of the pressure boundary, or its
support, caused by inappropriate support mover.ent. Rules for a safety lock on each channel
closure to prevent it from being unintentionally released from & fuel channe! are covered as well
as a F/M safety lock to prevent uncoupling of th: F/M from the reactor fue! channel when the
channel closure is removed and the reactor is pressurized. Zlastomeric hoses, the failure of
which results in release of fluid, are also coverad. These are .'! designed to
CAN/CSA-N285.2-MB9, Requirements for Class 1C, 2C and 3C Pressure Retaining
Components and Supports in CANDU Nuclear Power Plants,

Additionally, the on-power fucling concept requires the F/M pressure boundary
and its support structure to be seismically qualified to the requirements of CAN3-N289.3,
Design Procedures for Seismic Qualification of CANDU Nuclear Power Plants.

DESCRIPTION OF CANDU 6 ON-POWER FUEL™.(

On-power fueling on CANDU reactors involves tue exchange of new fuel with
irradiated fuel by the fueling machine while the reactor is on power.

New fuel that is shipped in pallets is loaded manually into the new fuel loader
that transfers it rutomatically into the F/M. Irradiated tuel is discharged automaucally by the
fueling machine into the storage bay.

The reactor building containment is an envelope provided to enclose the nuclear
componeats of the reactor in order to prevent the release of radioactivity o the public in case of
reactor component failure,

The fuel transfer port penetrates the containment boundary and is equipped with
double valves in seties. When the F/M clamps onto the fuel transfer port during fuel discharge,
it becomes a part of the reactor building containment boundary.

When the F/Ms are connected to the reacior fuel channel end fittings during
fueling, they become exiensions of the primary heat transport system, when the channel ciosures
ars removed. Thus the F/M pressure boundary is designed in accordance with
CAN/CSA -NZB5.0 series and the ASME Pressure Vesse!l Code, Section III Class 1
requirements. While in transit from reactor to fuel transfer port, the F/M utilizes its own cooling
system.

The normal fueling rate for a CANDU 6 reactor is 112 bundles or 14 channels per
week under normal steady state fueling conditions. Fueling normally consists of charging and
discharging eight fuel bundles on each fuel channel visit.
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The CANDU 6 F/M head is a derivative of the Pickering machine and much of
the modular components are nearly identical. Hence, & common development program
embraces the two systems. Although the Bruce/Darlington F/Ms are different, there is
commonality in the basic technology. This also applies to the different fue! transfer and storage
systems that are tailored to meet the different statior layout and performance requirements.
CANDU 6 is a single unit station, whereas Pickeri-  ind Bruce/Darlington are multi-unit
stations.

In mature operating stations, reactor operation may be affected due to pressure
tube In-Service Inspection Programs. Such programs often require the use of some of the fuel
handling equipment.

FUELING MACHINE RECOVERY

In the event that a malfunctioning F/M is required to be recovered from the
reactor end fitting while ensuring the fuel remains cooled and maintenance personne! are not
exposed to radiation, provision is mace by built-in redundancy and manual drives that can be
driven with tools working through penetrations into the reactor vault shielding. Grapples are
used in & functioning F/M to defuel & channe! with the reactor shut down, working from one end
of the channe!l with the other F/M or special tooling, including removal of fuel from the disabled
F/M head. For F/M recovery, experience has shown that tooling can be built as required at the
time, rather than to have a number of tools on hand to meet postulated events.

For single-ended fueling as in CANDU 3, recovery of a malfunctioned F/M from
the reactor must be readily carried out where possible without grappling the fuel string and
bundles trapped in the channe! or F/M magazine, working from the outlet end of the fuel
channel. A more involved recovery scheme using special tooling is required to grapple fuel
from the inlet end of the fuel channel. This has been thoroughly inves:igated and the recovery
scenarios are {ully documented. To assist in achieving this aim, limited shielding that envelops
the F/M magazine housing is provided. Defueling will be possible using a special flask that can
be used from the other end of the fue!l channel.

This chapter provides detailed descriptions of these aspects of the CANDU fuel
handling system. Examples are given to show how significant malfunctions have been resolved
in the past. Subsequent to these occurrences, modifications have been incorporated into the F/M
to preclude recurrence. For e<ample, in one instance, the /M snout became stuck on the reactor
end fitting due to hydraulic lock-up in the actuating system when the temperature of the
hydraulic fluid increased. The return line was remotely severed to reduce back pressure and the
actuating pressure was increased to free the snout from the reactor. This was subsequently
rectified by a modification to the oil hydraulic system.

Other modifications that were carried ¢~ ter significant malfunction include
addition of an obstruction in the guide sleeve station in the F/M magazine rotor 1o prevent a fuel
bundle from entering this position, Difficulty would be encountered in pushing a fuel bundle
from the larger bore to the smaller bore because the guide sleeve station bore is larger than that
of fuel bundle stations.
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There are also aspects of fue!l detail design which require taking into account
phenomena unique to on-power fueling. These include loading from flowing fluid and F/M
imposed motion and power leve! changes due to fueling.

SAFETY ASSESSMENT OF FUEL HANDLING

Safety assessment of fue! handling events for CANDU reactors involves a review
of past fuel handling accidents, a probabilistic assessment of the frequency of various failure
modes, and deterministic analysis of postulated fuilures or misoperation of the fuel handling
system.

Besides accidents with some release of racioactivity, incidents occurred which
incapacitated the fue! handling system, without activity releases, resulting merely in economic
consequences. A detailed review of malfunctioning of CANDU fuel handling systems, whether
the events represented only economic or also safety concerns, and of the ensuing corrective
measures, is presented.

Wi:th an accumulated experience of about 250 years of CANDU reactor operation
witn on-power refueling by 1990, the assessment of fue! handling safety starts with a review of
past encounters, which had safety implications.

Some events occurred with fue! failures which resulied in some small activity
release within the containment building. In the early CANDU's some coolant hoses failed and
had to be redesigned. To prevent overheating of irradiated fue! in & F/M with impaired cooling,
the reactor operators learned to rotate the magazine, so that the fuel bundies can be cooled
alternately by the water remaining in the F/M. Also, it was possible to speed up the discharge of
fuel from a F/M with impaired coolant flow.

A accident in a multi-unit CANDU reactor involved a stuck irradiated fuel
elevator, where an air-cooled irradiated fuel bundle overheated and disintegrated. Spray cooling
was subsequentiy retrofitted to the elevator. In another incident in a multi-unit CANDU, a F/M
bridge moved alter a F/M was clamped on a fuel channel end fitting for refueling. The
displacement .aused some leakage of primary coolant. Improved interlocking in the computer
control system resolved this issue. In the early KANUPP reactor, an incident of shearing a fuel
bundle occurred within the F/M. Improved position sensors and magazine indexing locks will
preclude recurrence of a similar event,

Detailed fault tree analysis is performed of the F/M system to identify possible
modes of occurrence of undesired events and by probabilistic analysis the expected frequencies
of such events are assessed. This analysis depends on statistical data on component, system and
numan reliabiliry. Where such data is not sufficient from experience or development tests,
conservative assumptions are made. Unless the probabiiity of an accident is very low, the
possible consequences are evaluated by analytical simulations of the events, and when needed
supported by separate effect tests.

The deterministic analyses are performed on postulated event sequences with
possible release of radioactive fission products, from overheated and failed fuel or from primary
coolant with its inherent radioactivity.






P0L7570
TR
9100008

TTR-305 Page 9
Rev. 0

CANDU 3 SPECIFIC FEATURES

The CANDU 3 fuel handling system is based on proven CANDU technology
utilizing one F/M and a hydraulic fuel pusher system, upcated with improvements resulting from
on-going development and operating experience.

The CANDU 3 design is based on the following requirements:
a. single-ended fueling, one F/M and fuel transfer system
b. applied proven CANDU technology
¢. competitive capital and operating cost and implementation schedule.

Previous CANDLU plants carry out fueling by the coordinated operation of two
F/Ms, one acceptii g used fuel, the other inserting new fuel at opposite ends of a selected fuel
channel. CANDU 3 single-ended fueling permits fueling with an upstream hydraulic fuel pushe:
moving the fue! string to only one F/M, at the downstream end of the fuel channel. This results
directly in significant capital cost saving, higher reliability with less equipment and indirectly to
a smaller reactor building while retaining all the safety features of the CANDU 6 plant.

With double-ended fueling systems, he upstream F/M inserts new fue! bundles
ot the channel. In the central core high-flow channels, hydraulic drag on the fuel bundles is
sufficient to move the fuel string along the channel. In the outer, low-flow channels, a
flow-assist ram extension (FARE) tool, which is basically a {ree piston, is inseried by the
upstream F/M to create the required impedance to move the fue!l string towards the downstream
F/M which accepts the used fuel.

With CANDU 3 single-ended fueling, each upstream fuel channel end futing is
provided with a resident fuel pusher, which is basically a modified version of the FARE tool, to
create the impedance required to move the fuel string. The fuel channels have balanced flow
adjusted for equal enthalpy and all channels have a fuel pusher to provide the required
impedance to move the fuel string downstream. The outlet end fitting is provided with a shield
plug and a channe! closure operable by the F/M, as in the previous system, to perform on-power
fueling.

Magazine capacity is ananged to suit single-ended fug'ing, allowing the operation
to be carried out during a single visit to a fuel channel. Adaptation of the existing proven
CANDU F/M liead has been accomplished by incorporating modificaticas restricted mainly to
the magazine rotor capaci(v to handle the compiete fuel string, plus wp to eight new fuel bundles.

Single-endec fueling and the ¢juipment integral with the fueling operation, as
well as modifications based on proven CANDU reactors incorporated o expedite maintenance
and associated single-ended fueling operations ar- described.

With single-ended fuc'ing, the recovery scenarios will be based on experience
from existing CANDU systems. Adctional features have been incorporated on the CANDU 3
design to ensure that recovery capability will not be compromised.



FIGURE 1 CANDU 6 REACTOR BUILDING CUTAWAY




FIGURE 2 CANDU 6 FUEL HANDLING SEQUENCE
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2.2 FUEL BUNDLES

Fuel is fabricated f om uranium oxide that is sintered into pellets that are sealed
inside zircaloy tubes. Generally, »7 of these elements are grouped together to make up a fuel
bundle that is 102 mm (4.02 in.) diameter and 495 mm (19.5 in.) long (Figure 1-4). These
elements are held together by end plaies. Small pads maintain correct inter-element spacings
and bearing pads that support the fuel bundle assembly in the fuel channel are brazed to the
elements.

The fuel handling system is designed to limit axial compressive loads on
irradiated fue! bundles during normal operation to 18 kN (80 kip). Radial loads are limited to
velues equal to the normal weight of the fuel bundles.

New CANDU fuel bundles can be handled by personnel without protective
shielding. Once the fuel bundles have been irradiated, handling must be camied out remotely
with automated machines or with adequate shielding, 1f handled with manually operated tools,
In addition 1o natural uranium (NU), slightly enrich.ad uranium (SEU), recovered enriched
uranium (REL) and mixed oxide (MOX) fuels have been considered. The criticality aspect of
new fuel bundles other than NU must be considered. The fuel burn up increases for SEU fuel,
compared to NU fuel. As a result, the SEU fueled reactor would consume fuel bundles at one
third of the rate of the NU fueled reactor. Provided the bundle geometry is consistent, the F/M
. will be able to handle all of the ditferent fuel buriclles.

23 FUEL CHANNEL HARDWARE

The commercial CANDU-PHWRs use horizontal fuel channels arranged in a
square lattice grid.

Each fuel channel comprises a zircaloy pressure tube that houses the fuel bundles
in the reactor. The pressure tubes are provided with stainless steel end fitting extensions at each
end (Figure 1-5). These tubes are mechanically connected using rolled joints. Within the end
fittings at the inboard end, removable shield plugs (Figure 1-6) are provided. The ends of the
fue! channels are provided with removable channe! ¢closures (Figures 1-7 and 1-8).

The fuel bundles in the fuel channel are not mechanically attached and are held
together by the coolant flow hydraulic drag forces. In the Pickering/CANDU 6 design, there are
twelve fuel bundles in each fuel channel and the fuel string rests against the downstream shield
plug.

In the Bruce/Darlingtor: design, there are 13 fuel bundles in each fuel channel and
the fuel column is held by the fuel latch incorporated at the downstream end, located
approximately one-half bundle length outboard of the calandria. Due to practical reasons, it is
not possible to provide a mechanical fuel latch in the zircaloy pressure tube, precisely &t the
boundary of the calandria.

ﬂm
iR
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3. SYSTEM DESCRIPTION

31 PROCESS DESCRIPTION

The function of the fuel handling system is to provide on-power, bi-directional
fueling capability at a rate sufficient to maintain continuous reactor operation at full power.

The fuel handling system is generally made up of one or more F/M heads, F/M
head supports and associated supporting tracks, new fuel loading, irradiated fuel unloading and
F/M calibration facilities, irradiated fuel trunsfer system, plus all associated auxiliaries, power
supplies and control systems.

The fue! handling system can be divided into three interrelated systems: new fuel
transfer, fuel changing, and irradiated fuel transfer. Figure 1-9 shows the typical movement of
fuel, from the new fue!l storage area through the reactor to the irradiated fuel storage bay.

The new fuel arrives at the site in pallets. Up to a nine-month supply is stored in
the service building new fuel storage area. When required by station operation, the pallets are
transferred to the new fuel Inading area. There, the fue! bundles are uncrated, inspected and
loaded into a F/M via the new fuel port and transfer mechanism. Once loaded with new fuel, the
F/M traveises to the reactor face and connects to any one of the fuel channels. A second empty
F/M connects to the same fuel channel at the other end of the reactor. Automatic fuel changing
operations then commence, with new fuel bundles being loaded at one end while the equivalent
number of irradiated fuel bundles is received ' . the other F/M. Bundle movement is controlied
by the two F/Ms, but assisted by the coolant flow inzide the channel. As the flow in each
alternate channel is reversed for reasons of reactor symmetry, the F/M must be capable of
operating bi-directionally, that is, the upstream F/M can perform the functions of the
downstream machine and vice versa.

In a typical eight bundle fueling sequence for the Pickering/CANDU 6 design, as
shown in Figure 1-10, the following fuel movements inside the fuel channe! can be identified:

- Eight new bundles are inserted, two bundies at a time, from the upstream end.

- The whole 20 bundle fuel column (twelve old bundles plus eight new bundles) is moved
towards the downstream end.

~ Eight old bundles are discharged, two at a time, from the downstream end.

- The remaining tweive bundle fuel column is moved back against the coolant flow to the
correct in-reactor position,

On completion of the fuel changing operation, the downsiream F/M traverses to
the irradiated fuel port and discharges the irradiated fuel bundles to the storage bay via the
irradiated fuel port elevator and conveyor. Here, the irradiated fuel bundles are placed in storage
trays.

Once the F/M has discharged the irradiated fuel, it goes to the new fuel port 1o
pick up new fuel bundles, and traverses back to the reactor face to become the upstream F/M for
the next channel to be fueled. The other F/M, having remained on the reactor face, will also
home onto the next channe!l and now performs the functions required at the downstream side.
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Articulated TV cameras, one in each F'M vault anc one at the irradiated fuel
discharge bay are provided to permit monitoring of critical equipment during breakdown
conditions.

3.2 CONTROL SYSTEM

Automatic control by means of computer is normally employed on the F/M and
its transport system. The sequences and logic of operation are designed to maintain fuel
integrity, and personnel and equipment protection during all phases of the fuel handling

operation.

The control system is designed to ensure that fuel integrity is maintained by
ensuring th * the applied forces on the fuel bundles do not exceed the imiting values.

Adequate cooling of the fuel bundles is maintained throughout the handling
operation. When an irradiated fuel bundle is exposed to air during a part of the handling
sequence, provision is made to ensure that this intervai is within controlied limits, The cooling
system is coniinuously monitored so that the necessary feedback is provided for the operation
signal to the spray cooling system when required. In the event of an incident, back-up provision
such as spray cooling or {looding can be initated within 12 minutes or four minutes,
respectively. Past experience has shown that the actual time that irradiated fuel can be exposed
in air is significantly longer than the aforementioned times for CANDU 6. Where bundle power
is less, as in CANDU 3, the permissible exposure time will be greater.

The contro: system and a mechanical snout lock directly connected to the channel
hydraul.c oressure ensures that when the F/M head is attached to the fuel channel end fitting, it
mainta.” . & leak tight joint and that accidental unciamping of the snout does not occur.

Throughout the fuel movement, a sequence of logic permissives is developed in
conjunction with position monitoring and ‘eedback. Interlocks are provided to prevent
undesirable operations that may cause damage to fuel bundles or the equipment if done in the
incorrect seguence.

Utilization of an automatic computer control with the inherent permissive logic
ensures a safety feature that greatly reduces operator error.

Redundancy is built into the system for critical sensing and feedback devices.
The contro! system components are also selected to ensure that they withstand radiation,
temperature, humidity and other environmental conditions.

In the event that the automatic mode is impaired, more reliance is placed on the
operator to interpret the information feedback and to decide upon the corrective action,

Some manual emergency drive provisions are provided on the F/M to back up the
operator when an actuator prime mover fails, so that the corrective action can be taken with
specicl tooli~ g that can reach che drives, working through the reactor vault shielding.

Equipment for the fuel transfer system is enclosed in shielded rooms or immersed
in water and the control actuators are generally placed in accessible areas that allow easy
maintenance.
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the primary heat tansport system. The pressure boundary of the F/M is therefore designed t
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3.9 MANUFACTURING AND QUALITY ASSURANCH

The CANDU F/M head and related equipment are designed so tt at they can be
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4. NEW FUEL STORAGE AND HANDLING

New fuel is received in the central storage room that is located in the service
building. This room accommodates the normal station inventory and emporarily stores the fuel
for the initial reactor core load.

When required, new fuel pallets are transferred to the new fuel loading area.
Here, the bundles are identified and are loaded manually into the magazines of new fuel loaders.
Ports from the loaders penetrate into the reactor vault where they are terminated by end fittings,
similar to those on the reactor fuel channels.

Interlocked valves are provided at each end of the ports to prevent tritium from

the F/M entering into the new fuel loading nrea, and to maintain the required containment
integrity and atmospheric separation within the reactor building
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- 3 FUEL CHANGING

5.1 GENERAL

The on-power fuel changing equipment consists of two identical F/Ms at each end
of the reactor, suspended on a carriage from tracks on a bridge or a trolley that extends the full
length of the shielded reactor vault. Vertical and horizontal traverse of the F/M is provided to
allow access to all the fuel channel end fittings. Powered shielding doors separate the reactor
vault from the maintenance lock and, when closed, allow access 1o the F/M in the maintenance
lock while the reactor is operating.

While in the maintenance lock, the F/Ms also have access to the new fuel ports to
receive new fuel, to the service ports for calibration or service, 2r to the rehearsal facility.

Fueling operations are performed with the equip:inent under remote automatic
computer control. The shielding doors are opened and the two F/Ms travel along the tracks at
each face of the reactor and are positioned on each end of the selected fuel channel.

Both F/Ms move forward to home and lock onto the fuel channel. After a leak
test on the clamp seal, each F/M, which is filled with heavy water, is then pressurized to match
the heat transport sysiem pressure conditions. The temperature of the heavy water in the F/M is
maintained at a lower temperature than that in the fuel channel and a steady inflow into the fuel
channel is maintained to thermally isolate the F/M from the higher temperature of the heat
transport system. The F/Ms remove the channel closures and store them in the F/M magazines.
Guide sleeves are installed and the shield plugs are then removed from the fuel channel and new
fuel is inserted at one end while irradiated fuel is discharged from the other end of the fuel
channel.

Two fuel bundles can be inserted from each magazine position containing new
fuel in the F/M head. Four 10 eight new fuel bundles are generally inserted on each visit, thus
replacing four to eight of the fuel bundles in the fuel channel. Either F/M can load or accept
fuel, depending on the direction of flow in the particular fuel channel being serviced

When the required number of fue! bundles has been inserted, the shield plugs and
channe! closures are replaced and the closures are leak tested by the F/M. The two F/Ms then
traverse to the irradiated fuel ports where irradiated fuel is discharged.

With four bundle shift fueling, the F/M can fuel one channe! and then fuel a
second one, before returning to the irradiated fuel ports. For a CANDU 6 reactor, fueling is
required on about fourteen fuel channels per week, with eight fuel bundles being discharged at
each visit 1o the reactor. The fueling frequency varies propotsdonately with the size of the
reactor. Table 1-1 gives typical fueling rates for different reactors.

There are two distinct fuel channe!l designs and fuel changing processes. The fuel
bundles are separated by fuel separators built into the F/M in one design, and by integral fuel
latches in the fue! channel by the other. Table 1-II shows the two different processes adopted by
the different designs.
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5.2 FUEL LATCH METHOD

The fue! latch method was originated with NPD and adopted in Bruce/Darlington.
The characteristic features of this design are:

- The fuel channe!l contains 13 fuel bundles.

~  Fue! latches that are located at the downstream end of each fuel channel restrain the fuel
column against the hydraulic drag of the coolant flow.

- Channel! closures and shield plugs incorporate a breech-type locking feature that requires
rotary actuation. Correct radial orientation is mandatory.

- Movement of fuel bundles in pairs between the F/M and the fuel channel is carried out in
fuel carriers.

- The fuel channel end fitting bore is larger than that of the fuel bundle 10 accommodate the
fuel carrier.

- Fueling is carried out against the coolant flow. When the fuel bundle is discharged from the
fuel carrier into the pressure tube, it passes through the spring-loaded fuel latch which is
incorporated in the end fitting liner tube, to prevent reverse motion,

The fueling sequence for Bruce/Darlington is depicted in Figure 1-13

53 FUEL SEPARATOR METHOD

The separator method that is adopted for the Pickering/CANDU' 6 design
originated with Douglas Point. The characteristic features of this design are:

«  The fuel channe! contains twelve fuel bundles, all located within the reactor core.

~ Shield plugs and channel closures feature radially extending jaws that are actuated by axial
motions. Radial oricatation is not important.

~ The fuel column is restrained by the downstream shield plug jaw mechanism,

- During fueling, a constant bore passage is provided between the pressure tube and F/M
magazine station.

- The fue! bundle position is sensed by the separator assemblies on the F/M that also restrain
the fuel column against hydraulic drag during fuel changing, separate fuel bundles and push
pairs of fuel bundles into the F/M magazine station.

- Fueling is carried out in the direction of flow.

In the high flow channels, there is sufficient flow to allow the fuel column to
move without assistance. Figure 1-9 depicts the fueling sequence. In the original Pickering
design, the F/M ram was used to push the fuel column in the outer low flow channels, during
fueling. However, this resulted in activation of the F/M run components that made it difficult to
service the F/M. Consequently, a free piston called the Flow Assist Ram Extension (FARE) tool
was developed to create the impedance necessary to move the fuel column.
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The bundle carrying capacities of the different F/M are shown in Table 1-111.
With the double-ended concept, the minimum number of fuel bundles that the F/M should carry
depends upon whether a four bundle or eight bundle shift is used. The increased capacity
beyond the minimum value allows the F/M to visit more than one fuel channel during a fueling
sequence. With CANDU 3 that features single-ended fueling, the minimum fuel bundle carrying
capacity is 16 for a twelve bundle channel and & four bundle shift, if fueling is 1o be carried out
in a single visit, since fuel shuffling is carried ou: in the F/M. A 20 bundle magazine was chosen
for CANDU 3, therefore two fuel channels can be visited by the F/M head for each visit to the
fuel transfer port with four bundle shift fueling.

543 Ram Assembly

In the Pickering/CANDU 6 design, the ram assembly is capable of three
independently coutrolled axial motions; two of the motions are provided by mechanical
actuation of ballscrews supported on anti-friction ball bearings in a water environment. The
third motion is supplied by & telescopic heavy water actuated hydraulic ram. The ballscrews are
driven by externally mounted oil hydraulic motors via shaft penetrations through the pressure

boundary.

In the Bruce/Darlington design, the ram is also capable of three independent
motions. Two of the motions are ballscrew driven axial motions, however, the third is a rotary
motion provided by a gear drive, all operating in a water environment. The ~=ntral gearbox that
is equipped with two ac electric induction motors provides the actuation.

544 Separators

Each of the Pickering/CANDU 6 F/M incorporate two separator assemblies. The
functions of this mechanism are:

a. :o0 sense the position of the fuel being fed into or being discharged from the reactor and to
provide a signal to the computer to stop the ram at the correct position

b. to insert a stop device between two adjacent fuel bundles or between the shield plug and the
fuel column, and to restrain the motion of the fuel column extending from the stop device
into the reactor

¢. to push the buncles that have been separated from the fuel column into the magazine to
allow clearance for magazine rotation

d. to verify the presence of shield plug and FARE tool as they pass under the separators a!
various steps during the fueling operation.

The two separator assemblies perform identical functions and operate in
synchronism. They penetrate through the magazine end cover at a point just forward of the ‘
magazine tubes.
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In the Bruce/Darlington design, fuel latches are incorporated at the downstream
end of each fuel channe! pressure tube to carry out a similar function. However. in order to
sense the position of the fuel column as a pair of fuel bundles is inserted into the upstream fuel
carrier, the upstream F/M ram ballscrew must backwind in reaction to the insertion motion of the
downstream F/M ram ballscrew, indicating that the fuel bundles have fully entered the upstream
fuel carrier to provide the removal permissive. At the downstream end, the fue! column will rest
against the fuel latches to resist the hydraulic drag of the coolant flow. The empty downstream
fuel carrier can then be retracted into the F/M magazine.

5.5 DEVELOPMENT PROGRAMS

The F/M head is the key component of the fuel handling system and its reliability
has direct impact on performance.

Development programs are carried out on a continuing basis to improve
equipment life and reliability.

The development of water lubricated components such as ballscrews, anti-friction
ball beings and shaft seals hive now advaiced to a stage whereby reliable operation is assured.
Work is still continuing to increase life expectancy. This involves studies on the wear and
frictional characteristics of mating surfaces in a water environment.
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6. FUELING MACHINE HEAD TRANSPORT

A number of different methods have been used for F/M transport, The F/M must
be able to traverse the whole reactor face so that access to all fuel channels is possible. The F/M
must also be capable of visiting the new fue! port, irradiated fuel port and service port.

On NPD, the F/Ms were suspended from the top, outside the reactor vault by
vertical hydraulic telescopic booms.

The Douglas Point and Kanupp designs incorporated a floor mounted trolley that
ran on rails that were mounted in front of the reactor face for horizontal motion. Vertical motion
was achieved by a bullscrew driven suspension that was supported between columns on the
trolley.

For the larger commercial units, the F/M carriage 1s mounted on a bridge the
moves vertically and is supported on columns that are equipped with ballscrew drives.
Horizontal traverse is achieved by the motion of the cariiage along rails that are provide’
bridge (Figures 1-11, 1-12 and 11-7).

The CANDL 3 design, being smaller than the existing commercial units, has
reverted 1o the use of a trolley that runs on floor mounted rails and is provided with a restraint at
the top to resist seismic loads.

Generally, a floor mountud trolley is used for small reactors, and a bridge and
column arrangement for larger units.

Heavy water, electric power and control signals are supplied to the F/M thre "4 a
flexible catenary of hoses and cables which connects the mobile F/M to the station auxiliar)
systems.

The F/M is secured to the carriage through a suspension. The suspension is a
gimbal assembly that allows the F/M to align properly with & fuel channel end fitting to reduce
the forces exerted on the end fitting by the F/M when clamped onto the channel. The gimbal
assembly is restrained hy spring stabilizers when the F/M is detached from the reactor. The
catenary hoses and cables supplying the F/M are connected by quick-disconnect type couplings
which, in conjunction with a mechanical disconnect, enable the F/M to be removed from the
carriage remotely in the unlikely event that irradiated fuel should become stuck in the F/M and
cannot be discharged by normal, operational means.
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7. FUEL TRANSFER

Two distinct methods are used to discharge trradiated fuel from the heavy water
environment in the F/M 1o a light water storage bay that is located ouiside reactor containment.

Methol |

Wet discharge is featured at Pickering. Irradiated fuel ** discharged from the F/M
through the discharge port into a heavy water filled transfer mechanism. The heavy water level
is lowered in the transfer mechanism and the irradiated fuel is discharged dry onto an elevator
laddle that interconnects with a light water immersed conveyor system that transfers the
irradiated fuel to the storage bay. The light water column in the elevator shaft forms a part of the
reactor building containment boundary (Figure 1-2).

Metind 2

In CANDU 6, the F/M clamps onto the fuel transfer port and forms a leak tight
joint and the level of heavy water in the F/M is lowered to below the snout level. As the valve
on the fuel transfer port is open to the discharge bay atmosphere that is outside the reactor
containment boundary, the F/M pressure boundary becomes a part of the reactor containment
boundary. lrradiated fuel is discharged dry through the fuel trunsfer port onto the laddle on the
elevator and lowered into the discharge bay that is interconnected to the storage bay through the
reception bay (Figure 1-1).

Method 2 (alternative)

In the Bruce/Darlington design, the fuel transfer part is connected 1o an air hood
that is submerged in the storage bay. When the F/M clamps onto the fuel transfer port, the ievel
of heavy water is already below that of the snout and irracdiated fuel is discharged dry onto a
laddle in the air hood. After the irradiated fuel is placed on the laddle, it swings out from the air
hood into the light water environment of the storage bay. The water surface in the air hood
therefore forms a part of the reactor building containment boundary.
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8. WET STORAGE

Storage of used CANDU fuel in water filled, reinforced concrete bays is provided
at each site. Epoxy has been used extensively as a liner material in the bays. Stainless steel
liners have also been used. The bay is considered as interim storage. Initial bay storage capacity
is mostly based on ten years output at 80 p~rcent minimum reactor operating capacity, plus one
core Joad. An area is set aside in the stor. - say for underwater filling of transportation casks.

Any defected fuel is sealed in cans with provision to vent noble gases and are
stored in & sepirate area in the bay. The present achieved defected fuel rute is less than 0.06%.
Defected bundles are later decanned and loaded under water into holding cans for long-term
storage. An underwater fuel examination station is also possible to establish within the bay.

At Pickering, used fuel is stored in rectangular modules containing 96 used fuel
bundles. The same modules are also used at Darlington. The modules are stacked in frames
equipped with expanded metal mesh along the sides for seismic restraint and Internat:onal
Atomic Energy Agency (IAEA) safeguarding purposes.

At the CANDU 6 stations, used fuel is stored in trays containing 24 fuel bundles
arranged in two rows, in a single layer. Trays are stacked, approximately 19 high and arranged
in groups of two or four. Each group of stacks is provided with a cover that is held in place by
vertical rods that integrate and tie the stacks together to resist possible seismic loads and for
IAEA safeguarding.

At Bruce, used fuel is also stored in single layer trays that are stacked one on top
of the other, but these trays are different from those used on CANDU J, and are placed in
stacking frames similar to Pickering for seismic restraint and safeguarding purposes.
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9. DRY STORAGE

Subsequent dry storage of used CANDU fue! five years after discharge from a
reactor is an AECB approved system of used fuel storage. The future size of the storage bays on
CANDU stations now can be reduced to as little as six years capacity, including capacity for a
full core load.

AECL has decommissioned Gentilly 1, Douglas Point and NPD reactors and uses
concrete canisters (Figure 1-18) located outdoors at the sites, for interim dry storage.

Used fuel is transferred from the trays into cylindrical containers in the bay. The
filled container is then raised into a dry shielded work station that is installed at the edge of the
pool and a lid is seal welded, using remote handling equipment (Figure 1-19).

The sealed container is transported in a flask to the outdoor concrete canister for
interim storage until it will be disposed permanently off-site at a future date. The minimum life
expectancy of these canisters is 50 years,
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10. TRANSPORTATION CASKS

Some of the CANDU reactor sites are provided with separate auxiliary used fuel
storage bay facilities. At Pickering, a transportation cask is used to transfer used fuel from the
primary bay to the auxiliary bay. The cask is made from stainless steel and is filled underwater.
When full, whilst the cask is suspended above the water, it is decontaminated by hosing down
with hot demineralized water spray. The cask is allowed to drip dry before it is transported.
Decontamination is carried out routinely and is completed in about two hours.

At decommissioned CANDU reactor sites, casks transport the used fuel container
from the dry shielded work station to the dry storage concrete canisters, located at the site. The
casks are constructed from carbon steel plates filled with lead shielding and designed to fit onto
the opening on the top of the dry shielded work station. The container that is filled with used
fuel is lifted into the cask through a hinged opening at the bottom. The filled cask is checked for
contamination at vulnerable locations with a smear swipe over a 100 mm (3.9 in) square area. If
loose contamination is detected, the contaminated area is simply cleaned with water using a
mop. If loose contamination is still present, appropriate cleaning fluids are used to mop the
contaminated areas.

The cask containing the used fuel container is transported to the dry storage
concrete canister and placed on top of it for unloading through the bottom hinged opening. The
top of the cask is ecuipped with a penetration for a grapple, suspended by a hoisting
arrangemer.., v itfi or lower the filled container.
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TABLE 1-11I: FUELING MACHINE MAGAZINE BUNDLE

FUELING MACHINE

DOUGLAS POINT
PICKERING
CANDU A

BRUCE
DARLINGTOM
CANDU 3

CARRYING CAPACITY

MAGAZINE
BUNDLE CARRYING CAPACITY

12
10
10
16
16
20



CALIBRATION PORTS

ANCILLARY PORTS

REHEARSAL FACILITY

IRADIATED FUEL LADLE DRIVES

DEFECTED FUEL CANNING EQUIPMENT
IRRADIATED FUEL TRANSFER CONVEYOR
IRRADIATED FUEL RECEPTION BAY
RECEPTION BAY EQUIPMENT

DEFECTED FUEL STORAGE BAY

DEFECTED FUEL STORAGE BAY EQ_(PMENT
IRRADIATED FUEL STORAGE BAY

STORAGE BAY MANBRIDGE

STORAGE TRAY SUUPORTS

ACCESS TO FUTURE BAY EXTENSION

NEW FUEL STORAGE ROOM

FUELING MACHINE HEAD TRANSPORT CART
EQUIPMINT AIRLOCK

HEACTOR

FUELING MACTHINE BRIDGES

FUELING MACHINE CARRIAGES
FUELING MACHINE HEADS

FUFLING MACHINE CATENARIES
SHIELDING DOORS

CATENARY SYSTEMS

FUELING MACHINE MAINTENANCE L OCK TRACK
FUELING MACHINE MAINTENANCE LOCK
10 NEW FUEL TRANSFER MECHANISMS

11 IRRADIATED FUEL DISCHARGE BAY

12 IRRAD ATED FUEL DiSCHARGE PORTS

DB IO BWN -

—————
—

FIGURE 1-1 CANDU 6 FUEL HANDLING SYSTEM
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i, INTRODUCTION

During on-power fueling, the fueling machine (F/M) becomes an extension of the
reactor fuel channe! end fitting and is subjected to the pressure in the pnmary heat transport
system. The F/M is designed as a reliable high integrity device. Portions of it are cquivalent to
static pressure vessels and are designed to the CSA Standard CAN3-N285.0 standard which
provides general requirements for ail pressurized systems on the plant including administrative,
regulatory and quality requirements. CSA Standard CAN3-N285.1 is also used to provide
direction into the ASME Code for Class 1, 2 ard 3 systems and components for all technical
rules of design and construction. Other portions, such as elastomeric hoses, the failure of which
results in release of fluid, are designed to CSA Standard CAN/CSA-N285.2 which provides
technical rules for those components which are unique to the CANDU design and are not
adequately dealt with by the ASME Code. Additionally, the on-power fueling concept requires
the F/M pressure boundary and its support structure to be seismically qualified to the
requirements of CSA Standard CAN3-N289 3,

Furthermore, the F/M must visit different reactor fuel channels, the fuel transfer
port and auxiliary ports. Therefore its support system must provide transport mobility, whereas
the requirements for ASME pressure vessel supports generally address static structural
components.

00143970
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CSA STANDARDS

r

PURPOSE

The CSA N285 series of standards har deen produced to provide uniform rules
for the design, fabrication, and instaliation of pressute-retaining systems and components in
CANDU nuclear power plants. CSA Standard CAN3-N285.1 provides direction into the ASME
Code rmquireinents to properly relate the design and construction of specific CANDU
components. In other cases, CSA Standard CAN/CSA N285.2 rules are provided where the
ASME Code does not address CANDU design needs. The design fabrication, installation,
commissioning and operation of nuclear racilities in Canada are also subiect to the Atomic
Energy Conirol Act and Regulations. Therefore, additional requirements may be imposed by the
Atomic Energy Control Board of Canada.

The specific objectives of the series are:

a. To establish rules relating to authorization, approval, and acceptance, where such rules differ
fron. those specified in the ASME Code;

b. To snecify requirements for materials and rules for the design, fabrication, installation,
examination, inspection, testing, and repair of pressure-retaining systems and components,
where such systems and components are not covered by the ASME Code;

¢. To establish rules for ¢classification of systems and components based or. the ranonaie and
criteria consistent with the Canadian safety philosophy, as set forth by the Atomic Energy
Control Board,

d. To set up rules for the periodic irspection of CANDU nuclear power plants;

"

To provide interpretation of the rules contained in the standards for nuclear power plants
systems and components,

o
"

DESCRIPTION

The CSA Standards that are pertinent to fuel hand'ing dcsign are as follows.

22.1 General Requirements for Plants and Pressure-Retaining Systems and
Components in CANDU Nuclear Pows=r Plants. (CAN3-N285.0)

This standard specifies the general requirements for the design, fabncation. and
installation of pressure-retaining systems and components in CANDU nuclear power plants.
Most of these requirements govern the Canadian administrative system of classification,
registration, and quality assurance, where they differ from the ASME Boiler and Pressure Vessel
Code.
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a2.2 Requirements for Class 1, 2 and 3 Pressure-Retaining Systems anc Components
in CANDU Nuclvar Power Plants. (CAW3-N285 1)

This standard specifies the requirements tor design, fabrigution, and installation
of Class 1, 2, and 3 pressure-retaining systems and components in CANDU auclear powe:
plants, as gefined by CSA Standard CANR.[N285 0. Classes 1, 2 and 2 baiica'ly include nuclear
systermns and components excluding conta nment systems. To a large extent these clas<es are
adequately covered by the ASME Code, however some additional technical rules complement
the ASME Code.

24:3 Requirements for Class 1C, 2C and 3C Pressure-Retaining Components and
Supponts in CANDU Nuclear Power Plante. (CAN/CSA-M285.2)

This standard applies to pressure-retatiung components of CANDU nuclear power
plants that have a Code Classification of Class 1C, 2C, or 3C as defined by CSA Standard
CAN3-N285.0. These classes include components that wou!ld be classified as Class [, 2 0or 3
components according to CAN3-N285.0, but do not have their requirements given in
CAN3-N285.1. Essentially, chese ere Class [, 2 or 2 compenents tfor which ASME Boiler and
Pressure code rules do not exist, are ingpplicable or are insufticien . Use of a non-ASME code
material does not mean the component will be classified as 1C, 2C or 3C.

These rules complement those in CSA Standards CAN3-N28,.0 and
. CAN3-N2R5. 1 for the design, fabrication, instailation, examination, and inspection of CANDU
nuclear power plant components and supports,

2231 Supports

Fueling machine supports in CANDLU reactors are composed of structural
supporting elements and mechanisms. Portions of them have mobile functions not usually
found iv supports for pressure-retaining components. For example, an eicvating bridge and
carriage is commonly used to move the F/Ms from one reactor channel to anower during
on-power fueling. A ballscrew and nut assembly is often used to produce bridge and carnage
motion as well to provide support.

Mechanisms that procluce or contro! motions and carry support loads, whose
failure would result in a loss of support, rust satisfy a stress analysis, experimental stress
analysis, or load rating, similar to that required in the applicable ASME Boiler and Pressure
Vessel Code section.

These mechanisms must be equipped with controls and interlocks to prevent
motion of the support that could result in overstressing @ pressure-retaining component or its
support. It must also be possible to verify the operation of controls and interlocks.

2232 Threaded Connections and Tube Joints

Where threaded fasteners are permitied by the ASME Boiler and Pressure Vessel

Code, use of helical coil or other metallic inserts are allowed with appropriate destructiv: testing
. on representative samples. Non-welded tube joints may be used subject to several testing and
design requirements.
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¢. The shell of a metal airlock or transfer chamber 1s considered a vessel. 1f the shell is made
of concrete, it is considered part of the contaimnent structure to be designed in necordance
with CSA Standard CAN3-N2§7.3.

2243 Seal Plates

Sea! plates may be used between the containment structure embedment and
process system components that penetrate the containment structure, 1o form a portion of the
containment boundary. Seal plates may also provide an anchor or support function for the
penetrating system.

2244 Electrical and Mechanica! Penetration Assemblies

Electrical and mechanical penetration assemblies shall be designed to comply
with the requirements of the applicable class within CSA Standurd CAN3-N28S 1.

2.24.8 Flexible Bollows and Seals

Flexible bellows and seals must accommodate movements between the
containment structure and penetrating systems. When non-metailic flexible bellows or seals are
used to perform the containment seal function for the penetrating systems, dual seals shall be

. installed with provision for in-service testing by pressurizing the space between the seals.

225 Design Procedures {  Seismic Qualification of CANDU
Nuclear Power Plants. (CAN3-N289 3)

This standard applies 1o those structures and components in CANDU nuclear
power plants that require seismic qualification by analytical methods.

Seismic design requirements for commercial structures and industrial plants have
existed in Canada for many years through the National Building Code of Canada (NBCC),
which is mandatory throughout Canada. The seismic design of nuclear power plants requires
special consideration for the safety of the public. The seismic design philosophy for CANDU
nuclear power plants is based on princ.ples established by the Atomic Energy Control Board of
Canada.
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1.2 SYSTEM DESCRIPTION

131 Introduction

The fuel handling system is made up of two F/Ms, two F/M support carriages and
associated supporting tracks, two reactor vault bridge/column assemblies, two each of new fuel
loading, irradiated fue! unloading and F/M calibration facilities, one irradiated fuel transfer
system, plus all associated auxiliaries, power supplies and control systems.

The fuel handling system can be divided into three interrelated systems: new fuel
transfer, fuel changing, and irradiated fue! transfer. Figure 3-1 shows the movement of fuel from
the new fue!l storage area through the reactor to the irradiated fuel storage bay

12.2 New Fuel Transfer

The fuel arrives at site in pallets. Up 10 a nine month supply is stored in the
service building new fuel storage room (Figure 3-2, Item 27). As required by station operation,
the pallets are transferred to the new fuel loading area located inside the reactor building. There,
the fuel bundles are uncrated, inspected and transferred to the new fuel transfer room.

There are two new fuel transfer mechanisms (Item 10), one for each F/M, serving
each face of the reactor. Up to 12 fuel bundles can be stored in the new fuel magazine of each
new fuel transfer mechanism, from where they are transferred, two bundles at a time, into the
F/M located in the maintenance locks (ltem 9).

Each fuel bundle is inspected during the loading process to check for defects.

Loading of new fuel into the new fuel mechanisms is done under local manual
control, while the transfer of new fue! from the new fue! transfer mechanism magazines to the
F/M magazines is normally done under computer control.

123 Fuel Changing System

The fuel changing system comprises two F/Ms (Figure 3-2, Item 4), one on each
reactor face, two F/M head support carriages with associated catenary trolleys (ltem 7) and two
bridge-column assemblies (Item 2). The F/Ms are designed to interface with the fuel channel
assemblies in order to transfer fuel on power while retaining heat transport system integrity. At
the ieactor site there is a total of three F/Ms (two operating +"Ms and one spare). Any one of the
reactor F/Ms can operate at either reactor face.

The fuel channel assemblies (Figures 3-3, 3-4) locate ad support the fuel bundles
inside thie reactor and form part of the primary heat transport system. The:2 are 380 fuel
channels in CANDU 6, with heavy water flowing through each channel and over the fuel
bundles, removing up to 6.5 MW of heat per channel.

A fuel channel assembly consists of a pressure tube, two end fittings and
associated hardware. ‘
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1.24 Irradiated Fue! Transfer

Irradiated fue! is discharged from the F/M through the irradiated fuel ports
(Figure 3-2, Item 12), located in the walls between the F/M maintenance locks and the irradiated
fuel discharge room.

Two ball valves are mounted in series in each discharge port to seal the port and
complete the containment boundary. The discharge room is considered outside the containment
boundary, and when fuel is being transferred the F/M becomes part of the containment boundary.

The irradiated fue!l discharge operation is performed in air from the point where
the fuel bundles leave the D3O environment in the F/M magazine until they are lowered into the
water in the discharge room by either one of two elevators (Item 17), depending from which F/M
the fuel is delivered.

The discharge bay (Item 11) is connected by an underground canal to a reception
bay (Item 19) which in tum connects to the irradiated fuel storage ouv (ltem 23)

The elevators in the discharge room lower the irradiated fuel bundles, two at a
time, onto a rack on a conveyor (Item 18) which transfers the bundles through the canal into the
reception bay (Item 19). In the reception bay, the bundles are transferred onto trays for interim
storage in the bay. The fuel trays are moved from the reception bay to the storage bay by the
irradiated fuel transfer conveyor. In the storage bay, the trays are stacked one on top of the other,
by an operator from a manbridge. The trays are normally stacked no more than 19 high as a
minimum free water depth of 4.1 m (162 in) must remain between the top bundles and the water
surface to ensure negligible radiation levels in the accessible area ssurrounding the irradiated
fuel bay. The storage bay capacity for CANDU 6 allows for 10 years of reactor full power
operation,

After the fuel leaves the reception bay, all operaticas are performed manually
using tools suspended from the bay crane. Defected fuel is segregated from normal irradiated
fuel in the discharge bay, and then is stored in a carouse! type container for an initial decay and
degassing period. Finally, it is canned and transferred to the defected fuel storage bay (Item 21)
for long term storage.

Defected fuel is identified through two systems: the gross activity monitoring
system and the defected fuel location system. The gross activity monitoring system continually
monitors the two loops of the heat transport system for fission products indicative of a fuel
defect, The defected fuel location system identifies the fuel channel containing the defected fuel
and further indicates when the defected bundle or bundles have left the channel flow during the
refueling operation. The location of the defected fuel bundles in the machine magazine is then
known, so that, on arrival in the irradiated fuel discharge bay, the bundle pair can be manually
segregated.
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1.2.5 Fuel Handling Control

A fuel handling contro! console is provided in the station main control room.
From here the fuel handling operations are controlled, except for the loading of new tuel into the
new fuel wansfer magazine and the semi-automated and manual operations of irradiated fuel
storage. Two main digital control computers are available for reactor control: one in operation
and the other on standby. The major portion of fuel handling operations are handled
automatically by the standby digital control computer. This includes initiation of the
semi-automatic irradiated fuel handling operations in the reception bay.

Two identical and complete separate control systems are provided, one for each
F/M. The only communication between the two systems occurs during the fuel column
movement in a channel, and initially on channe! closure plug removal to check that both
machines are at the same fuel channel.

The mode of control is selected at the control room fuel handling control console.
Four modes of control are available' automatic run, automatic step, semi-automatic and manual
operation.

Automatic run is the preferred mode of operation. In this mede of contrl the
station digital computer takes command once a fuel channel and “job™ are selected, and
continves until refueling is completed. Communication between the computer and the
instrumentation and control devices permits the computer to maintain control and perform the
fuel changing operation. Only if a malfunction occurs should it be necessary for operator
intervention.

In the automatic single step mode of control the computer controls the fueling
operation, however, after each step of a sequence is cor.pleted, the computer must be
commanded by the operator to proceed 10 the next step.

Semi-automatic operation consists of keyboard statements supplied by the
operator independent of any ‘job’ or ‘sequence’, which are then executed automaticaily under
computer control.

Manual operation requires the operator to perform each step by operating the
functional contro's on the control console. The operator checks for completion of each step
using the console indicators, and then initiates the next step.

A ‘protective system’, which is a set of logic relays, has all the output control
commands (both computer controlied and manual) routed through it. Its function is to prevent,
through the use of interlocks, major damage to equipment or creation of a hazardous
environment for personnel. The logic of this system is separate and in additiun to that provided
in the computer. The interlocks can be by-passed by handswitches located at the control console
on.y with proper authorization, which must be obtained beforehand.

The control room fuel handling console consists of two identical sections, one for
each F/M and a control panel for common systems. Apart from the control pane's, each F/M
section contains a cathode ray tube for data display, an ‘operate panel’ to communicate
commands and select desired displays, and an alpha-numeric keyboard for operator
communications with *he computer.
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1.3 OPERATING PRINCIPLES

131 Duty Cycle

The normal fueling duty cycle is made up of the incremental movements of the
F/Ms as they traverse between the maintenance locks and the reactor vaults, inserting new fuel
irito the reactor and removing irradiated fuel.

Assuming continuous reactor full power operation, the rate of fueling in the
equilibrium state is 112 bundles per week. Note that for approach to the equilibrium condition
this rate is different, as described in Section 1.3.2.

The normal fueling duty cycle is based on fueling seven days per week, and
considers the addition and removal of 16 bundles per day, with bundles handied at a rate of eight
bundles per channel fueled.

The minimum time required to fuel a channel can be divided into four separate

duty cycles:

a. At New Fuel Port 26.4 min
b. Traversing to and from reactor face 12.5 min
¢. On-reactor duty cycle 60.3 min
d. At Irradiated Fuel Port 28.7 min

Total: 127.9 minutes or 2.13 hours

For two channels per day, the minimum fueling time would be 4.26 hours.
Adding in a performance factor of 1.5 to provide for operator efficiency, routine calibration and
check-out, the daily fuel handling system availability must not be less than 6.4 hours. Fuel
handling system avalability therefore must be about 28% per day to maintain full power
operation in the equilibrium burn-up state, assuming a seven day per weeX fucling operation.

If a five day per week operation is introduced, a system availability of not less
than 9.6 hours or 4C% per day would be required for those days when three channels per day are
refucled. For two channel refueling days, the system avaiiability would be as in the preceding
paragraph. The normal average rate of refueling of 112 bundles per week would require three
three-channel refueling days for each two-day channel refueling day.

132 Approach to Equilibrium Burn-up

As mentioned before, the normal rate of fueling in the equilibrium state is 112
bundles per week, assuming sustained reactor full power operation. To obtain the equilibrium
state, the new core load and its effect on reactivity must be considered. Because of built-in
excess reactivity in the fresh core, there is a time period of approximately 120 days of full power
operation during which refueling operations are not required. However, after that, fueling must
proceed at about twice the narmal rate (i.e., up to 50 bundles per day) for a three to six week
period to compensate for an increased rate of reactivity decrease with burn-up.
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2. NEW FUEL TRANSFER AND STORAGE SYSTEM

2.1 INTRODUCTION

The new fuel transfer and storage system covers the new fuel transfer process,
from the delivery of new fuel pallets to the stations to the reception of new fue! bundles into the
F/M. It can be divided into two parts:

a. New fuel storage and handling, which extends from delivery of new fuel to the movement of
this fuel into the new fuel transfer mechanism. Thzse operations are performed manually.

b. The new fuel transfer mechanism, which loads ncw fuel bundles into the F/M. This
operation is performed under computer control.

2.2 PURPOSE

The purpose of the new fue! transfer system is to provide a safe and reliable way
of supplying the two F/Ms with sufficient quantities of new fuel in order to maintain full-power
operation. Since refueling is normally carried out with the reactor at power, the system also
provides the facility to load fuel in an accessible area for transfer into the F/Ms, to which access
is limited.

2.3 SYSTEM DESCRIPTION

2.3.1 Storage and Handling up to the New Fuel Transfer Room

The new fuel for the 600 MWe CANDU reactor consists of 37 fuel sheaths per
bundle (Figure 3-6).

The bundles are individually packed in styrofoam containers, 36 bundles to a
pallet, each pallet weighing about 900 kg (2000 Ibg). The pallets arrive at the station via truck.
Once the truck is parked at the unloading dock, the shipping personnel will use the service
building hall crane with a pallet fork attachment to lift the pallets, two at a time, from the truck
to the service building temporary loading area. The pallets are visually inspected to ensure that
there was no damage during transit. A fork lift truck will then move the pallets, one at a time, to
the new fuel storage area in the service building, and place them on specially designed racks for
storage. Up to nine months supply of pallets can be stored in this room.

Each week enough fuel for one week's operation, normally 112 bundles or about
three pallets, will be removed from the new fuel storage room via fork lift truck and placed in
the service building crane hall. Using the service building hall crane, the fuel, two pallets at a
time, are raised using a crane attachment and transporied to the equipment airlock laydown area.

The pallets are next moved, two at a time, through the equipment air-lock using a
pallet truck.

From the reactor side of the air-lock, the pe!lets, two at a time, are transported
and lowered, using the 13600 kg (15 ton) reector building crane with another crane attachment,
to the new fuel transfer room (Figure 3-7). The fuel is placed, two pallets high, in the storage
area of the new fuel transfer room. Normally, there are six pallets in the new fuel transfer room
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232 New Fuel Transfer Room

Once a fuel pallet has been moved into the new fuel transfer room, an operator
will open it and unwrap the individual fuel bundles. He will pick up one bundle at a time and
tinove it onto the bundle inspection table via the bundle !ifting tool attached 1o the air-balanced
hoist. He carefully inspects the bundle size with the fue! spacer interlocking gage. He also
ensures that each bundle is free of damage and foreign matter prior to loading.

The loading operation is preceded by a status check of the transfer mechanism to
ensure that the system is ready.

Status of Transfer Mechanism Prior to Loading:
-~ All electrical and air systems are on.
- Magazine active vent is open (i.e., the vapor recovery system is on)
- Shield plug is locked in new fuel port.
~ Transfer ram and loading ram are fully retracted
- Air lock valve is closed.
~ Magazine is empty of new fuel.

The actual loading operation is divided into a series of steps. Each step is a
p..-missive for the one following. Confirmation of the successful completion of each step is
indicated by either a limit switch or a shaft encoder.

All steps, except the first which is a manual operation, ai » controlled from the
control panel mounted on the transfer mechanism.

- Manually open trough lid, loa” two fue! bundles into the loading trough and close trough lid.

- Index transfer mechanism magazine until an empty magazine position s in line with the
loading trough.

- Open air lock valve to fully open.
-~ Advance loading ram to fully advanced position,
- Retract loading ram to fully retracted position.
- Close air lock to fully closed.
- Repeat above steps until the required number of bundles are loaded.

233 Transfer to F/M

The transfer of fuel bundles from the transfer mechanism magazine to the F/M
magazine is normally performed under complete computer control. It is possible to operate the
transfer mechanisms manually, using the switches on the main control room console, but the
benefit of computer software checks will be lacking when manual mode is in use.

There is no provision on the local control panel to initiate this transfer. Prior to
beginning the transfer sequence, the F/M D;0 level is lowered below the snout level and the .
F/M is clamped onto the new fuel port.
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To ensure that the F/M is ready to begin the sequence the computer memory 18
checked to see that the F/M snout plug is in its magazine station and the guide sleeve has been
installed in the snout. The feedback must indicate that all rams are at home positions without the
ram adapter. The F/M rams are not used in this sequence and must be ¢lear of the magazine.

The feedbacks of new fuel system also check to ensure that the airlock valve is
c.0sed. that there is fuel in the new fuel magazine stations and that the new fuel magazine is not
in use.

All conditions being satisfactory, the new fuel magazine is rotated to the shield
plug station, the new fuel ram is advanced 10 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 F/M magazine to an empty station and
the new fuel magazine 1o a full station. The new fuel transfer ram is then fully advanced to push
two new fuel bundles into the F/M magazine station

The feedback of the new fuel transfer ram being fully advanced means that the
two new fuel bundles Lave been transferred from the new fuel magazine to the F/M magazine.
The new fue! transfer ram is moved back to the home position. The F/M and new fuel magazine
are rotated to the next stations and two more fuel bundles are transferred. This process is
repeated until the F/M magazine contains the required number of bundles.

After completion of the bundle transfer, the shield plug is reinstalied into the new
fuel port and locked i place.

The F/M then removes the guide sleeve from the new fuel port, installs its snout
plug, raises the D;0 level and unclamps from the new fuel port in order to transfer 1o the reactor
face.

2.4 EQUIPMENT DESCRIPTION

24.1 Jib Cranes

Before loading ~ - v fuel bundles, a pallet must be moved from the storage area to
the ioading area in the new fur | transfer room. Two 1800 kg (2 ton) jib cranes are mounted in
the corners of the new fuel transfer room above the fuel transfer mechanisms, to move pallets of
new fuel and pieces of equipment within the room. They are provided with electrically powered
hoists (Figure 3-7, Item 8).

242 Air Balance Hoist

After uncrating, the individual fuel bundies are lifted and transferred between the
pallet inspection table and the loading trough by the fuel lifting too! suspended from the
air-balance hoist.

The air-balance hoist is mounted on a jib crane of 140 kg (300 Iby) capacity
Figure 2-7, Item 7). This crane is pivoted from the building wall above the two new fuel transfer
mechanisms, at approximately the building center line, and covers the area of the new fuel
transfer room through which new fuel bundles have to be moved. The air balancing hoist is free
to travel along the jib. Itis air powered at a gauge pressure of 827 kPa (150 psi) and can be
adjusted to balance the load from a control on the operator’s handgrip on the bundle lifting tool.
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243 Bundle Lifting Tool

The bundle lifting tool is a manually operated device which clamps around the
end plates of the fuel bundles, through lifting adaptors. When the weight of the bundle is on the
t0ol, the tool is clamped securely to the bundle end plates by the toggle action of the ol
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 bundie lifting tool allows the operator to transfer the fue! bundles
with @ minimum of effort and without damage.

Once the bundle is on the air balance hoist, it is moved onto the inspection table
(Figure 3-7, Item §), centrally located between the two new fuel transfer mechanisms (Item 1),

Before placing a bundle in the loading trough of the transfer mechanism. it must
be thoroughly inspected and its serial number recorded with respect to its final location in the
reactor. Under no circumstances may fuel be 2.+ into the reactor if there is any doubt about its
phvsical condition. While the bundle ‘s held .1 ¢ lifting tool over the inspection table, ¢ check
of the bundle diameter and a visual check {or cieanliness will be carried out to make sure no
foreign material such as the polyethylene wrapping or styrofoam packing is stvzk to the bundie.

244 Fuel Spacer Interlocking Gage

The fuel spacer interlocking gage (Figure 3-8), is used to check the overall
diameter of each fuel bundle before it is placed in the loading trough. Separation among the
elements at the fuel bundle mid-length is maintained by three spacers which are brazed to the
elements. The spacers are positioned on each individual element such that contact between any
two mating elements is spacer-to-spacer. Furthermore, adjacent spacers are skewed in the
opposite directions 1o increase the effective width of contact among the spacers anc o decrease
the possibility of their interlocking. The diameter of the bundle indicates whether or not the
spacers of the bundle elements are inteiocked. The gage is used on the bundle while the bundle
remains supported in the lifting tool. It consists of two pivoted segments and a dial gauge, the
dial gage having a shaded area which indicates a ‘GO/NO GO’ range.

245 Loading Trough and Loading Ram

After the bundles are thoroughly inspected, they are placed in the fuel loading
trough of one of the transfer mechan, 'ms (Figure 3-9). They are identical in construction but
mounted in opposite directions, in . der to supply new fuel to the F/M on both faces of the
reactor.

The loading trough and a ram are provided for loading the new fuel into the new
fuel transfer mechanism magazine. Two fue! bundles are normally loaded into the trough
(ltem 10), and after the bundles are loaded, the lid 1s closed and the bund!les are pushed into the
magazine (Item 5) by the loading ram. The magazine is indexed to the next channel position and
two more bundles are inserted, until the magazine contains the required number of fuel bundles.

The trough is provided with a hinged lid (Item 11) 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.
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The loading ram connects to the transfer mechanism rear cover at the top
position, in line with the top magazine station. The ram is an oil/air operated, double-acting
cylinder, supplied from the new fuel auxiliaries system. The oil/air system of ram operation 15
used since it enables better speed control and smoother ram operation. Proximity switches are
installed at each end of the cylinder to indicate when the limits of ram travel have been reached.

246 Air Lock Gate Valve

The air lock gate valve (Figure 3-9, Item & and Figure 3-10) 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 any contamination from the F/M head, the maintenance lock or the
reactor vault, into the new fuel room. Limit switches indicate when the valve is at the open and
closed positions.

247 New Fuel Transfer Mechanism Magazine

The transfer mechanism magaziae assembly (Figure 3-9, Items 4-7) consists of a
leak tight housing, a rotor, and a drive unit. The magazine housing is a drum-like enclosure with
& normally closed drain connection to the active drainage system and a vent to the reactor
building vapor recovery system to remove any contamination through purging.

The magazine rotor contains seven tubular channels, six for accommodating the
new fuel bundle pairs and one for the new fuel transfer mechanism shield plug. The shield plug,
which is normally located in the new fuel port, reduces radiation streaming into the new fuel
transfer room from the F/M head when passing by the new fue! port of the F/M maintenance
lock.

The drive unit is shown in Figure 3-11. A bevel sing gear s mounted to the rotor
assembly, connecting with the bevel drive pinion for a 7:1 gear reduction. A coupling connects
the bevel drive pinion to a ‘Ferguson’ indexing unit located outside the magazine housing. This
‘Ferguson’ unit has a 4:1 reducing ratio. It features a special cam mounted on the input shaft
meshing with eight roller followers mounted on the output shaft.

The lead on the cam is shaped such that through 90° of input shaft rotation, there
is no movement on the output shaft. The spaces between the eight roller followers correspond to
the seven magazine stations, thus allowing for accurate magazine positioning without close
positioning requirement on the input shaft. A spring-set electrically released brake on the motor
minimizes coasting and provides positive positioning.

248 Transfer Ram and Drive

The function of the transfer ram is to push the new fuel bundles from the new fuel
transfer mechanism magazine into the F/M, and to move the shield plug between the new fuel
port and the transfer mechanism magazine. The openings for the transfer ram on the magazine
front and rear covers is 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 (Figures 3-12,
3.13).
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The ram is driven through a continuous duplex chain by a variable speed dc
motor through a speed reducer and a torque limiter. The ram tube is supported at the rear on two
pillow blocks, fitted with split ball bushings, which run or two roundways. The ram is sealed 1o
the back of the new fue! magazine housing by a floating seal assembly, This contains a wiper
and a seal, both mounted in & housing which is free to move radially within the main housing.
The ram head is chrome plated and contoured to permit free movement in the magazine channels
and in the port.

The ram is normally driven under program control from the digital computer,
although manual control from the control console in the main control room is possible. When
pushing fuel or a shield plug, the ram is operated at slow speed ar the beginning and end of each
stroke, and at high speed for the balance of the stroke. During ram retract, the slow speed is
only used at the end of the stroke. Controlled acceleration and deceleration and dynamic
braking are aiso provided by the motor controller.

Ram force is limited by a torque limiter mounted between the speed reducer and
the chain drive sprocket.

Ram position, for control of ram stopping and speed changing operations. is
detected by a shaft encoder driven through a speed reducer connected to the end of the chain
drive sprocket shaft.

249 Magazine/Port Adaptor

An adaptor assembly is bolted to the new fuel transfer mechanism frenat cover, at
a bottom position in line with the respective magazine station and the new fuel transfer ram.
The adaptor connects the new fuel magazine to the new fuel port and consists of a spool piece
with two double acting pneumatic cylinders (Figure 3-9, Item 7, and Figure 3-12). The function
of the two cylinders is to lock the new fuel shield plug in position in the new fuel port, and to
release the transfer ram from the shield plug after locking, allowing the trunsfer ram to retract
while the shield plug remains in the new fuel port. Whenever the shield plug or new fuel
bundies require passage through this area, both pneumatic cylinders must be retracted.

The mechanism to unlatch the shie'd plug in the transfer mechanism magazine 1s
illustrated in Figure 3-13. A ramp bracket built into the magazine tube actuates the latching
mechanism and disconnects the shield plug from the ram head.

2.4.10 New Fuel Port

Embedded in the walls of the F/M maintenance lock are the new fuel ports
(Figure 3-14). Their centerlines are located 2.4 m (8 ft) above the flcor in the maintenance locks
and 460 mm (18 in) above the floor in the new fuel transfer room. Aguin there are two ports for
the two F/Ms servicing the reactor. The port is a tubular connection with an end fitting
extending into the maintenance lock and the other end engaging with the new fuel transfer
mechanism port adaptor. On loading new fuel into a F/M, the new fuel port becomes the
passageway for bundle movement from the new fuel transfer mechanism to the F/M. .
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3. FUELING MACHINE HEAD - GENERAL

3l INTRODUCTION

The F/M (Figures 3. .7 3-16) is basicall: a pressut2 vessel designed to torm an
extension of the heat wansport system 0 enable 1efueling sperations with the reactor at {all
power.

32 PURPOSF

The purpose of the F/Ms is to transfer new fuel (o tne reactor receive and transfer
irradiated fuel from the reactor and to perform the operations necessary for on-power refueling
at the reactor face.

33 SYSTEM DESCRIPTION

The fuel changing operation is carriec out by 1ue F/Ms. This process requires the
F/M to interface with the new fue! port, fuel chaniels, irt idiated fuel ports, and the associated
plugs and adaptors. The fuel changing operation is shown in Figures 3-17 10 3-21.

The fuel changing operation begins as one F/M traverses to the maintenance lock
to receive new fuel. The operation is described by the duty cycle, ‘at the new fuel port’, as

follows:
Step Operadion

1 Home and Lock F/M

2 Drain down

3 Remove snout plug and insert guide sleeve

4 Remove port shield plug

o Insert two bundies into F/M and retract new fuel port ram

6 Repeat steps 4 and 5 three times

7 Index new fuel magazine, insert and lock port
shield pluz and retract ram

8 Remove F/M guide sleeve and insert snout plug

9 Unlock /M 'Z" motion out

The F/M then traverses to the reactor face and locks onto a fuel channel. The
F/M at the other side of the reactor also locks onto this channel. The F/M then performs various
functions to move the new fuel into the channel while the opposite F/M receives the rrradiated
fuel. At both ends of the channel the channel closures and snout plugs must be removed.

01 3570
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The operation of the changing F/M is described by h: onveactor’ duty ¢y le:

Step Operato
1 Home and Lock F/M
2 Pressurize
3 Remove snout plug and store
4 Remove closure plug and store
S Insert guide sleeve in snout
6 Remove shield plug und store
7 Fuel eight bundles
8 Replace shield plug
9 Remove guide sleeve and store
10 Replace closure plug
11 Replace snout plug
12 Depressurize
13 Unlock F/M *Z' motion out

The F/M accepting the irradiated fuel will then traverse t the irradiated fuel port
to discharge the irradiated fuel buadles. This operation is descnibed by the duty cycle, ‘at
nradiateu fuel port’, as follows:

. Step Operation
Home and Lock F/M

Flood port, remove snout plug and insert guide sleeves
Drain down and open port valves
Index F/M magazine
Advance F/M ram to load two bundles onto ladle
Re ract F/M ram to clear and retract fuel stop
Lower ladle
Index rack
Raise ladle
0 Repeat steps 4 to 9 three times (includes complete
ram retraction after last bundle pair)
11 Close port valves, remove guide sleeve,
insert snout plug
12 Unlock FM ‘Z’ maotion ont

- D oo 1O\ bW

The process will then continue with the ‘accept’ F/M traversing to the new fuel
port in the maintenance lock. The ‘accept’ F/M and ‘charging’ F/M, therefore, perform both
fueling functions. Fueling will always be done with the flow in the fuel channel. Alternate fuel
channels have opposite coclant flows.

The traverse time of the F/Ms is lumped into one duty cycle, ‘traversing to and
from the reactor face’:
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4. F/M SNOUT
4.1 PURPOSE

i. To achieve on-power fueling, the snout assembly enables the F/M to clamp
onto any reactor fuel channel end fitting and to seal the connection at high
D,0 pressure and high temperature.

ii. To achieve loading of new fuel bundles an? the discharging of irradiated fuel
bundles trom a F/M, as well as testing and maintenance, the snout assembly
er: " ~s the F/M to clamp onto the new fuel port, irradiated fuel port, ancillary
3 ort, or rehearsal-facility port.

42 EQUIPNENT DESCRIPTION

The snout assembly (Figure 3-22) comp ‘ses the center support, the clamping
merchanisms, the emergency 'ock assembly, the head antenna and the snout probes. It is
designed to prevent D,0 leakage under a high opsrating pressure and increased temperature
during on-power fueling operations.

The pressure tight connection is accomplished by advancing the F/M in the ‘Z’
direction until the clamping barrel (Figure 3-22, ltem 9) is over the end fitting and two of the
snout probes (Item 27) are depressed. There are four snout probes that detect the proximity of
the seal face 1o the end fitting, so that proper contact for clamping can be determined. Once the
probes are depressed, clamping is initiated by driving wedge segments (Item 6) down behind the
end fitting flange. This also serves to press the end fitting face up against metallic seal on the
end of the center support (Item 14). A pressure tight connection is achieved when the required
clamping force has been reached.

Arnother important feature of the snout assembly is the antenna which is mounted
on the front of the snout and is used to detect any gross position error of the F/M when 1 is
advancing in the ‘Z’ dizection towards a channel end fitting, If the F/M is misaligned with the
end fitting, the antenna plate (Item 1) will be depressed. This actuates the antenna switch
(Ttem 3) and the motion of the F/M towards the reactor is stopped as a consequence. Also,
disengagement of the clamping mechanism while the magazine is at reactor pressure is
prevented by an emergency lock assemtly which is activa.cd when the magazine pressure is
over 3.79 MPa (550 psi).

The snout plug, which is used to seal the F/M, is held in place by jaws vngaging
the locking groove of the center support. The seal is made by expanding a radial bore seal in the
smooth hore of the center support. The center support also acts as a connecting channel betweer
the magazine and the end fitting, and accommodates the guide sleeve during fueling operations.

421 Snout Center Support and Seal

The snout center support (Figure 3-23), is a concentric stainless steel forging
extending the pressure boundary from the reactor end fitting into the F/M magazine. It keys to
the magazine front cover and has a smooth inside bore with a locking groove for the snout plug
and a keyway for the guide sleeve.
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Located on the front face of the snout center support is the static seal that
interfaces between the F/M snout and the fuel channel end fiting. The static seal is a
one-convolution metallic ring. It is held in front of the center support by a seal holder and seal
holder ring and is replaced on average every three to six months.

422 Snout Clamping Mechanism

The snout clamping mechanism is actuated oil-hydraulically by four pistons
(Figure 3-22, i:em 23) mounted on either end of the upper and lower racks (Items 21, 22). Two
pistons are used for clarping and two for unclamping. Linear rack movement causes a rotary
motion in the screw and gear component (Item 16) which in turn moves the clamping barrel
(Item 9) in an axial direction. The clamping force generated reacts against the snout center
support through a thrust bearing (Item 17) and the lock ring (Item 15), placing the center support
section forward of the lock ring under compression during clamping. A second thrust bearing
locates the screw au. gear components while a spacer and ‘Belleville’ spring washer (Items 18
and 19) accommodate any additional movement due to thermal expansion in the cenier support
after the clamping action is complete.

The correc: rack and gear meshing is ensured by a guide plug (Item 26) for the
upper rack and the emergency lock piston housing (Item 28) for the low rack.

Four identical linkage mechanisms are provided to drive four wedge segments
(Item 6) into position during clamping,

Each linkage mechanism (Figures 3-22 and 3-23), is compnised of a wedge
segment (Figure 3-22, Item 6), a post and screwed link (Item 8), & lever arm with two attached
roller bearings (Item 7), a cam block (Item 5), and a lever bearing. The lever bearing is rigidly
mounted to the clamping barrel with an appropriate cut-out provided in the outer support to
allow for movement in the axial direction, as shown in Figure 3-23. The cam block is rigidly
mounted to the outer support and engages the two rolier bearings connec:ed to either side of the
lever arm. The slots in the cam block are shaped such that the lever arm is forced down when
the clamping barrel (and hence the lever arm) retracts during the clamping cperation. With the
four wedge segments thus inserted, the clamping force is transmitted axially from the clampi ¢
barrel via the wedge segments to the end fitting shoulder, pressing the end fitting against the
SNOUt center support.

Waen the snout is unclamped the wedge segments are retracted. This is
necessary as the end fitting shoulder must pass the wedge segments prior to clamping.

An O’ ring sea' (Figure 3-22, Item 13 and Figure 3-23 Detail ‘A’) is provided to
prevent corrosion in the annular space containing the threaded section as well as the main thrust
bearing. The O’ ring seals against any DO which otherwise may enter this area in the event of
snout seal leakage. An inter-cavity leak-off is provided from the annular space to give an
indication of either oil leakage past the rack pistons or DO leakage past the emergency lock
piston. Another leak-off is provided from the inter-cavity between two O’ rings (Figure 3-22,
Item 25), to detect any in-leakage from the magazine side. ‘




Snout

The snout emergency lock assembly safeguards against inadvertent snout
unclamping while the snout cavity is nressurized above 3.93 MPa (570 psi). The snout cavity is
defined as the area forward of the F/M snout plug when installed in the snout. During refueling
both the coolant channel closure and the F/M snout ( y are removed and the F/™M becomes an
extension of the heat transport system. Inadverteat snout unclam _:*;r ':..’ *r\'\.f....r:g In a
luss-ot?cm‘»‘um accident) is therefore prevented by mechanically engaging a solid piston (Figure
3-22, Item 29) into a recess on the lower rack, thus positively ‘erc.\::n;.' the unclamping motion

The lock piston is engaged by D;0O hydraulic pressure through a direct line connecting the snout

cavity pressure to the underside of the lock piston. A spring (ltem 30) fully returns the lock
piston if the snout cavity pressure falls below 3.93 MPa (570 psi). Conversely, if the snout

cavity pressure rises above 5.86 kPa (850 psi), the piston is fully engaged. The heat transport
system pressure is approximately 10.76 MPa (1500 psi

F/M Antenna Assembly

-

The F/M antenna consists of a stainless steel plate (Figure 3-22, ltem 1) \'.'1.::»&' to
interfere with ine fuel channel end fittings if the position error between the end fitting and F/M
snout center lines is more than 12 mm (0.475 in) during homing operation. The plate 18 h;mi
position by four spring assemblies mounted to a support ring (Item 2) which in turn attaches the
whole antenna assembly to the snout clampiug barrel I)cpc nding on the direction of the
position error, one or more of the four antenna switches (Item 3) mounted 90° apart o
support ring will be actuated if the antenna plate 1s depressed, that is, if misalignmen
beyond the capability of the ‘X’ and ‘Y’ correction-systems. The contro! system then
f_rther F/M head advance and corrective action by the operator becomes necessary

Snout Probes

~ -

Four T pre )'K’\ (Figure 3-22, Item 27) are located 90° apart on the face of the
snout center support. The probes are actuated by the reactor end fitting during the homing
operation to l'\dl\,d'(' close proximity of the end fitting seal face and hence correct position for
snout clamping. Each probe 1s mounted through a lever bearing to the snout and connects to a
linear potentiometer nmumec to the outer support. A spring connected in parallel to the
potentiometer holds the linkage assembly under tension
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3 F/M MAGAZINE ASSEMBLY

5.1 PURPOSE

The magazine assembly provides a storage facility within the F/M head for fuel
bundles, channel closures, shield plugs, snout plug, ram adaptor, and guide sleeve and insertion
tool.

5.2 EQUIPMENT DESCRIPTION

The magazine assembly can be divided into three main parts, the magazine
housing, the magazine rotor and the rotor drive unit.

5.1 Magazine Housing Assembly

The magazine housing assembly (Figure 3-24) is a pressure vessel designed to
operate at a rated pressure of 13.1 MPa (1900 psi) and a temperature of 149°C (300°F). It
consists of two forgings; the magazine front cover and the magazine rear housing (Figure 3-24,
lItems 18 and 23) held together by a large Grayloc clamp and seal ring (Items 21 and 22).

The Grayloc clamp consists of two halves made of cast steel and & seal ring made
of stainless steel. Each clamp half is designed with an integral lifting lug for convenience in
handling. The threaded stee! studs holding the clamp halves together are equipped with
indicator rods fitted axially through their centers and secured at one end. Proper clamping force
is indicated by the extension of the studs in tension relative to the untensioned rods. The steel
nuts have spherical ends which seat in spherical seats of the clamp halves. The nuts have
extended hexagon outer ends for access of the wrench socket without fouling the hoop or the
clamp.

The seal ring provides concentricity between magazine front cover and rear
housing while a dowe! pin connecting into both contact faces assures correct alignment of the
magazine housing and the front cover, so that the ram assembly and top center position of the
magazine rotor will be lined up with the snout assembly.

The magazine front cover provides openings and mounting faces for the snout
assembly, the separators and the weir, while the magazine rear housing has a smaller clamping
hub for attachment of the ram assembly via another Grayloc clamp (Item 33) and an extension to
house the indexing drive unit. Components inside the magazine housing comprise the magazine
rotor with its shaft seal, the D,O lowering weir which maintains a minimum level of D0 in the
magazine, four D;O mixing eductors, emperature sensing devices and a flow shield.

The funnel shaped flow shield (Item 28) is fi:'ed into the back end of the
magazine housing and is trapped in place between a shoulder in the housing and the spherical
bearing housing of the ram assembly. Its function is to minimize thermal shock to the back end
of the magazine housing by shielding it from the flow of cooler water entering the magazine
housing from the ram housing.

The four mixing eductors (Item 35) are fed from the magazine D;0 supply line,

Two eductors are fitted around the center hub near the back and two are fitted inside the rear
housing about 400 mm (16 in) further forward.
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The inner eductors direct flow clockwise and the outer eductors direct flow
counterciockwise. Their purpose is to provide good mixing of the entering water with the water
already in the magazine coming from the ram assembly.

The D50 leve! control weir (Figure 3-24, Item 20 and Figure 3-16) is mounted on
the inside of the front cover anc allows the water level inside the magazine to be lowered below
the snout if the drain valve is opened.

There are three temperature sensing resistance temperature detectors (RTDs), one
on the top of the magazine front cover, one on the top of the magazine housing, and another on
the back of the magazine housing on the right hand side below the lowered water level,

332 Magazine Rotor As: ‘mbly

The magazine rotor consists o1 a solid rotor s .+f and a cylindrical weldment
holding 12 magazine tubes. All components are made of sta ~.iess steel. The end plates of the
weldment are machined to a scalloped shape to form the 12 equally spaced saddles for
positioning the magazine tubes. Two lugs on each tube provide for screws and dowels to form
the attachment to the scalloped end plates of the weldment. Individual tubes can thus be
replaced if they become worn or damaged.

There are five stations for fuel bundles (two bundles per magazine station), two
stations for channel closures (one spare), two stations for shield plugs (one spare), one station for
the ram adaptor, one station for the guide sleeve and insertion tool and one station for the snout
plug. The guide sleeve statict: is the only one split along its length to provide a guiding key-way
for the guide sleeve. The ram adaptor station has a bar welded across its front opening to ensure
azainst entry of fuel bundles.

52.3 Rotor Shaft and Dnive Unit

§.2.3.1 Rotor Shaft Support

The rotor shaft support is a stainless steel long neck flanged structure. It holds
the rotor shaft in place with one set of single row deep groove radial ball bearings in the front
and a triple stack of angular contact ball bearings at the rear. The rotor shaft support is bolted to
the magazine rear housing. The bearings are designed to support the mechanical loads and to
withstand the hydraulic load. The mechanical loads inc!ude the weight of the loaded magazine
“hanne! stations and the ram forces. The hydraulic load is generated by the magazine internal

essure.

5232 Balanced Shaft Seal

The magazine housing has two separate compartments;, the magazine enclosure
and the Ferguson Drive enclosure. The rotor shaft passes through the wall between the two
compartments and the pressure boundary is provided by a balanced shaft seal (Figure 3-25).
This seal assembly comprises a spring loaded rotor assembly mounted to the magazine rotor
shaft and running against a stator which connects to the magazine housing through a gland plate.
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§2.33 Drive Unit

The rotor shaft section extending into the Ferguson Drive enclosure attaches to a
plate of 12 equally spaced roller followers and also connects to a rotary potentiometer
(Figure 3-25). The roller followers engage an indexing cam. The cam shaft which mounts the
indexing cam is installed perpendicular to the rotor shaft and supported by two sets of tapered
roller bearings Doth ends of the cam shaft extend from the Ferguson Drive enclosure and are
sealed by a pair of o1l seals. One side of the cam shaft is attached to a drive gear which engages
the worm gear of the oil hydiaulic motor in the gearbox. The other side (ot shown in
Figure 3-25) is attached to a rotar. potentiometer. The oil hydraulic motor, the gearbox and the
rotarv potentiometer are mounted cutside of the Ferguson Drive enclosure.

Whenever the oil hydraulic motor is energized, it rotates the magazine via the
indexing cam and roller followers. For change of one channel station, the roller follower turns
30° while the indexing cam rotates 360° with 90° dwell. Throughout the 90° dwell the magazine
station remains aligned.

>

2.34 Magazine Emergency Drive

The emergency drive gearbox assembly is mounted between the hydraulic dnive
motor and the worm drive reduction gear assembly, and enables the hydraulic drive motor to be
disengaged and a manual drive shaft to be engaged with the worm drive input shaft for manual
operation. The manua! drive shaft of the emergency drive gearbox is connected through rotary
drive shafts and a miter gearbox to a manual drive shaft at the rear of the ram assembly
(Figure 3-15). The manual drive is locked by a dowel pin engaging & hole in the manual input
drive shaft flange. To rotate the manual drive, an upward force on the input drive must be
maintained in order to release the flange from the pin.

in normal operation, a sliding coupling sleeve in the emergency drive gearbox
(Figure 3-26) is held in engagement with the hydraulic drive motor by an eccentnc stop on the
manual input shaft. When the manual input shaft is rotated 180°, the eccentric stop releases the
sliding coupling sleeve, which through springs, slides along the guide pins to disengage the
hydraulic ditve motor and engage the manual input shaft with the worm drive reduction gear
input shaft. Continued rotation of the manual input shaft from the connection point at the rear
end of the ram assembly will then rotate the magazine.

To return the emergency drive gearbox to hydraulic motor operation, the manual
input drive shaft is positioned so that the eccentric stop is clear of the sliding coupling sleeve.
The sliding coupling sleeve is then repositioned by a squared shaft on the emergency drive
gearbox and the mar.al input drive shaft is rotated 180° to engage the eccentric stop with the
sliding coupling sleeve to hold the coupling sleeve engaged with the hydraulic drive motor.

13 Wy $70
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. 824 Magazine D;0O Level Drain Assembly

The magazine housing is a pressure vessel filled with D0, Whenever new fuel
bundles are loaded into the magazine, or discharge of wrradiated fuel bundles from the magazine
1s recuired, the magazine must be depressurized and its D;O level lowered below the snout
opening. ¥For this purpose, the magazine has a weir built in the magazine front cover (Figure
3.16). In operating a drain valve, the weir retains the magazine D;0 level such that all channel
stations remain submerged except the one indexed to the snout. A drain valve i1s mounted under
the bottom of the magazine front cover and is powered by an oil hydraulic actuator. The
actuator stem of the drain valve has a heavy spring, such that wher the oil pressure acting on the
actuator is equal to (or greater than) the spring force, the valve is closed. The spring will force
the valve to open if the oil pressure becomes lower. A linear potzntiometer attached to the drain
valve stem provides electrical signal feedback to the control system. Whenever the fueling
operation requires lowering of the magazine D0 level, a mechanism termed the D0 discharge
port comes into play.

The D70 discharge ports, located on the floor of both F/M mainienance locks
under the new fuel, irradiated fuel, and ancillary calibration ports, provide for:

i.  DyO discharge from Lae F/M magazine to be funnelled back to the D;0 recovery
system

ii. drainage of D0 collection tank mounted on the F/M cradle.

The D>0 collection tank contains clean D0 collected during snout cavity
venting, and possible transfer of DO from the magazine during partial level lowering while the
F/M traverses with irradiated fuel from the reactor face.

524.1 D,0 Discharge Port

The D0 discharge port consists of a mounting block assembly which engages
with the drain flange on the F/M magazine front cover. The mounting block contains a butterfly
valve, flanged to a flexible braided stainless steel 7.62 cm (3 in) diameter hose. This assembly is
connected through a four bar linkage to an air actuator.

Energizing the air actuator causes the entire mounting block assembly to be
raised, making contact with the F/M drain flange, and at the same time opening the butterfly
valve on the discharge port through the linkage mechanism. Ey the same means this valve
closes when the air actuator is de-energized.

Air actuators are mounted on each discharge port assembly. At the irradiated fuel
and ancillary ports there are two air actuators which operate a butterfly valve on the F/M to drain
the magazine to weir level after the drain valve is opened, or to drain the collection tank. The
run-off is gravity fed into the storage tank and then pumped back to the main DO storage
facility

At the new fuel port location, there is a third air actuator, which operates a ball
valve which drains the oil and DO mix tank. The run-off is discharged into a separate container
and then disposed of manually.
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All air actuators located at the discharge port assembly are coupled with
1

potentiometers, for positional feed back purposes, and the air actuators are controlled by
solenoid-operated directional valves having a separate control panel
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6.2.2 Pusher

The main purpose of the pusher is to stop at the correct position for separating
fuel, and to assist directly in the tuel separation. The pusher (Item 14) incorporates and acts as a
guide for the feeler. When piston ‘A’ (Item 18), which is connected to the pusher, is activated by
D,0 pressure, there is & pivotal movement of the pusher about the forward pin. This tends to
move the feeler outwards (PUSH COMPLETE position) a distance which is necessary to move a
fuel bundle fully into the magazire so that the magazine can be rotated freely. The forward pin
is also attached to the side stops (Item 15} so that movement of the side stops will move this part
of the pusher. The rear pin, however, is linked to piston ‘A" which requires DO pressure to be
actuated. It is this linkage that causes the pusher to push the feeler outward. There are two
spring and pin arrangements (Detail A) in the side stops that are linked to the pusher by a lug
(Item 12). This assists the pusher to return to its neutra! position in the event that piston ‘A’ may
be sticking. Piston ‘A’ utilizes a commerciai sea! and also a series of grooves on the piston head
to provide a water-tight seal. From piston ‘A’ there is a connection 10 a potentiometer assembly
identica! to that of the feeler for position monitoring of the pusher.

623 Side Stops and Safety Latch

The side stops are used to prevent the passage of the fuel string beyond the end of
the guide sleeve. They are able to resist the combined load of the hydraulic drag of the fuel
bundles in the fuel channe!l as well as the force of the rams of the upstream F/M. The stops are
inserted between adjacent bundles by actuation of two hydraulic pistons. These pistons are
mechanically linked to the side stops and pinned to provide some pivoting of the stops. This
motion is limited by & guide pin (Figure 3-28), which extends downward from the side stops and
is inserted in a guide bushing, which is a component of the snout center support. This bushing
has a large enough bore to allow the pin to move from one side of the bushing to the other and
provide limited motion of the stops.

The position of the stops is indicated by signals from magnetic reed switches
which are actuated by a magnet and piston rod assembly (Figure 3-27, Item 10) connected to the
side stop piston ‘B’ (Item 17).
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It is essential that the side stops remain i.. the position called for, either inserted
or retracted. The inserted position must be assured to prevent the fuel string from entering the
F/M under uncontrolled conditions. The retrracted position must be assured to avoid bundle
damage since the side stops have sufficient force to cut into a fuel bundle if inserted out of step.
The safety latch gives this assurance. This is effected by a latching rod (Item 24), the end of
which engages with one of two notches cut in an extension spindle on the other side stop
operating piston (Piston ‘D’, Item 20). The latching rod is held forward to engage either notch
by spring pressure and is disengaged by energizing a solenoid. A magnet attached to the
latching rod actuates magnetic reed switches (Item 27) so positioned as to indicate the
‘LATCHED' or ‘UNLATCHED’ condition. In case there is a loss of power or the solenoid is
defective, then the manual override (Item 5) can ve used to unlatch the side stops. This
mechanism consists of a T-handle, bellows and shar*. The handle is turned manually to depress
a lever and engage a pin tnat is attached to the latch shaft. This pulls the shaft out from the
notch on the side stop piston. The bellows on the overrice acts as a seal to prevent D0 from
escaping to tie atmosphere.
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7. F/M RAM ASSEMBLY

7.1 PURPOSE

The ram assembly provides the necessary movements and forces required for
trunsfer and discharge of fuel bundles, or installation and withdrawal of the guide sleeve, the
plug, the shield plug and the snout plug.

7.2 EQUIPMENT DESCRIPTION

The F/M ram assembly consists of a ‘B’ ram, ‘latch’ ram and 'C' ram. These
rams are essentially concentric tube assemblies supported by the ram housing. Each ram has a
different ram head assembly to perform the necessary plug or fueling operations. Both the ‘B’
ram and latch ram are driven by oil hydraulic motors through a gear system and ball screws.
The ‘C’ ram is powered by D,O from the D,0O supply system. All three rams have rotary
potentiometers to provide continuous information of the ram positions to the control system.

The ‘B’ ram has three speeds and five force levels to perform its operational
functions. The latch tam has one speed and one force level while the ‘C’ ram has five force
levels and its speed varies with the force selected.

The ram sub-assemblies are discussed in detail in the following sections.

7.2.1 Ram Housing

The ram housing is a pressure vessel consisting of two parts: ram housing and
ram rear forging. The housing (Figure 3-29) has a 254 mm (10 in) inside diameter and an
overall length of about 4 m (158 in). The front end of the ram housing (Figure 3-30, Item 19)
joins the smaller clamping hub of rhe magazine housing while the rear end of the ram housing
(Figure 3-31, ltem 9) connects to the ram rear forging via small Grayloc clamps and seal rings.
The gearbox enclasure is bolted to the ram rear forging and is outside of the pressure boundary.

7.2.2 Ram Head Assemblies

The ram head assembly is snown i» Figure 3-32. The stainless steel ‘B’ ram head
(It-in 1) screws on to the front end of the ‘B’ ram fube. Four axial flutes in the outside diameter
provide water passages. The chrome plated front end is reduced in diameter to provide a
shoulder for pushing, and tapered for entry into the plugs and guide sleeve tool. Twelve balls
are staked into the front end for gripping :he plugs and guide sleeve tool.

Two cross pins (Item 6) ure lorated! between the push ring (Item 4) and the ‘B’
ram head through clearance openings in the lawn tube. This enables ‘B’ ram force to be applied
via the push ring to the “aflecting rod.

The stainless steel latch sleeve (Item 2) screws into the front end of the latch tube,
Eight latch balls are staked in place about halfway along the sleeves length (Item 10).

The stainless steel ‘C’ ram head (Item 3) is screwed into the front end of the ‘C’
ram tube. Six balls are staked into the front end for gripping plug, tool or adaptor stems. The
back end of the ‘C’ ram head is slotted and, when screwed into the *C’ ram tube, a forward
projection on the tape anchor plug (Figure 3-29) enters its back end to prevent any tendency for
the forked thread sections to collapse.
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drive shaft with one end exposed in air is held by a threaded shaft, thrust bearings and
ball bearings. Normally, the helical gear is pushed into a position by & compression
spring such that it would not be able to engage the helical gear on the ‘B’ ram worm
shaft. Once the coupling sleeve is disengaged from the worm shaft, a special tool is
used to engage the ‘B’ ram manual drive shaft that forces the helical gear on the
manual drive shaft 1o mesh with a helical gear on the ‘B’ ram worm shaft by
compressing the compression spring. The torque produced by the special tool is
transmitted to the ‘B’ ram tube via the manual drive shaft, helicu! gears, ‘B’ ram
worm shaft, sleeve gear pinions and ‘B’ ram ball screws.

The special tool can be turned in either the clockwise, or counterclockwise directions.
This will drive the ‘B’ ram to advance, or retract.

7.33 ‘B’ Ram Potentiometer Assembly

The ‘B' ram potentiometer assembly is fixed in a cylindrical potentiometer cover,
which is closed and bolted to the gearbox front cover with a mounting plate. In the
potentiometer cover, there are four wire-wound potentiometers mounted in the upper space, and
a counter mounted in the lower portion. The four potentiometers are divided into two sets. One
is the main set; the other is the standby. Each set can provide a course and fine reading. They
are driven by the ‘B’ ram worm gear shaft through speed reducers, gears, and a bellows
coupling. On the bottom surface of the potentiometer cover, there is a magnifying lens that the
operator can look through to read the counter. The counter is driven by the ‘B’ ram worm shaft
via speed reducers, a series of gearing, and a bellows coupling. This facility is used primarily
for calibration when the F/M head is uccessible.

7.4 LATCH RAM

Latch ram is second to the outer tube in the three ram assemblies. It normally
moves while the ‘B’ ram is moving, but can move independently, and extends 38.2 mm (1.5 in)
more than the ‘B’ ram tube for plug latching. It consists of a latch head and tube, two ball screw
assemblies, hydrostatic seals, a drive unit, and a potentiometer assembly for position feedback.

1.8 Latch Ram Drive

The latch ram drive motor is mounted outside the gearbox ana .s powered by the
F/M oi! hydraulic system. The gear system is contained in the gearbox enclosure and is
constantly bathed in oil (Figure 3-33).

The latch ram manua! drive has a similar construction 1o that on the ‘B’ ram
manual drive, It is used only in an emergency for positioning of the latch ram.

74.2 Latch Ram Potentiometer Assembly
The construction and arrangement of the latch ram potentiometer assembly 1s
similar to that on the ‘B’ ram potentiometer assembly.

The latch ram potentiometer continuously feeds electrical signals to both the
digital computer and the control console, to control the motion of the latch ram, and monitors the
position of the latch ram for the operating personnel.
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The rear end of the ‘C’ ram tube is screwed to a ‘C’ ram piston assembly, The
piston moves in the annulus between latch ram and tube No. 3 50 that when the "B’ ram reaches
its extreme forward position, it will provide the F/M an additiona! ram length.

The *C' ram has a 127 mm (5 in) overtrave! before 1ts piston hits the latch ram
trunnion s0p. The Belleveille washers of the ‘C' ram piston acts as a cushion. This
arrungement balances the dimensional changes due to temperature change in the different tubes
when they lock onto a plug and move it from the hot D;O environment of an end fitting to the
relatively cooler environment of the F/M magazine.

7.6.1 ‘C' Ram Drive

Since the ‘C’ ram is powered by the F/M DO system. it will not stop at any
preset position and stops only when it hits an object. The travelling position of the 'C’ ram 18
indicated by a tape drive assembly. The ‘C’ ram, with a ram adaptor, is used to push the fuel
bundles to their final position in the reactor.

When ‘C' ram advances, D;O enters the annular space between tubes No. | and
No. 2 through a drilled passage in the ram rear forging. It flows forward in this annulus to the
back of No. 2 tube piston where it passes through holes to the annular space between tubes No. 2

and No. 3. It then flows backward in this annulus to holes near the back end of No. 3 tube where

it enters the back space of ‘C’ ram piston. The D;0 pressure, therefore, exerts on the 'C’ ram
piston and pushes the ‘C’ ram forward.

When ‘C’ ram retracts, D;O enters tube No. | inside space through a drilled
passage in the ram rear forging. It flows forward to the front end of tube No. | through the
opening of No. 2 tube piston and enters the front part of tube No. 3. Passing holes in the front
part of tube No. 3, D,0 then flows into the annulus between No. 3 tube and *C’ ram tube. It
then flows backwards in this annulus to holes near the back end of *C’ tube where it enters the
front space of ‘C’ ram piston. The D;O pressure. theretore, exerts on the ‘C’ ram piston and
pushes the 'C’ ram backwards.

7.6.2 Tape Anchor Assembly

A tape anchor pin joins the tape, the tape anchor and the tape anchor weight
together. The tape which passes through tube No. 3 support is kept in a horizontal position. The
tape anchor is sealed in a tape anchor plug. The plug is held by a retaining ring in the rear of 'C’
ram head. The function of the tape anchor assembly is to prevent twisting of the tape if the ‘C’
ram turns when it moves.
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763 Tape Drive Assembly

The tape drive assembly (Figure 3-36) is housed in a blank cylindrical pressure
vessel which is mounted at the rear end of the ram rear forging. The pressure rating of the vessel
1s .6 13 MPa (2340 psi) at 148.8°C (300°F) but the normal temperature will not be higher than
79°C (175°F). The assembly consists of tape, pulley, spring motor gears, drive shaft and four
wire-wound potentiometers. The tape drive housing has a drive housing cover and &
potentiometer cover. The tape drive housing is pressurized by F/M D,0 supply system. The
potentiometer cover is bolted to the drive housing and contains air at atmospheric pressure. The
drive shaft passes through the drive housing cover where it is supported and sealed.

The tape front end attaches to the tape anchor assembly which seals the ‘C' ram
front end and its rear end winds around the tape driven pulley. When the 'C’ ram advances, it
pulls the tape forward. This not only gives a torque to the pulley to rotate the drive shaft, but
also winds the spring motor to provide a tension in the tape itself. Once the drive shaft is
turning, it turns the potentiometers through a set of gears. These potentiometers will give a
continuous indication of the ‘C" ram position providing electrical feedback signals to the digital
computer and the control console.

7.7 RAM POSITIONING

: To achieve the seauences of various operations. such as pick-up of shield plug,
. installation of guide sleeve, etc., the computer controls the ‘B’ ram positioning by a positioning
loop program. This enables the ‘B’ ram and laich ram to go to the preset position to accomplish
the assigned job.

The ‘C’ ram cannot be positiored like the "B’ ram or latch ram, but its feedbacks
are checked against a set point for positioning accuracy  Unlike the ‘B’ ram operation, the ‘'C’
ram can only be advancing, or retracting, to stall against an obstruction. Using a ram adaptor,
the *C' ram pushes the fuel bundles into the fuel channel upstream, or maintains a pressure
against the fuel bundle column from the fuel channel downstream. The *C’ ram is also used to
discharge the irradiated fuel bundles from the F/M magazine onto the irradiated fuel elevator
ladle via the imadiated fuel port.
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8. F/M RAM ADAPTOR

8.1 PURPOSE

The ram adaptor provides:
1. a suitable face for contacting the end plate of a fuel bundle.

ii. Itcentralizes the ‘C’ ram, minimizing sagging of the ram during operation in a fuel
channel.

iii. provides a buffer zone, absorbing neutrons emitted by irradiated fuel bundles,
consequently preventing both fuel bundles and ram head from overheating.

8.2 COMPONENT DESCRIPTION

The ram adaptor consists of five parts. The ram adaptor body (Figure 3-37,
Item 1) provides the contact face with the fuel. The face is machined to simulate a fuel bundle,
so that the gap between the rani adaptor and a fuel bundle is identical to the gap between two
fuel bundles. Holes in the adaptor body provide for a through flow of D;0 through the ram
adaptor. Contained within the adaptor body is the adaptor sleeve (Item 2) which is preloaded
towards th: F/M end by an inner and outer spring (Items 4, 5). The stem (Item 3) which is
machined from a solid piece and is centrally connected to the adaptor body, provides a shoulder
for the adaptor sleeve and engages the F/M ‘C’ ram.

8.3 OPERATING PRINCIPLES

8.3.1 Pick-up From Magazine Station

The steps involved are illustrated in Figure 3-37. After the correct magazine
station has been selected, the " M ‘B’ ram head is advanced such that the ram deflector rod
contacts the stem of the adaptor located in the magazine station (View 1). The 'C’ ram is then
advanced which causes the balls in the ‘C’ ram head to ride up the incline of the stem. The
protruding balls come in contact with the adaptor sleeve, causing the sleeve to move forward
against the springs (View 2). Further ‘C’ ram advance motion causes the ‘C' ram balls to drop
behind the stem major diameter. The adaptor sleeve is now free to move back under the force of
the springs and in 50 doing entraps the ‘C" ram balls. Thus the ‘C’ ram is locked with the ram
adaptor (View 3). Retraction of the ‘C’ ram will overcome the spring force of a small plunger
(built into the magazine station to hold the ram adaptor in its storage position) and will cause the
ram adaptor to stall out against the front face of the ‘B’ ram head. With continued ram ‘'C’
retract motion, the ram adaptor thus becomes an extension of the ram head, suitable to contact
and push the fuel string,
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8.3.2 Deposition in Magazine Station

With the correct magazine station selected and the adaptor on the ram head
locked to the ‘C’ ram, which is selected for retract, the ‘B’ ram is advanced until it stalls out
against the locating bar in the magazine station (View 4). The latch ram then is advanced which
pushes the adaptor sleeve back against the spring (View §). Once the larger sleeve inside
diameter reaches the plane of the ‘C' ram balls, the ‘C’ ram balls become unlocked and ram ‘C’
is free to retract to its home position (View 6). The ram adaptor is now disconnected from the
ram head and secured in its magazine storege position.
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9. F/M GUIDE SLEEVE ASSEMBLY
9.1 PURPOSE

The channel closure seal face in each channel end fitting forms a step in the
channel, the bore of the channe! being smaller than the bore of the end fitting. This
discontinuity forms &n obstruction to the smooth passage of fuel bundles and the shield plugs
through this region. A guide sleeve is stored in the magazine and is moved partially into the end
fitting, when the channel closure is removed to provide 2 smooth bore for the passage of fuel
bundles and shield plugs between the magazine and the fuel channel.

The guide sleeve is moved between the magazine and the F/M snout by the F/M
rams 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 magazine and are held there by means of a locating tube and
a spacer located in the magazine tube. The guide sleeve and tool can only be installed in or
removed from the head by disconnecting and removing the ram assembly from the magazine
housing.

9.2 COMPONENT DESCRIPTION

The guide sleeve assembly is purely mechanical and there is no process system or
instrumentation associated with it. Figure 3-38, upper view, shows the guide sleeve assembly i
its F/M magazine storage condition while the lower view shows a cross-section of the guide
sleeve 100l insertion only.

92.1 Guide Sleeve

The sieeve 1s about 660 mm (26 in) long, with an inner diameter equal to the fuel
channel diameter of 104.0 mm (4.094 in), and an outer diameter equa! to the channel closure
diameter.

The rear section of the sleeve (Figure 3-39) has three outer keys, two of which are
mounted rigidly to the sleeve body. the third key is part of a rotatable ring segment, called the
‘latch ring’, and is located between the two fixed keys. It is this latch ring that provides the
locking functicn of guide slesve to F/M snout and guide sleeve to the insertion tool respectively.

Internally, the rear section of the sleeve has three similar keyways, two fixed, in
line with the latch tang, and the third on the inside diameter of the latch ring between the two
keyways. A second set of three keyways is located 120° from the main set to mate with the
corresponding key arrangement on the insertion tool.

When the outer keys are 30° out of line, the guide sleeve is located in the F/M
snout. When the outside keys are out of line by 30°, the inside keyways are in line. At this
condition, and only at this condition, the insertion tool can can be withdrawn from the guide
sleeve as it features a similar key arrangement, that is, two fixed outer keys and a rotable center
key. The spring-loaded latch tang adjacent to the latch ring locks the ring in place when the keys
are out of line by 30°, that is, when the guide sleeve is located in the F/M snout. The entry of
the guide sleeve tool into the sleeve depresses the latch tang and thus allows rotation of the latch
ring. The front stationary key on the insertion tool releases the latch tang .
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The keyway configuration in the F/M snout ¢center support eng ges the guide
sleeve keys. The guide sleeve cannot rotate because its two fixed keys are lov ted in the
keyway, and the key on the latch ring is locked out of line which prohibits any axial movement.

The two cut-outs in the rear end of the guide sleeve provide for access of the F/M
separator mechanisms to fuel bundles, and other components passing through the sleeve.

Summarizing the important guide sleeve features:

a. Keys on the outside out-of-line by 30° implies keyways on the inside are in-line. In this
condition, the guide sleeve is locked in the F/M snout and the insertion tool can be
withdrawn from the guide sleeve.

b. Keys on the outside in-line implies keyways on the inside are out-of-line. In this condition,
the insertion tool is locked into the guide sleeve and the guide sleeve can be withdrawn from
the F/M snout.

o

There is also an arrangement where the latch ring has rotated only 15° instead of 30°
(Figures 3-39 and 3-40). In this condition, neither keys nor keyways are aligned and the
guide sleeve and insertion tool remain locked together. This partial stroke is required when
transferring the guide sleeve to and from the F/M magazine and is possible in one specific
location in the F/M magazine only.

92.2 Guide Sleeve Insertion Too!l

The guide sleeve insertion too! is shown cross-sectioned in Figure 3-38, lower
view. The front half of the too!l up to the shoulder engages into the rear of the guide sleeve,
while the larger diameter rear section fits into the magazine locating tube and also engages with
the F/M ram ‘B’ head.

The tool's function is to translate the linear motion of the F/M latch ram into a
rotary motion required to manipulate the guide sleeve latch ring while also serving as an adaptor
between ram head and guide sleeve. The translation of motion is effected by the ball spline
assembly, which consists of two outer races and and inner race. When assembled, one of the
outer races is fixed to the tool body and the other is mounted on two bearings so that it can
rotate.

The ball spline inner race (Figure 3-38) has two sections a straight spline section,
and a helical spline (or screw) section. This translates to axial motion on the inner race in order
to obtain the 30° rotation required on the helical spline outer race for guide sleeve operation.

The ball spline straight outer race is keyed to the tool body and is positioned on
the straight spline section of the common inner race. This outer race allows for axial motion of
the comn n inner race, but does not allow it to rotate.

The ball spline helical outer race is mounted on bearings and positioned on the
helical spline section of the common inner race. Therefore, when the common inner race is
pushed in, the helical outer race will rotate.
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The helical outer race incorporates locking ears which extend through cutouts in
the too! body to form part of the key arrangement on the outside of the guide sleeve tool.
Rotational positioning of the helical outer race with its locking ears is a function of the F/M
latch ram movement. The locking ears on the tnsertion tool, in turn, position the guide sleeve
latch ring, thereby controlling the alignment of the guide sleeve outer keys.

There are three keys on the insertion too!: two are mounted rigidly to the tool
body while the third one is the locking ear which is part of the helical outer race. This key
arrangement is duplicated on the guide sleeve tool to obtain a better torque transmission from the
100l to the sleeve. The lower view shows the two locking ears while for clarity only one set of
the fixed keys is shown.

A circumferential groove is provided in the end of the too! body for latching ¢
the F/M ‘B’ ram balls. The F/M latch ram head contacts a spring-loaded push ring which i
ngidly connected to the inner race. The inner ruce is pushed in when the latch ram advances,
and is spring-returned on retracting the latch ram. In addition to the springs behind the
push-ring, there is another spring in the front of the too! which is relied on to assist in pushing
back the inner race. The inner race has a hole through its center through which a rod passes.
One end of the rod is the ‘C" ram shaft end while the other end reacts against the spring
arrangement. The rod and stem end have no direct involvement in the operation of the tool.
They merely safeguard against inadvertent too! actuation by the F/M ‘C’ ram. If the *C" ram
were to advance accidentally, it would contact the ‘C' ram shaft end and depress the front spring
until the slide bottomed out against the front cover. No actuation of the inner race would occur
as the clearance in the front spring arrangement 1s less than the clearance between the shaft end
and the ball spline inner race.

The insertion tool is kept aligned angularly in the F/M magazine guide sleeve
station by a key mounted on the too!'s outside diameter. Longitudinal cut-outs on either side of
the key allow for clearance with two small lugs that protrude into the inside diameter of the
locating tube. These lugs engage the tool's moveable keys and locate it axially in its magazine
storage position.

923 Locating Tube and Spacer

The locating tube and spacer tube are located against a shoulder in the F/M
magazine guide sleeve station. They arc held in place axially by a retaining ring while a key on
each tube ensures correct radial position.

On removing the retaining ring, the whole assembly can be pulled from the F/M
magazine, once access has been provided by removing the F/M ram assembly

The latch ring key prevents any axial motion of the guide sleeve so that it canno
be advanced from the magazine storage position until the latch ring key has been rotated through
15° to navigate around the lug in the locating tube. The 137 rottion, however, 1s not enough to
release the guide sleeve from the insertion tool. This allows the insertion tool to lock the guide
sleeve securely in the magazine locating tube, while ttself remaining locked to the guide sleeve
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10. F/M SNOUT PLUG

10.1 PURPOSE

The snout plug is used to sea! the snout of the F/M head when the F/M is off the
reactor. The interior of the F/M head can then be maintained full of water at controlied
temperature and pressure, as required, to maintain cooling of the spent fuel while in transit from
the reactor fuel channel to the irraciated fuel port.

The snout plug also serves as an isolation device for leak testing the channel
closure sea! prior to unclamping the F/M from the reactor end fitting after refueiing, and for leak
testing the F/M snout seal prior to opening the channe!.

As a side benefit during maintenance, the snout plug prevents the spread of
contamination, such as trinum and air-borne particulates, and provides shielding against direct
radiation from the F/M magazine. Contamination will usually be present in the magazine since
it has contact with irradiated fuel.

10.2 COMPONENT DESCRIPTION

The F/M snout plug (Figure 3-41) is composed basically of two parts, the latching
. mechanism and the seal assembly. Operation is shown in Figure 3-42,

The latching mechanism, which makes up the rear haif of the plug, has four jaws
which are extended by a spider mechanism. These four jaws 1~ ate the plug in a groove in the
F/M snout center support.

The spider movement is achieved by the F/M latch ram head pushing the spider
Jown by means of four latch pins. This is necessary as the F/M snout plug operation requires
two independent actuations, latching and s= "ng.

The front end of the snout plug is comprised of the seal assembly, whicti is
screwed onto the latch assembly. The seal assembly contains a large elastomer O’ ring seal and
the associated mechanism required to expand and retract it.

Expansion of the O’ ring, to make « radial seal, is achieved by mounting the
O’ ring on a fixed diameter and applying an axiz: squeeze. This causes the O’ ring to bulge out
and make a seal on the F/M ~enter support bore. The axial squeeze is applied by a spring, which
activates the links that move the squeeze ring onto the O’ ring. Retraction of the O’ ring is
obtained by pushing the pliager to compress the spring and actuate the links to move back the
squeeze ring, unloading the O’ ring. The O’ ring retracts by freely returning to its natural - ¢
in the retracted condition.

The F/M magazine has a tube position suitable for storing the snout plug during
channel fueling and fuel transfer operations. When the snout plug is deposited in the magazine,
the O’ ring is in the compressed and extended condition. A relief diameter in the F/M magazine
bore is provided to prevent permanent setting of the O’ ring and subsequent reduction in seal
. effectiveness.
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11. COOLANT CHANNEL CL.OSURE
11.1 PURPOSE

The purpose of the channel closures i to reliably seal the ends of the coolant
assemblies in order to prevent the escape of heavy water from the end fittings, under all modes
of reactor operation. There are 380 coolant channel assemblies in a CANDU 6 reactor, with 2
closure at each end, for a total of 760 channe! closures. Thus, even smal! leaks would result in
high demands on the D0 collection and upgrading systems.

The normal operating conditions of the primary heat transport system against
which the channe! closures seal are 11.24 MPa (1630 psig) and 266°C (511°F) at the flow inlet
end fittings, and 10.34 MPa (1500 psig) and 310°C (590°F) at the flow outlet end fittings. The
design objective is to limit the leakage from the closures under these conditions to & maximum
of 10 g (0.35 oz) of heavy water per day per closure. Actual long term leak rates have been
found, typically, to be in the range of zero to | g (0.035 oz) per day per channel closure.

11.2 COMPONENT DESCRIPTION

11.2.1 Closure Locking Mechanism

The basic element of the closure design is a flexible metallic seal disc
(Figure 3-43, Item 12), which makes a face seal agaiast a shrunk-in ring in the end fitting. The
seal disc 1s supported and retained by the body of the clocare, which is held in position by jaws
(Item 6) engaging a groove in the end fitting.

During fuel changing, it is necessary to withdraw these closures. This is
accomplished by the F/M which connects oo the end fittings, removes the closures and stores
them in the magazines. Following the refueling, the closures are reinstalled in the end fittings
prior to unclamping the F/Ms.

The locking mechanism in the channel closure is referred to as a toggle-jaw
mechanism to differentiate it from the type of mechanism used in the shield plug. In the channel
closure, the jaws (ltem 6) are moved by toggles (Item 7), which are fastened to a spider
(Item 13) and stem (Item 14), When the mechanism is locked in an end fitting, the toggles do
not play any part; the ‘aws are actually wedged against the end fitting by the taper on the spider.
To assist in the extens on of the jaws, and to keep them extended while the chanrel closure is in
the F/M magazine, the spider is spring-loaded against the front housing (Item 1) by four helical
springs (Item 3).

To facilitate the manufacture of this closure, the housing is made ‘n two pieces,
the front housing (Item 1) and the rear housing (Item 2). These two housings are held together
by four cap screws (Item 8), which are installed from the rear in such a way that it is possible to
dismantle the channel closure, if it ever became jammed in an end fitting

The seal disc (Item 12) is retained in position on the front of the closure by means
of a loosely fitted seal disc pin (Item 9). The pin is, in tumn, kept in place by one of the four cap
screws, The raised annular ridge on the iront housing, where it contacts the back of the seal
disc, is called the rocker seat. ‘
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. 11,22 Safety Mechanism

Independent safety mechanisms prevent onc of t » F/M rams, operating
inadvertently, to unlatch one of these closures. Each of these safety devices consists of a bar
spring (Item 10), located in the spider, and a safety latch (ltem 11), attached to *he otber end of
the bar spriug. If the hydraulic ‘C’ ram of the F/M was to advance by itself and hit the cnannel
closure, the safety latches would be jammed axially between the siem end (Itern 5) and the inner
sleeve of the rear housing. This would prevent complete movement of the spider and stem
assembly into the closure, and would prevent the withdrawal of the jaws from the end fiting. In
normal operation, the F'M latch ram is used to unlatch the safety lawchec, after all three rams are
in their correct position. If the ‘B’ ram advances with the lcich ram in the ‘unlatching’ positicn,
the protruding ‘B’ ram balls would prevent it entering the channe! closure housing.

11:2.3 Seal Disc
The seal disc is installed in the following munner:

The seal disc is deflected by the ‘B’ ram at both the center, through tie plunger
(ltem 4), and the rocker seat on the front housing. The plunger has a 0.89 mm (0.035 in) offset
to provide a greater disc deflection at the center. As the jaws are wedged into the e fitting
groove, the reaction ot this force on the front housing rocker seat provides additional force on
the disc.
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12. COOLANT CHANNEL SHIELD PLUG

12.1 PURPOSE

The shield plug serves two main functions:
a. it provides a radiation shield at both endls of the fuel channel
b. it provides the means of locating the fuel bundles in the fuel channel.

12.2 COMPONENT DESCRIPTICN

The shield plug ¢onsists of urree basic parts. The fuel adaptor and flow tube
(Figure 3-44, hems 14 and 13) provide a suitab2 contact fac . for the fuel column and factlitate
free channel coolant flow, The center section of twe shield lug is a solid stainless steel body
(ftem 1)) which se;ves as a radiation shield. The outer end of the shield plug is the lawch
mechanism (item 10), which serves 1o hold the shield plug in place in the end fitting liner tube.

The shicld plug rests on two war rings. One is machined from the latch
assembly casing, and the other is a separate wear ring (Item 12) press-fitted onto the shield body.

The fuel adapror is press-fitted onto the flow tube and spot welded in two places.
'The flow tube, it turn, is & press-fit on to the end of the shield body and is locked in place by
means of a groove pin (Item 15) inserted on assembly. At the other ¢nd of the body, the latch
mechanism casing is a press-fit onto the body, and, in addition is locked in place by two
tangential roll pins (Item 9).

The latch mechanism consists of a spider and jaw assembly housed in a casing
(Item 1) in which the spider stem assembly can move back and forth. As the spider (Item 6) is
moved axiaily, the eight jaws (Item 4) move raclially, riding on the angled fingers of the spider.
Four spider springs (Item 8) situated between the spider and Lody of the shield plug, maintain
the spider in **  ~osition at which the jaws are extended. The stem end (Item 2) is fastened to
tre> outer end of the spider stem (Item 3), onto whi~h the F/M ‘C’ ram can be locked. Advancing
the F/M ram into the assembly will overcome the spring force on the spider and retract the jaws.

In addition to the basic mechanism described so far, there is a safety mechanism
to prevent the jaws being wit“Arawn if an acvidental axial force is put on the stem end. This
might happen if the ‘C' ram of the F/M were to advance uncontrolled. This safety mechanism
consists of a safety latch (Item 5) and a safety spring (Item 7). When the shield plug is stor «d in
the magazine, or is properly installed in the end fitting, the safety latch has its major diame er
underneath the jaws of the shield plug. If an accidental axial force is applied to the stern enl, the
jaws can only move inwards about 0.5 mm (0.02 in.) before they jam up on the major diame 21
of the safety latch sleeve., This prevents the removal of the shield plug from the tagazine ¢
from the end fitting except when the entire F/M ram head assembly is in the proper positior to
do so.

The F/M cannot release the shield plug at a position where the jaws will not
exten into & groove, since the F/M ram head is provided with mechanicully interlocking balls to
prevent the release of the shield plug in any position other than where the jaws are fully
extended.
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It is dirnensionally possible for the shield plug o enter the reactor core, but the
‘B’ ram stroke is physically restricted to safeguards against this. Provision has been made to
ensure that the coolant channel flow is not entirely blocked should the ram stroke limit be
reached. Two possibilities of blockage could exist if the shirid plug deached from the ram head
and went down the channel. The firsi case is when the shield plug is in the main coolant
channel, in which case it would obstruct flow in the axial direction. The second case is when the
shield plug body or the casing is situated directly underneata the flow holes in the fuel channel
liner tub=. In this case it would obstruct flow in or out of the channel

The first flow blockage problem was sulved by providing a series of holes
through the latch mechanism past the rear wear ring, then reducng the outside diameter of the
solid shield plug body, and providing a series of holes past the second svear ring, to permit at
least 33% of the nommal flow to pass the shield plug. The second flow blockage problem was
partially solved in solving the first. Since the outside diameter of the body is reduced, there is
no longer any problem of the shield body blocking the flow holes in the liner tube. In the
situation where the shield plug latch mechanism casing it opposite the flow holes in the liner
tube, there is not quit' enough flow area, so two additional rows of eight holes were drilled
through the casing on either side of the jaw holes. With these two sets of holes and the clearance
around the outside of the casing, there is sufficient room 10 prevent any significant blockage of
flow should the casiag come ‘nto a position in front of the flow holes in the linear tube. It must
be emphasized, however, that this occurrence would be extremely unusual. The ¥/M ‘B’ ram,
cannot move the shield plug any further forward than about 50 mm (2 in) from the nominal
installied position, since the ram then reaches its forward mechanical stop. In additiop, there are
che~ks by the F/M separators, every time a shield piug is removed, to ensure that there actually
is a complete shield plug there.
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The tube adaptor section is the major departure from the fixed orifice design of
the Pickening tool. Most of the total tool pressure drop is across the tube adaptor section. This
section comprises tae tube < Aaptor body ring orifice, spring, spring holder, and four pins. The
four bypass slots +  ‘he tube adaptor are sufficiently wide that when Cw ning wifice moves a
small amount axialiy, the total flow ared in the tube adantor s stion increases significantly.

The spring length supporting the ring orifice is such that full ring orifice travel
results in & small increase in the spring force which is balanced by the hydrauliz drae across the
ring orifice. Therefore, the hydraulic drag (and pressure drop) across the tube acaptor section
increases very little for large increases in flow through the bypass slots in the rube adaptor. The
ring orifice has circumferential grooves machined into its outside diameter in order 1o increase
its pressure drop. By this means, the annular gap between the pressure tube and ring orifice can
be large thereby making the pressure drop less sensitive to pressure tube bore variations,

The zircaoy tube makes the total length of the 1ol equal to approximately the
length of two bundles so that it can be hand'ed conveniently by the fue! handling system. This
component is made of zirciloy in order to reduce the neutron capture cross section of the tool to
@ minimum. The two ianes of eight drain holes in the tube section ensure that the pressures
inside and outside of this tube section are approximately equal.

133 OPERATION

The tool is carried in the F/M magazine and is pushed into the channel in the
same muanner as fuel bundles after the last new bundle is inserted in the channel. The 'C' ram
pushes the ool and fuel string until the ram adaptor face 1s just inboard of the coolant inlet and
the too!l is functioning under the influence of the coolunt. Irradiated fuel bundles are discharged
from the downstream end of the channel in the normal manner with the 100l pushing against the
upstream end of the sting and following its movement back and forth unul the remaining twelve
bundles are placed in their normal in-core position. With the string in position, the FARE 100l is
removed from the ¢ ¢+ el by the charging (upstream) machine 'C' ram which latches onto it in
the same manner as to (e ram adapter. The tool is withdrawn and stored in the magazine unul it
is needed again, or until it is discharged to the irradiaced fuel bay while the F/M is being
serviced.

Eight fuel bundles are normally changed during FARE fueling. Normal fueling
operations on non-FARE channels also change eight bundles. The main difference between the
automatic sequences controlling each fueling mode is the extra steps required for FARE tool
insernon and recovery.

As the FARE 100! first intercepts the flow from the liner tube holes, the flow will
pass over the tool OD and through the drain holes in the zircaloy tube section to pass through the
fuel adapter. The channel flow restriction at this condition is insignificant. As the ring orifice
passes the liner tube holes, the flow is divided by the ring orifice and with further tool movement
the tota! channe! flow passes through the tube adapter section. This is the tool position for the
maximum chinnel flow restriction. At this position the ring orifice will have moved and
uncovered the bypass slots for all channe! flows. As the tool maves into the core pushing fuel
bundles into the downstream F/M, the channel flow will increase and the ring orifice will move
to increase the bypass slot flow area.
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- 14 F/M BRIDGE

14.1 PURPOSE

The F/M bridge provides the means of supporting the ¥/M and its carriage at the
ceactor face. It positions the F/M to the desired horizontal row of fuel channels, using the coarse
‘Y drive system, and holds this position during subsequent carriage traverse (coarse ‘X"), fine
homing, locking on and fuel cuanging procedures.

142 COMPONENT DESCRIPTION

14.2.1 Bridge Assembly

Each bridge assembly consists of two fixed columns and a bridge beam, which
travels vertically on the columns by means of four ball screws, two on each calumn
(Figure 3-46). The bridge beam is fabricated froim two hollow L-shaped steel beams, which are
interconnected and diagonally braced by a series of rectangular section steel beams. It is
supported at each end by two cam followers supported on bearing blocks on the column
elevators. The cam followers permit limited axial and horizontz] movement between the bridge
and the elevators. Each cam follower is seated in a bearing block attached to the elevator. Two
of these bearing vlocks have oversized grooves to allow for axial movement of the bridge beam
at one column, while the other two bearing blocks hold the cam followers rigidly 1o axially
locate the bridge beam to the opposite column. The bridge beam incorporates rails, on which the
F/M carriage travels horizontally and paralle! to the reactor face.

The total vertical truvel of the beam is the distance from the maintenance lock
port elevation to the uppermost fuel channel plus 76 mm (3 in) overtravel. This is equal to a
total travel of 6,66 m (21.9 ft). Solid stops position the bridge in line with the maintenance lock
trucks. The arrow side of each bridge beam extends beyond the column, such that, when the
beam is in its lowest position, the carriage, F/M and catenary are free to pass under tue lower
end of the column during transfer operations between the maintenance lock and the reactor vault

The bridge must span approximately 11 m (36 ft) between the two columns  The
two bridge assemblies, one at each end uf the reactor, are approximately 15 m (50 ft) apart.
Each column is a welded T-shape fabrication. Two 76.2 mm (3 in.) diameter roundways on each
column guide the elevator. Two stationary ball screws are supported from a head bracket bolted
to the top of the column, and are located laterally by two brackets at the bottom.

One column is supported from the floor on a fabricated lower column and
restrained near the top and at mid-height by herizontal bracing t= .ae building wall, The
opposite column is entirely supported from the building wall, and terminates at the lower end of
the elevator travel. This enables the F/M carriage to pass under the column, when transferring
from the reactor vault to the maintenance lock. The column support structure terminates above
the bottom of the column 1~ 'cave space for the shielding door to traverse between the ceciumn
and the building wall. An e._vator is mounted on each column to support the bridge beam, and
is guided ard secured to the two column roundways by eight roundway bearings. The four
bearings in contact with each roundway are rigidly mounted while those on the other roundway
are spring-mounted to compensate for tolerances in the parallelism of the two roundways.
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1422 Drive Unit Assembly

Each elevator is supported and moved vertically up and down the column by two
ball screw jacks mounted on the elevator and engaged with stationary ball screws on the column
The two ball screw jacks on each elevator are driven by a double-ended, two-speed induction
motor through two miter gear boxes. An electrically released, spring-actuntad brake is mounted
on each ball screw jack and 1s connected to one end of the ball screw jack worm shaft (inset
Figure 3-46).

The two elevator drive systems on each bridge wre interconnected through two of
the miter gear boxes by a drive shaft mounted on the bridge. This allows the bridge to be driven
by either motor. A shaft encoder is coupled t0 the second miter gear box on each elevator 1o
provide position information to the control system. The bridge position is normally sensed by
the encoders, but limit switches are provided to stop motion if the norma! limits of travel are
exceeded. Mechanical stops are aiso provided.

14.2.3 Instrumentation and Contro!

Motor control is normally performed automatically by the control computer, but it
may be controlied manually by switches on the contro! console. A single MAN/AUTO switch
allows manual control of both motors and the four brakes. When in the MAN position, each
bridge motor can be controlled independently for UP/STOP/DOWN und FAST/SLOW
operation, the UP/DOWN selections automatically releasing the bridge brakes through contacts
in the motor starters. Motor control is interlocked by a series of relays in related systems to
prevent hazardous operation, and are effective during both manual and automatic operation. An
interlock bypass switch, located under a locked cover, permits the interlocks to be overridden.

Four spring-actuated, electrically released brakes are mounted on each bridge,
two on each elevator. They are normally controlled from the control computer, but they may be
controlled manually from the control console through a MAN RELEASE/ENGAGE switch in
conjunction with the AUTO/MAN switch.

The position of cach bridge is detected by two shaft encoders, driven from the
input shaft of each ball screw jack. A relay is actuated to stop bridge motion, when the encoder
outputs are out of synchronization.

Electrical power and conrol signals are connected to the bridge assembly through
two power tracks on one column.
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18, F/M CARRIAGE

15.1 PURPOSE

The carriage supports the F/M head in the maintenance lock and at the face of the
reactor. It travels along the tracks in the maintenance lock and along the tracks on the bridge in
the reacior area. In addition to the coarse ‘X' motion (horizontal), the carriage also provides fine
X' motion, fine 'Y' motion (vertical) and ‘Z' motion (direction of reactor axis) and allows a
controlled amount of rotation of the head about the horizontal and vertical axes. Coarse 'Y’
motion is provided by the bridge that supports the carriage. The carriage also serves as the
termination point for the main catenary loop and carmies the catenary frames and ‘Z' motion hose
and cable loop. The clamping mechanisms securely anchor the carriage 1o the bridge rails when
the F/M is clamped to a channe!l end fitting, to ensure that excessive loads are not applied to the
end fitting by the F/M during a seismic event.

15.2 COMPONENT DESCRIPTION

The F/M carriage (Figures 3-47 and 3-48), can be divided into a drive unit
assembly including four carriage clamping mechanisms, and a gimbal assembly.

15.2.1 Drive Unit Assembly

The drive unit assembly consists of three subassemblies, an ‘X' drive unit, an
idler unit und a fine 'Y' drive unit. The ‘X' drive unit and the idler unit each have four
double-flanged wheels, mounted in pairs; which run on the crane rails on the maintenance lock
track and on the bridge. The four wheels on each unit are interconnected to enable the carriage
10 ¢cross the gap between the maintenance lock track and the bridge.

The ‘X" drive unit consists of a welded box frame, which supports the carriage
drive wheels and drive components.

The four wheels are mounted on and keyed to shafts, each of which runs in two
flanged bearing assemblies. A spur gear is mounted on the inboard end of each shaft and the
two gears on each side are interconnected by idler gears. The idler gears are in turn driven from
a double-worm speed reducer through spur gears.

The coarse ‘X' drive motor is & two-speed motor with an integral
electrically-released, spring-applied brake. The motor is connected to one end of the gear
reducer input shaft while the other end is connected to a fine ‘X' drive planetary gear reducer
through an electromagnetic clutch. The clutch must be energized to engage the fine ‘X' drive.

The idler unit is of similar construction to the ‘X’ drive unit, but without the drive
system components. The two wheels on each side are interconnected by spur gears and the spur
gears are interconnected by a shaft. A toothed sprocket is mounted at the center of the shaft to
drive a shaft encoder through a roller chain. This encoder provides ‘X' moton position
information to the contro! system.
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1§23 Instrumentation and Contro!

Motor, clutch and brake control for the coarse and fine ‘X' motion drives is
normally performed automatically from the control computer, but manual control from the
control console is possible.

The position of the carriage on both the maintenance lock tracks and on the
bridge is detected by a shaft encoder, driven by a roller chain from the carriage idler unit wheel
shaft. This provides a signal which is utilized by the control computer to provide carriage
position control and console CRT display. There are also two position switches, mounted on the
carriage, that are actuated at a point just beyond the end of normal carriage travel. When
actuated, the switches provide signals to the control computer and also illuminate indicating
lights mounted on the fue! handling contro! console.

A solenoid valve controls the operation of the two double-acting ‘Z" drive
hydraulic cylinders that provide ‘Z' motion of the carriage. Position detection is by a shaft
encoder driven from a gear box in the ‘Z" drive mechanism. A limit switch provides positive
indication, to the control computer, that the head is fully retracted and also operates a relay in the
interlock systems for the coarse ‘X' and "Y' motions.

Position indication for the *Y ' drive mechanism is also from a shaft encoder. The
‘Y’ correction drive system hydraulic motors are controlled by a solenoid valve, for which
. normal control is from the control computer in response to signals originating from the
‘Y’ correction potentiometer.

During the homing operation, the head is allo'ved to pivot through an angle of
approximately 40 minutes each side of the centar position ia the horizontwal and vertical planes.
This movement is sensed by two linear petentiometers, one mounted on the ‘X’ centering
mechanism ana one on the 'Y’ centering mechanism. The signal from the potentiometers is used
as an analog input to the control computer, to drive the ‘X" and ‘Y’ correctica drive systems, and
to drive a digital voltme ter on the control console.
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16.2.2 Catenary Trolley

The catenary trolley supports the end of the catenary loop in the maintenance
lock. It consists of two longitudinal beams, interconnected by two transverse members. A dual
roundway bearing is located at each end of the longitudinal beams. These bearings run on two
roundways mounted on two wide flange beams which extend almost the ful' length of the
maintenance lock.

A bracket 1s mounted oo top of one of the trolley transverse beams 1o allow the
trolley 1o be moved if the drive system fails. This bracket is shaped so that the hook of the
maintenance lock crane will automatically engage it, when the hook is correctly positioned.
When the hook is engaged, and the trolley drive system is disconnected, the crane can be
truversed 1o pull the trolley in either direction.

The catenary trolley is chain-driven from a drive unit mounted below the trolley
rails. The dnve unit consists of a double-reduction worm-gear reducer, a drive motor, a torque
limiter coupling and an output shaft, which carries a drive sprocket. The gear reducer is dnven
by a directly coupled reversible induction motor. The drive metor shaft is double-ended. A
square-ended adaptor is mounted on the lower end of the shaft 1o allow the trolley to be
manuilly driven under breakdown conditions, or for maintenance purposes,

Trolley position is continuously detected by a shaft encoder, driven from the end
of the drive unit extension shaft. The control system positions the trolley relative to the F/M
carriage such that the tension in the catenary loop is kept to a minimum, while keeping it clear of
the floor as much as possible.

16.2.3 Flexible Hose and Cable Carriers

The flexible hose and cuble carnivrs (power tracks) carry the electric power and
contro! signal cables, and the D30 and hydraulic oil hoses, between the rigid piping and junction
boxes, in the maintenance lock and the catenary trolley. The carriers permit the caten, ry trolley
to travel the full length of the lock.

Each carrier consists of two flexible chain loops, which run on a steel frame
secured to the maintenance lock outer wall. The fixed end of each loop, connecting to the
various supplies, is secured 10 the support frame, while the other end is attached to, and moves
with, the catenary trolley. A series of rollers, mounted on & frame, run between the two loops
and support the upper run of each loop. There is also & set of wheels, attached to every other
roller, in order that the hose and cable carrier can move along its track and follow the
progression of the carriage.

The electric power and control signal cables are installed in a continuous length
from the junction boxes in the maintenance lock, through the hose and cable carrier, the catenary
loop and the ‘2’ motion loop to the junction boxes on the F/M cradle. The hoses, however, are
instalied in three sections, one extending from the fixed piping in the maintenance lock to the
trolley, one in the catenary loop and one in the ‘Z' motion loop. Joint Industry Conference (JIC)
hydraulic couplings are used at each position, excep: at the connection to the F/M bulkhead,
where quick-disconnect couplings are used.
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1624 2" Moiion Loop

The hoses and cebles at the F/M machine end of the catenary loop are led either
directly to the termination points on the carriage, or through the ‘2’ motion loop to the bulkhead
connections and junction boxes on the head cradlc. Figure 3-47 shows the ‘Z" motion loop
supported at its upper end on two support beams, which are mounted on the F/M carnage drive
unit assembly. Two vertical chain deflectors extend down from the support beam on the
catenary side of the camiage and deflect the catenary loop away from the F/M head when the
carriage approaches the catenary trolley. A horizontal support frame is mounted on each side of
the lower gimbal assembly of the carniage. These frames move with the lower gimbal and the
/M head during fine "Y' motion, ‘Z' motion and F/M head tilting, and support the lower ends of
the ~ables and hoses of the ‘Z' motion loop

16.2.5 Instrumentation and Control

The catenary trolleys are e2~' - *reversible three-phase induction motor.
Two methikds of control are available, ar wa!l. The control computer utilizes
these signils, in conjunctior with sim. . _aals from uie F/M carriage shaft encoder, to position

the catens ry trolley.
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17. F/M D;0 CONTROL SYSTEM

17.1 INTRODUCTION
Fuel changes in the reactor are carried out by using two F/Ms working together,
the machinegs being clamped one at each end of the appropriate channe!

In order to remove irradiated fue! and introduce new fuel it is necessary o
remove the snout plug which normally closes the end of the F/M and to “open” the coolant tube
by removiug the closure plug and shield plug from each end.

Three rams, ‘B’ ram, the latch ram, and ‘C' = 1 of the F/M are used to remove
thes~ plugs and to move the fue! along the reactor channel 1:to or out of the F/M as required.

Two “separator” assemblies on each F/M assist in controlling fuel and plug
movement. The ‘B’ ram and latch ram are mectanically operated by ball screws driven by oil
hydraulic motors. The ‘C’ ram and the separators are hydraulically operated by D70 actuated
cylinders.

A heavy water environment in the magazine housing is required because:

a. this region is in contact with the heavy water of the reactor primary system during fuel
changing, and

b. aliquid coolant is required to prevent overheating of irradiated fuel bundles in the F/M.

The F/M D;0 control system provides the heavy water environment at the
re-,uired conditions to different parts of the F/M and the controlled motive power for the F/M
m. chanisms driven by water-hydraulic actuators.

17.2 PURPOSE

The purposes of the D;0 control systems are:

a. To supply a controlled flow of heavy water to the F/M sufficient to maintain the magazine at
various desired temperatures and pressures, and, when required, to raise or lower the
temperature and pressure to a new desired level,

b. To supply a. . trolled flow of cooling water to various seals in the F/M,

¢. To supply a slow of heavy water to the ‘C’ ram in such a manner as to contro! the direction,
force and speed of movement of the ram

d. To supply a flow of heavy water to the separators, to operate the actuators of the feelers,
pushers and stops at controlled speeds and pressures.

e. To supply a flow of heavy water at controlled term perature to the ram housing

f.  To provide a method of detecting leakage of heavy water from the snout cavity (i.e., the
cavity between the F/M snout plug and the channe! closure plug) when the F/M is
mechanically coupled to an end fitting.

g. To provide a means of filling, venting and draining the F/M.
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17.2.1 Temperature Considerations

The heavy water for control of the environment in the F/M magazine housing is
provided at temperatures between 40°C and 180°C (356°F). When the ¥/M is on-reactor the
temperature control point for the magazine is 93°C (200°F). The m.gazine D;0 supply
temperature is maintained at a higher temperature to compensate for cooling flow at 53°C to the
F/M rain assembly.

The temperature difference between the primary system fluid and the fluid in the
F/M is limited to avoid excessive thermal shock to the irradiated fuel bundles which have been
exposed to the stress conditions in the reactor.

17.3 SYSTEM DESCRIPTION

17.3.1 Introduction

The D70 system, or group of circuits, which directly serves one F/M is covered in
the flowsheet general arrangement of Figure 3-51. The same flowsheet applies to the circuits for
each F/M.

The physical location of the various circuit elements which are represented above
the row of the catenary arcs is at the valve station, and the elements represented below the
catenary arcs are located at the F/M. Some of the F/M water “ydraulic circuits given in
Figure 3-51 are process water and the others are power wi

The process water circuits provide environmental control in the magazine housing
and in the ram housing; environmental control at the local regions of hydrodynamic seals on the
drive shafts for the magazine, the ‘B’ ram and the latch ram; and the detection of leakage into
and out of the cavity between the F/M snout plugs and the end fitting closure plug.

The power water circuits are for hydraulic actuation of the 'C' ram; feeler, pusher
and stop of the fuel separator, and the safety lock of the snout clamp.

For convenience in the process description, the total D0 system may be broken
down into a number of sub-circuits associated directly with individua! F/M components (Figures
3-52 to 3-55). In the following sections the text is generally in terms of one F/M since the
circuits are identical.

17.3.2 Magazine Supply Line

The magazine is supplied with D,0 at approximately 38°C (100°F) and maintains
this temperature when empty or with new fuel. On receiving a full load of irradiated fuel, the
temperature rises approximately 8C° (14.5F°).

The magazine D;0O control circuit is given in Figure 3-52. The magazine supply
line is shown on the left side of the sheet. Water enters the valve station via manual shut-off
valve and flows via the magazine supply line through the catenary hoses to discharge into the
magazine.

Before ieaving the valve station and returning to the low pressure side of the
supply system, this process water is throttled by the pressure control valve which controls
magazine pressure.
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When the F/M is at either condution (1) or (2) the return flow 1s through the
magazine return line and the pressure is controlled by valve PCV-1 in this line.

Valve positioning is derived from pressure transmitters monitoring the magazine
sense line, the resultant pressure being determined by the selected set point Duplicate catenary
hoses, each with its own isolating valve, are provided for the magazine return flow. In the event
of a ruptured hose that line may be isolated while magazine return flow is maintained through
the other line.

The check valves NV23 and NV24 are provided to prevent return of flow in the
event of a burst catenary. Two accumulators, TK1 and TK2, in the magazine return line
upstream of the control valves, dampen any sudden pressure fluctuations.

To prevent over-pressurization in the F/M head, two safety relief valves RV and
RV 2 on top of the magazine housing are set to operate at 12.64 MPa (1835 psi) and 13.24 MPy
(1922 psi) respectively.

17.3.5 Shaft Seals Circuits

The four ball screws driving the ‘B’ ram and the latch ram and the drive shaft of
the magazine pass through the pressure containment boundary of the F/M.

Hydrostatic seals are provided on the heavy water side to accommodate the high
pressure differential with a minimum of frictional losses.

A controlled flow of heavy water at a nominal temperature of $4°C (130°) is
supplied to the seals 10 maintain efficient operation. This heavy water is taken from the actuator
supply line.

Duplicate catenary hoses are provided to guarantee & supply to the seals in the
event of a hose failure. Under failure condition check valves NV4 or NVS provide remote
isolation from F/M, but hand-valves V30, or V3! must be closed to prevent continued flow from
supply.

A reduction in flow below the minimum acceptable level causes the flow
switches to give an alarm in the console room indicating “Seals Flow Failure”

17.3.6 Superflow Circuit

For some operations on the reactor it is necessary to increase the total flow into
the F/M. This additional flow is intermittent and is brought to the F/M through the “superflow”
cireuit.

A fixed orifice and needle valve upstream of the catenary are provided to
establish the required flow rate. A remote shut-off valve is actuated when the flow is required.
In case of catenary hose failure a check valve automatically isolates the F/M side against DO
loss, while the valve station side again must be manually isolated by closing the needle valve.

17.3.7 ‘C" Ram Hydraulic Control Circuit
This circuit 1s shown in Figure 3-53.
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The ‘B’ ram and 'C' ram together form a telescopic ram assembly having an
extended stroke capable of reaching through the F/M maguzine half way into the reactor
channel. Their functions include the provision of appropriate forces and movements to withdraw
and replace the snout piug, closure plugs and shield plugs, and to move fue! as required.

A third mechanism, the latch ram, has a short stroke superimposed onto the
‘B’ ram to assist in these operations. Both the ‘B’ ram and the latch ram are driven
mechanically by ball screw assemblies, whereas the ‘C' ram is powered by DO hydraulics

The ‘C’ ram is a telescoping hydraulic ram carried within the latch ram and
‘B'ram. The ‘C' ram motion is produced by differentia! pressures applied during operation.

Heavy water from the actuator supply line passing through a flow element and
control valve, is directed by a directional cortrol valve to the advance or retract side of the same
cylinders with exhaust water returning to the valve station,

The force produced by ‘C'ram re ults from the pressure, which is determined by
the setting of a control valve. The setting of the contro! valve is derived from the differential
pressure existing between the ram ports. The pressure is monitored by a differential pressure
rransmitter which provides the feedback. One side of the pressure transmitter is connected to the
magazine sense line, thus the ram operating pressure is always referred to the magazine pressure.

Five ‘C' ram forces are provided, each of which is produced when the appropriate
setpoint is selected. Ram operatng speed is regulated by friction within the ram, line impedance
end a throttling valve in the return line.

Downstream of the control valve is check valve, followed by a relief valve, This
relief valve is connected 1o relieve to the return line and is referenced to the upstream side of the
check valve. The relief valve will open when the pressure across the check valve exceeds
70 KPa (10 psi).

The differential relief valve is included to prevent hydraulic locking in the circuit,
which would otherwise occur under three separate modes of operation as follows:

a. 'C’ rum stalled against a component in the advanced position and held in this position while
‘B’ ram is advanced.

b. ‘C' ram fully retracted within ‘B’ ram while ‘B’ ram retracts.

¢. During “on reactor” fueling operations, ‘C’ ram set for “advance™ but is moving in the retract
direction, that is, being pushed by the fuel siring which in turn is pushed by the ‘B’ ram of
the other F/M.

A ‘C'ram by-pass flow is provided from downstream of the control valve to the
return line. This ensures a flow which does not fall below a minimum level to maintain control
and thus hold the pressure at a given setpoint. This is required when the ram has been driven to
a desired position and is stalled, consuming only leakage flow. In addition, the by-pass is
required to prevent overpressurization of the supply line which would raise the reference power
(and thus the cracking pressure) of the overhaul relief valve.
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Emergency differential pressure relief valves are provided to prevent build-up of
excessive ram force. Two pressure transmitiers connected in paralle! across the actuating line
sense the pressure differential between the actuating lines and provide an independent check on
the direction of motion selected.

1738 Separators Control Circuit

The fuel separators are two similar mechanisms, mounted on the F/M to separate
fuel bundles, shield plug or ram adaptor. They perform identical actions which are carried out
simultaneously,

Three independent water-hydraulic circuits are associated with the two separator
assemblies of a F/M (Figure 3-54). One circuit is for the feelers, one for the pushers and one for
the side stops.

The hydraulic supply pressure to the actuators is referenced 1o magazine pressure,
since the mechanisms operate against magazine pressure.

D;0 is taken from the actuator supply line at o temperature of about $4°C (129°F)
and a pressure of 3.43 (491), 7.84 (1138) or 16.37 MPa (2380 psi) depending on the mode of
operation, and is fed to the different circuits through a pressure reducing valve.

The pressure reducing valve has its pilot line connected to the ‘C’ ram return line
which in turn is referenced to magazine pressure. The valve is set to give an outlet pressure
3.43 MPa (490 psi) above magazine pressure.

The feeler circuit controls two feeler actuators, one for each of the two separators
per F/M. The two separators are identified as ‘left hand’ and ‘right hand’ as viewed from the
rear of the F/M. The feeler circuit provides three hyvdraulic conditions known as ‘feelers
inserted’, ‘feelers removed’ and ‘feelers float'.

The basic feeler circuit consists of supply and return lines connected through a
four-way directional valve, actuating lines and a double-acting actuator. The circuit provides
simple two-way directional control of the actuator, that is, insertion and withdrawal, Both sides
of the actuators are connected through an additional directional valve, thereby equalizing the
pressure to obtain the float condition.

The ‘feelers float’ condition applies when the feelers are riding on a moving fuel
bundle in readiness to drop into the approaching gap between bundles, and to check the presence
of fuel or shield plug.

The ‘float’ condition not only requires zero hydraulic forees on the actuators, but
also zero hydraulic restraint to movement of the actuators as the feelers must be free to move up
and down w*h irregularities on the surtace of a spent bundle, and must drop into the gap
between bundles without delay. A light downward force is exerted by a spring in the feeler’s
position feedback assembly.

The D;0 circuits for the pushers and fuel stops are identical except that the
pushers do not have a float condition and thus the directional valve for this function is not
present. In addition, twice the number of actuators are used on the fuel stop mechanisms. Again
D;0 at 3.43 MPa (500 psi) above magazine pressure is taken to the actuators on the F/M via
solenoid operated directional valves. '
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17.39 Snout Cavity Leak Detection Circuit

Two separate checks are required during F/M sequences to ensure that no F/M
snow D0 leakage exists and thai the primary heat transport system boundary remains intact
after a 1eling operation. Each check 1s carried out after the respective seal has been made as
described below, und in Figure 3-55.

The snout cavity leakage check is carried out after the F/M has been mechanically
clamped 1o the end fitting, and before the snout plug is removed. The test ensures that a good
hydrautic seal exists at the interface between the F/M snout and the reactor channel end fitting,
that is, that D;0 will not leak from the snout cavity to atmosphere.

The channe! closure leakage check is carmed out after completion of the fueling
operation and when the channe! closure and snout plugs have been replaced, but before the F/M
is unclamped. The test will ensure that the channel closure hias been properly replaced in the end
fitting and tha: D3O will not leak past the closure to atmosphere cfter the F/M has been
unglamped.

Leak detection is carried out by the use of a differential pressure transmitter and
suitable valving to join or isolate the cavities from the D;0 system. The pressure transmitter is
deflected by the flow of water into or out of it, resulting from any leakage. The electrical signal
produced is differentiated and the value representing rate of leakage is displayed.

17.3.10 Snout Clamp Lock Hydraulic Circuit

Snout clamping action is carried out by rotation of the clamping barrel, driven by
two gear racks which are oil hydraulically operated.

To ensure ¢lamping action 1s maintained one of the racks is locked by the
insertion of @ pin. This pin is pushed into position by a water hydraulic actuator which is
pressurized from the snout cavity. The piston in the actuator operates against a spring pressure
so thut when the pressure is reduced the piston is pushed back and the lock pin is withdrawn,
Thus as long as the snout cavity pressure remains above a specified level inadvenent
unclamping cannot take place.

17.3.11 D;0 Discharge Port Mechanisms

All operations on the new fuel, spent fuel and ancillary port are performed with
the F/M magazine depressurized and i*s D,0 level lowered below the snout opening.

At each port a discharge mechanism connects the F/M to the drain to lower its
D0 level. Each mechanism has pneumatic actuators to raise it into contact with the drain port
on the F/M. Through a suitable linkage, pneumatic actuators on each discharge port operate the
drain valve on the F/M. A further actuator at the new fue! port can be operated to open a valve
which allows the drainage of the D;O/oil collection tank on the F/M.

D;0 from the drain tank on the F/M drains by gravity to a holding tank, from
which it is pumped to the main D0 storage tank. The mixed DO and oil is drained from a
holding tank on the F/M to anothr tank and disposed of manually.
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18. F/M OIL HYDRAULIC SYSTEM

18.1 INTRODUCTION

Several functions on the F/M and carriage are carried out by means of oil
hydraulic power provided by power supplies and their associated control systems through the
~atenary system.

The oil hydraulic system operates actuators, which, with their associated valves
and tubing, are mounted on the F/M and carmage.

18.2 PURPOSE

The purpose of the F/M oil hydraulic system is to provide controlled conditions
of flow, pressure and temperature 10 operate its associated actuators on the F/M and carriage. A
block diagram of the complete system for one F/M is shown in Figure 3-56

18.3 SYSTEM DESCRIPTION

The overall F/M o1l hydraulic system consists of two identical and completely
separate systems, one for each side of the reactor. Each system 1s comprised of an oil hydraulic
power supply system and oil hydraulic control circuits, servicing the F/M and carriage.

18.3.1 Oil Hydraulic Power Supply System
The hydraulic power supply is composed of:
. The pressure generating unit (power pack) including the oil storage tank.
2. The smoothing and filtering unit with its isolating valves (valve station). The description of
this system is outside the scope of this document.
18.3.2 F/M and Carriage Oil Hydraulic Contro! Circuits

The oi! hydraulic power is supplied via flexible ¢ ‘nary hoses whi-h terminate
with quick disconnects at the F/M and carriage manifolds and operates the following actuators:

Magazine Drive

‘B’ Ram Drive Speed and Force Control
Latch Ram Drive

Snout Clamp

Lubrication Pump Drive



TTR-305 Page 3.1K-2
Rev. O

D0 Valves

‘2’ Drive

Fine 'Y Drive

Carriage to Bridge Clamps.

18.3.2.1 Magazine Drive

The magazine is driven by an oil hydraulic motor (Figure 3-57) operating through
gears and a ‘Ferguson’ drive. Direction of rotation is determined by the selection of two
solenoid valves. With one solenoid energized rotation is clockwise and with the other energized
rotation is counterclockwise. Stop is produced by both solenoids being de-energized

The supply pressure of 12.54 MPa (1820 psi) is reduced by a pressure regulating
valve to 3.45 MPa (760 psi). Retumn flow resu'ting from rotation in either direction passes
through a flow control valve to regulate the speed of rotation.

Pilot operated check valves in the motor feed lines prevent flow when the
sclenoid valves are not energized thereby stopping motor rotation,

18.3.2.2 ‘B' Ram Drive Speed and Force Control

The ‘B’ ram is a ball screw type ram driven through gears by an oil hvdraulic
motor (Figure 3-58).

A pilot directional control valve directs oil to the motor to operate the ram in the
advance or retract direction, In the stop position both lines to the motor are blocked to prevent
oil flow and ram movement.

By the use of three flow regulator valves and a ‘urther pilot directional control
valve, three flow rates can be selected for the oil in the return line. In this manner three speeds
of operation are obtained.

The ‘B’ ram operates at five levels of force, Force selection is regulated by a
pressure regulating valve in the supply line. This valve is controlled by a pilot pressure derived
from one of four pressure regulating valves, each of which is set to a specific pressure.
Associated with each pressure regulating valve is a solenoid valve. Thus by energizing a
solenoid valve a pressure regulating valve becomes operative to produce the desired ram force.
In the fifth force level the main regulating valve is closed resulting in zero pressure across the
drive motor and consequently zero force is produced.

18.3.2.3 Latch Ram Drive

The latch is a ballscrew type ram driven through gears by an oil hydraulic motor,

Oil supply pressure is reduced to 2.74 MPa (400 psi) by a pressure reducing valve
to provide the required latching force when applied to the drive motor. A flow regulating valve .
in the return line determines drive speed.
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Hydraulic oi! from the supply is reduced in pressure by a pressure regulating
valve to limit developed forces. A directional solenoid valve deterinines the application of oil
10 the operating cylinders to prodice advance or retract ‘Z' motion. [n both ‘2" advance or *Z’
retract the pressure is applied through a check valve but the return is through the regulating
valve. In this way the advance and retract speeds may be adjusted independently.

Connected between the cylinder supply lires is a fixed flow element. This
permits a low flow between the supply lines when the solenoid valve is de-energized, that is, in
the stop position. Thus the F/M can move, due to thermal effects, when ¢'amped onto an end
fitting. The flow through this element is very small and thus does not adversely affect the
udvance-retract operation.

18.3.2.8 Fine 'Y’ Drive

The fine ‘Y’ drive consists of two oil hydraulic motors connected together
through suitable gearing to three screw jacks

Hydraulic oil from the supply is reduced in pressure to give the required torque to
ruise the F/M. A pilot operated directiona! control valve directs the ¢il to the motors for raising
or lowering.

Check valves in pucalle! with regulating valves are in both lines to the motors so
that the raise speed and lower speed can be adjusted independently.

A pressure regulating valve across the input is set to prevent overpressurization.

1X3.29 Carriage to Bridge Clamps

The carriage to bridge clamping mechanism is driven by four oil hydraulic motor
driven screw jacks. The oil to the hydraulic motors is applied through two solenoid valves
(Figure >-60). When one valve is energized the motors are driven to clamp the mechanism and
energizing the other valve causes the motors drive to unclamp. With both solenoids
de-energized the system is held stationary.

Two solenoid valves are employed since the force applied to clamp differs from
that to unclamp and the two related oil pressures are set by two independent pressure regulating

valves.
18.4 MAJOR EQUIPMENT
f 18.4.1 Oi! Reservoir

The oil reservoir is a totally sealed tank internally treated to prevent corrosion and
suitably sized to minimize «.l foaming and air entrainment. The tank is provided with a clean
out panel, oi! sight glass and filter breather assembly. A level switch provides indication of
critical, low and full levels and also controls the pumps.

An electric heater ensures the minimum temperature is adequate for satisfactory ‘
operation of the oil system.
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184.2 Supercharge and High Pressure Pumps

The pressurization of hydraulic oil is performed by two electrically driven pumps
in series. The first pump provides an adequate supply of oil to the cecond pump for efficient
operation. The second pump delivers oil at the required supply pressure and flow.

A duplicate pair of similar pumps provides a backup in case of failure. Normally
only one set of pumps is operated at one time.

1842 Strainers and Filters

Strainers and filters are installed in the oil system to ensure the cleanliness of the
oil. In each pump circuit, a strainer is located in the reservoir in tne suction line, The air filter
between the priming pump and pressure pump will automatically bypass in the event of filter
blockage. A further filier located in the output line gives final protection against foreign
=aterial in the oil before it enters the system,

1844 Heat Exchanger and Accumulator

An accumulator in the output line reduces the effects of pressure transients. Qil
returning to the reservoir passes through a heat exchanger which removes the heat acquired from
the F/M and generaied by fluid friction.

. 184.5 Piping and Tubing

The lines of 1/2 inch nominal size and smaller are constructed from stainless steel
tubing. All other lines are carbon stec! pipe. On the F/M all wbing is from stainless steel,
regardless of size,

1846 Location

The power pack, valve panel and heat exchanger are located in the reactor
building and are accessible during reactor operation.

The oil hydraulic drive actuators and oil hydraulic control elements for the
balance of the system are located on the F/M and its support cradle and carriage. They are
generally not accessible at the reactor face during reactor operation,

18.4.7 Instrumentation and Control
The general method of controlling the F/Ms is by computer.

The conditions within the oil hydraulic system are monitored by various control
elements. Oil leve: and pump operation are determined by a levsl switch within the oil reservoir
tank. Return oil temperature is monitored and the cooling water to the heat exchanger regulated
to limit oil temperature during operation. The oil temperature within the oil reservoir tank is
monitored to ensure operation within a specified range. Above the limit an alarm is giv.n and
below the limit an electric heater is turned on.

Pressure switches are vsed to indicate the condition of the filters and a pressure
‘ switch in the output line gives an alarm if the oil pressure fells below a desired level.
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19. IRRADIATED FUEL TRANSFER AND STORAGE SYSTEM

19.1 INTRODUCTION

The irradiated fuel transfer system covers the process and equipment of the
urradiated fuel transfer operations from the reception of irradiated fuel bundles, at the irradiated
fuei port, until the irradiated fuel bundles are stored, under water, in the irradiated fuel storage
bay. The general arrangement of the irradiated fuel transfer system is shown in Figures 3-2 and
3-61. The associated building areas are listed below

Dimensions of Irradiated Fuel Bays

H | WATER
BAY BAY SIZE DEPTH REMARKS

Discharge Bay T Shape, Top 53m(17.5ft) |Height of Bay Floor to
76x24m Ceiling 15 9.7 m (31.75 f1)
(25 x 78.75 f1)

Transfer Canal Area in RB.:
18x1.8m(6x6ft),
Opening:
15x12m(Sx4ft).
Area in Service Bidg.:

24x26m
(Bx 85 f)
Reception Bay BS8xd46m 7.6 m (25 f1)
(28 x 15 fv)
Storage Bay 116x225m 7.6 m (25 ft)
(38 x 74 f)
Defected Fuel 24x55m 6.0 m (20 f1)
Storage Bay (8 x 18 ft)
Irradiated Fuel 46x85m Part of Recept 1 Bay
Shipping Area (15 x 28 f)

The expected average radiation dosage to operating personnel in the bay 1s 6 to
10 uSv/h (0.6 to 1.0 m rem/h).

19.2 PURPOSE

The irradiated fuel transfer system is designed o transfer and handle the
irraciated fuel bundles on route to the irradiated fuel storage bay from the irradiated fuel por,
after the bundles have been discharged by the F/M. A separate defected irradiated fuel storage
bay and associated equipment accommodates fue! bundles with cladding failure, due either to
inadvertent core exposure beyond maximum rated bundle power or mishandling on transfer.
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The irradiated fuel storage bay is designed to provide the nuclear generating
station with underwater shielding and cooling for the irradiated tuel bundles, which are potential
radiation and heat sources. The storage bay capacity allows for ten years of reactor full-power
operation.

19.3 SYSTEM DESCRIPTION
19.3.1 Irradiated Fuel Transfer and Handling System
193.1.1 Normal Operation

After the F/M receives a certain number of irradiated fuel bundies (normally
eight) from the reactor fuel channel, it travels to the F/M maintenance lock from the reactor
vault. The following operations are then performed automatically under digital computer contral
and access contro! interlocks prevent entry into the irradiated fuel discharge room during
irraciiated fuel discharge. The machine clamps onto the irradiated fuel discharge port, withdraws
the sout plug, installs the guide sleeve, picks up the ram adaptor and lowers the magazine D0
level. Before the irradiated fuel bundles are pushed iato the irradiated fuel discharge port, the
cart with ar empty rack must be on the discharge bay conveyor under the irradiated fuel elevaror
with the rack mdexed to its first-loading position, the eievator ladle must be in line with the
irradiated fuet ¢ischarge port and the elevator bundle stoo in the correct position, the two
irradiated fuel port valves must be fully closed, and the irradiated fue! cooling system and
ventilation syster must be operational.

The vwo rradiated fue! port ball valves are then fully opened, and the ‘C’ ram
advances to push the firsr bundle pair onto the ladle. Fuel is normally transferred in pairs. The
bundles are stopped by the uradiated fuel elevator bundle stop. The ‘C’ ram retracts into the
F/M magazine and the irradiated fuel elevator's bundle stop moves away from its stopping
position. The irradiated fue! ladle is ther lowered into the discharge bay water to deposit the
irradiated fuel bundles on the rack.

Once the elevator is fully down, the conveyor rack indexes to the second-loading
position, and the elevator bundle stop moves back to the stopping position. The F/M magazine
indexes to the next full fue! station and the discharge of irradiated fuel continues until all
irradiated fuel bundles in the F/M magazine are discharged onto the conveyor rack. Then the
discharge port ball valves are closed, and the guide sleeve is withdrawn into the /M magazine.
The F/M snout plug is reinstalled, the maguzine re-pressurized and the F/M head unclamps froin
the irradiated fuel port. The F/M is then ready for its next assignment.

The irradiated fue! transfer operation continues underwater in the discharge bay.
The loaded rack on the conveyor cart is driven from the discharge bay to the reception bay by
electric motors mounted above the water on the bay walkway floors. The two conveyors are
normally controlled by the station digita! computer but a manual operating facility is also
available,
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Once the cart reaches the gap between two conveyors, one slotted bracket of the
cart disengages the discharge bay conveyor, and automatically aligns with the reception bay
conveyor, which drives the cart further to the reception bay. The cart will stop at its end travel in
the reception bay. After stopping, semi-automated irradiated fuel haadling equipmenit trunsfers
the irradiated fuel bundles from the cart onto irradiated fuel storage trays. The cart will then be
driven back to the discharge bay, to the rack first-row-bundles loading position under the
elevator ladle, for the next loading.

Each tray holJs a total of 24 bundles, placed in two rows. The reception bay
usually has one week's supply of empty storage trays for operati nal flexibility. After the
loading of irradiated fuel bundles to the storage tray, the tray is moad onto a storage tray
convevor for transferring the storage tray from the reception bay to the »torage hay through an
opening ir the wall between the two bays. Once in the main bay, the irradiated fuel storage tray
is lifted by « hoist on the manbridge and placed on a tray stand {or interim storage. The storage
tray conveyo: then retracts, Once completely retracted, it seals the opening in the wall with a
flow obstruction plate, in order to minimize the raovement of water between the (wo bays.

The manbridge is electrically driven, and spans the width and runs the full length
of the storage bay to provide a movable working platform for the operator to handle the
irradiated fuel. The operator on the manbridge above the bay water manoeuvres all storage
trays, and stacks them up to 19 trays high, using the maabridge ¢lectrical hoist and storage bay
handling tools.

Stacking up to 19 trays high provides a minimum depth of water shielding of
4.1 m (13.5 ft) from the top row of the irradiated fue! bundles to the water surface, in order to
maintain acceptably low ragiation levels in the irradiated fuel bay.

The irradiated fue! bundles are expected to be stored in the storage bay for the
next 10 years, or more. Irradiated fuel will then be loaded into shipping flasks in the reception
bay for shipping from the station 1o permanent storage that is scheduled to commence in 2035
By using the Service Hall crane, the loaded shipping flask would be passed through a removable
hatch above the reception bay, at the elevation of the air lock level. The shipping flask would
then be removed and be loaded onto a transfer truck to transport the irradiated fuel 0 a
permanent storage site.

19.3.1.2 Abnormal Operation

19.3.1.2.1 Stuck Fuel Bundles

An abnormal operating state exists when the fuel bundles become stuck in the
irradiated fue! pont, or on the elevator before entry into the water of the discharge bay.

When the operator is alerted to this situation, ei*  + hy the monitoring of
equipment operations or due to the pre-set timed al'm indic. i, 1 must initiate the
appropriate steps to ensure that the fuel bundles are kept cool, thereby preventing rupture due 1o
overheating. Four minutes is allowed before spray cooling is initiated and 12 minutes where
flooding is used.
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Standby vooling water 1s applied in accordance with the applicable mode of
operation.

Since H;0 is used for cooling, there 1s a possibility of downgrading the DO in
the F/M, resulting in significant cost penalty. If irradiated fue! is exposed to air for a prolonged
period, there is possibility of fission release. The operator will consider the different options
before cooling is initiated.

Once cooling of the bundles is assured, means 1o free the stuck fuel and lower it
into the bay can be decided upon and executed. If the fuel bundles have been damaged, they
will be placed in the defected fuel storage carouss! for defected fuel canning at a later time.

19.3.12.2 Semi-Automated Irradiated Fue! Handling EQuipment Out of Service

If the semi-auiomated irradiated fue! handling equipment in the reception bay 1s
out of service, the cunveyor cart may be unioaded manually by the operator from the walkway
floor. The loaded rack is transferred frovr 1 the cart to a rack stand, using the transfer rack
handling tool. An empty rack is then placed on the cart, and the cart 1s moved back to the
discharge bay, and positioned under the irradiated fuel elevator for the next loading operation,
In the reception bay, the operator manually transfers all irradiated fuel bundles from the loaded
rack onto an irradiated fuel storage tray and continues the operation

. 19.3.2 Defected Fuel Transfer and Handling System

The defected fuel detection system is us2d to detect the pissence of defected fuel
in the reactor core. By monitoring the bulk coolant, it detects and indicates in which reactor
loop the defected fuel is in. The purpose of the defected fuel location system is to identify in
which channel of the particular coolant loop the fuel defection occurred and to find, in this
particular channel, which bundle pair contains the defected buncle(s).

The design target for defected fuel bundles at station maturity is 0.3%, average, of
discharged fuel bundles, with 1.5% maximum over a short term.

After the F/M receives the defected fuel bundle, it is transferred onto a rack in the
discharge bay. The rack is indexed two tows of loading positions after receiving a defected fuel
bundle. The defected fuel bundle is then manually removed from the rack and set into a
‘carousel’ for temporary storage. After a decay and degassing period of four weeks or more, it is
manually moved from the carousel, inserted into a can and sealed with a hd. The operator, using
a canning device and a set of extension tools, performs the bundle handling and canning
operations from the discharge bay walkway. This method prevents continued fission-product
escape from the defected fuel bundle.
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A detachable stainless stee! liner tube is installed in the bore of the port housing,
forming ar. annulus between the liner and the housing, for emergency cooling of irradiated fuel,
if required. The liner has a row of ter holes along the top and five holes around the F/M end.
The annulus connects to the standby cooling system water supply, to provide adequate cooling
water through the liner holes for cooling of any & =""t1ed fuel bundles, which may,
inadvertently, be held up in the port.

The two ball valves are of similar construction, metal-sealed, with an adjustable
open-position stop, to provide a clear bore for the passage of the fuel bundles. The valves are
operated by double-acting pneumatic actuators. Each valve is controlled separately, either by
handswitch, from the control console, or automati : illy, by the fuel handling control system.
Munual operation of the valves is possible using ¢ andscrew on the valve actuator. Adjustable
position limit switches indicate the fully-open and fully-closed valve positions.

1942 Elevating Ladles and Drives

Two electrically driven elevating ladles (Figure 3-63) accept the irradiated fuel
bundles from the irradiated fuel ports and lower them onto a rack on a conveyor at the bottom of
the discharge bay room,

The two elevators consist of two ladles (Item 5) running on tubular and angle rails
(ltem 7). The rails are inclined at 30° to the vertical, except for the lower 1.2 m (4 ft), which are
vertical. The 30° inclination of the rails allows both elevators to terminate at the single
conveyor at the k- 1om of the discharge bay, providing that only one ladle enters the vertical
section at any time.

Each ladle accommodates two fue!l bundles and is suspended by a stainless steel
cable from a arum mounted above the rails. The drum is driven by an electric motor and gear
reducer, mounted in the adjacent new fuel room to facilitate access under conditions where
irradiated fuel is located inside the discharge room

The rails are manufactured and assembled in three major sections, two upper
.tons and a lower section. The lower section, which is underwater, is mounted in slots for
easy removal without draining the bay. The joints between the upper and lower sections are
spigoted for ease of assembly and disassembly.

The ladle assembly consists of a frame, which runs on two gimballed guide roller
assemblies and a fixed guide roller assembly. The gimballed rollers run on the tubular rails,
while the fixed rollers run on the angle rail. The gimballed rollers allew the assembly to accept
rail mounting tolerances, so that accurate positioning of the rails is only critical at the fully-up
and fully-down positions. During installation, the rails are set up to position the ladle at a slight
slope at the top of its travel, so as to align with the slope of the irradiated fuel port. At the
bottom, the ladle is horizontal.
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The ladle drive unit (Item 4) consists of a variable-speed, reversible DC motor
with integral brake. It connects to a speed reducer via a torque limiter coupling. For
unrestricted access, the arive unit is located in the new fuel room. The output shaft of the speed
reducer is coupled to the hoisiing unit in the discharge room by a shatt assembly, which
penetrates the containment wal, A flexible coupling is located in the discharge room.

The shaft assembl /, penetrating the containment wall, consists of a stepped shaft
mounted in a housing on two bear.ng assemblies a standard cartridge bearing assembly at the
discharge room end, and a magnetic-fluid cartridge scal assembly at the new fuel room end. The
complete assembly is mounted in an embedment in the containment wall and aligned during
installation by eight jacking screws. To prevent radiation streaming. the cavity between the shaft
housing and the penetration is filled with lead wool, held in place by welded cover plates.

The magneuc-fluid cartridge sea! assembly consists of two ball races and a liquid
seal, mounted on a hollow shaft and enclosed in a flanged housing. The entire seal assembly can
be removed and replaced as a unit for servicing. The assembly is backed up by a mechanical
lid-type seal located behind the standard cartridge bearing at the discharge room end. The two
seals provide the double protection necessary for the containment boundary.

1943 Discharge Bay/Reception Bay Conveyor

After being lowered to the discharge bay by the elevator ladle, the irradiated fuel
bundles are automatically loaded on a rack, which is supported on a cart moving on two
conveyors from the discharge bay to the reception bay, via the transfer canal. The essential
equipment of both conveyors are a rack and cart, conveyor track, drive unit, sprocket and chain.
The following sections give a more detailed description.

19.4.3.1 Rack and Cart

The rack is mounted on the cart (Figure 3-64, Item 5). The position of the cart is
automatically indexed by the drive unit shaft encoder, when it is below the discharge bay
conveyor for loading of irradiated fuel bundles. The stainless steel rack weldment consists of
four fuel bundle support plates, each having six troughs on the top. Two irradiated fuel bundles
are supported end to end in the troughs of the four support plates. The rack, therefore, has a
capacity to take 12 fuel bundles at one time.

The stainless steel cart has four pairs of wheels and runs in both directions on the
discharge bay/reception bay conveyors. It has two sets of slotted brackets on one side, to engage
the pins of each conveyor drive chain, and three pairs of rollers, which engage the two conveyor
guide rails at its center. The two slotted brackets are positioned so that, when the cart is driven
over the gap in the junction between two conveyors, in either direction, the pins on the first
conveyor disengage from one slotted bracket, as the pins go around the first conveyor sprocket.
This automatically aligns the other slotted bracket with the pins on the second conveyor chain to
drive the cart to its final destination. There are two mecaaaical stops, one at each end of the cart
travel. These stops permit overtravel from the normal end-of-travel positions. A shaft encoder,
driven by the shaft of the conveyor cive unit through a reducer, sprockets and a chain, detects
the position of the cart when it is on the discharge bay conveyor, thus providing continuous
position feedback for indexing and end-of-travel position of the cart.
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The cart end-of-trave! position on the reception bay conveyor is detected by two
cam-operated switches, These switches are also driven by the shaft of the conveyor drive unit
through a reducer, sprockets and a chain.

19432 Conveyor Track

Both conveyor tracks have the same width and mount a: the same level. The
conveyors have an upper and lower chain support, a rectangular section guide rail that guides the
conveyor cart running along the whole length of the track, a drive gearbox and lifting lugs. Both
conveyors are set up in line and secured by captive screws and tapered al:gnment pins on the two
tays’ floors. Two conveyors are used to simplify removal for maintenance, if required. The
length of the discharge bay conveyor (Item 3) is 7.16 m (282 in) long, starting from the bottom
of the irradiated fuel elevator in the discharge bay and ending in front of the entrance of the
transfer canal. The reception bay conveyor track (Item 4) is 7.19 m (283 in) long, starting from
the transfer canal entrance and running to the reception bay.

19433 Drive Train

Each conveyor chain is driven by a reversible motor with an integral brake,
through a speed reducer mounted at the bay walkway level (item 6). The ouiput shaft of the

speed reducer is connected with apa’ =l gears on the conveyor to drive the conver ur
chain. A torque-limiter coupling ism. '~ 1 the reducer output shaft to iimit the torque that .
can be applied by the motor.

The cart-position feedback mechanism differs for each conveyor (o the extent that
the discharge bay conveyor has a continuous position feedback, via a shaft encoder, while the
reception bay conveyor end-of-travel positions are indicated only via two cam-operated
switches. Both shaft encoder and cam switches are mounted above the water level, on the
respective drive motor assemblies, and are driven through sprockets and a chain.

1944 Semi-Automated Irradiated Fuel Handling Equipment

Semi-automated irradiated fuel handling equipment is provided in the reception
bay for the automatic transfer of the irradiated fuel bundles from the conveyor cart rack onto the
storage trays (Figure 3-65).

Empty storage trays are manually positioned, in the reception bay, to receive the
bundies from the conveyor. The bundles are transferred from the conveyor cart rack to a storage
tray, in pairs, by two J-tools, mounted on a carriage and operated automatically under the control
of a microprocessor. The conveyor cart rack normally carries eight bundles, while the storage
trays have a capacity of 24 bundles. When a storage tray is full, it is manually remaved and
replaced by an empty one.

The major component of the equipment is a carriage, which runs on rails at the
edge of the bay, and extends over the bay to support the two J-tools, which ha.adle the bundles.
Operation of the system is normally initiated by the fuel handling control «ystem control
computer, and is then controlled by a microprocessor and related equipment, mounted in .
control console located adjacent to the equipment,
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System operation is, therefore, integrated with the overall spent-fuel discharge
operation. Manual operation of the equipment is possible from switches and pushbuttons on the
console, but 15 only intendec for use during maintenance and set-up, or in the event of failure of
some part(s) of the system,

The irradiated fuel storage trays are manually positioned to receive the spent fuel
bundles from a platform on the carriage. The trays are carried on a storage tray lifting tool,
suspended from the reception bay crane. For this operation the carriage is controlled from a
pushbutton station on the carriage.

Interlocks are provided to prevent conflict between operation of the bay crane and
the semi-automated system equipment.

Canned defected fuel cannot be handled by the semi-automated equipment and
must be removed from the conveyor cart using manual tools.

The reception bay semi-automated irradiated fuel handling equipment is
described in the following sections.

19441 General Arrangement

The mechanism consists of a carrage (outer frame), an elevator (inner frame),
and two J-tool assemblies. The cantilevered carriage runs on a rail and a ball-bushing roundway
mounted on the edge of the reception bay, parallel to the discharge bay/reception bay conveyor.
The elevator moves vertically within the carriage and carries the two J-tools.

Electric power and contro! signals are transmitted to the carriage through catenary
cubles secured to junction boxes on the adjacent reception bay wall.

19442 Carriage

The carriage is a welded carbon-stee! structure of rectangular steel tubing. It is
mounted on the roundway on two ball bushings, with an underrunning roller engaging the rail,
A drive system, consisting of a stepping motor driving a ball lead screw, is mounted adjacent to
the roundway. A squared adapter is fitted to the end of the lead screw to allow the carriage to be
driven manually for maintenance,
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To accommodate this difference, one J-tool assemb! v is moved laterally by
32mi. <3 in) during the elevator motion, while the other assem 'y is mounted rigidly on the
elevator. The removable assembly is mounted on two ball bushing s, running on a horizontal
roundway at the bottom of the elevator frame, and is stabilized at t e top by two cam followers,
that engage a short horizontal rail. The lateral movement is effect :d by a grooved cam on the
elevator, A cam follower on the J-tool engages the groove.

Each too! has a fixed outer thin-wali tuh¢ and a sliding inner tube, the full length
of the suter tube. A ball spline between the inner <.ad outer tubes maintains their relative
orientation. The inner tube has a J-hook attached to its lower end to lift the fuel bundles on its
center set of wear pads. To stabilize the bundle, a saddle contoured to suit the two outer sets of
wear pads of the fuel bundle, is attached to the outer tube at the lower end. The J-hook has
63.5 mm (2.5 in) of vertical motion, and is driven by a linear actuator mounted on the upper end
of the inner tube.

The operation of lifting a bundle off the rack, and placing it in the tray, consists of
the following sequences. With the tool open, that is, the J-hook lowered, the tool is moved
horizontally by means of carriage motion to align with a bundle on the rack. Then the hook is
raised, initially lifting the bundle on its center set of wear pads. When the too! is completely
closed, the bundle is stabilized by the saddle mounted on the outer tube. To deposit a bundle on
the storage tray, thi. operation is reversed and the tool is moved horizontally to clear the bundle.
The open and closed position of each J-too! are detected by two limit switches mounted near the
upper end of the assembly.

The hook and saddle are free to pivot through a limited angle. Pivoting is
normally inhibited by a spring inounted at the top of the tool and connected to the hook through
a linkage system. The saddle and hook are connected by a pair of rollers, which ensures that
each moves in contormity with the other. It the carriage inadvertently overtravels, to cause the
hook or fuel to strike the rack or another object, then the system will pivor and operate a switch
that will stop all motions.

In addition, the saddle has the capability to travel vertically through a limited
distance, and the hook has some excess vertical motion normally resisted by a spring at the
lower end of the assembly. If the clevator inadvertently overtravels, to cause the hook or fuel to
strike the rack, the spring will be compressed. This will also result in actuation of the switch
mentioned in the previous paragraph and will stop all motions.

1945 Reception Bay Manual Defected and Irradiated Fuel Handling Equipment

A series of extension tools and accessories (Figure 3-66) are provided in the
reception bay to facilitate the inanual handling of canned defected fuel bundles, and empty and
loaded irradiated fuel storage trays. These tools and accessories are also used for the manual
handling of loaded and empty discharge bay/reception bay conveyor racks, and irradiated fuel
bundles if the semi-automated irradiated fuel handling equipment is out of service for any
reason. The tools and accessories are described in the following sections.
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19451 Transfer Rack Handling Too!

This tool (Figure 3-64, Item 9) is used in the reception bay to remove loaded
transfer racks (Item 8) from the discharge bay/reception bay conveyor cart (iiem §) and place
them on single or triple rack stand-offs. In use, it is suspended from the bay crane (Item 11)
controlled by an operator on the bay walkway

The tool consists of a head connected to a U-shaped handie and a lifling eye by a
length of pipe. The head consists of two side plates interconnected by three pipes. Two
horizontal plates which run along the inside of each side plate engage with plates on the side of
each rack and have lugs to ensure positive engagement. Except for the lifting eye, the tool is of
stainless steel. The ool weighs approximately 163 kg (360 Ib) and its overall length is 6.3 m
(248 in).

The tool can carry a fully loaded rack, or a rack containing any number of
bundles, includir g canned bundles, in any position.

The tool is normally stored directly above the end of the conveyor in such a
position that, when the conveyor cart reaches the end of the conveyor, the rack 1s aligned with
the tool. As the tool 15 lifted, the rack is automatically picked up.

When the rack is removed from the conveyor, water coverage is approximately
3.9 m (13 ft) because of the discharge bay/reception bay conveyor elevation. In order to keep
the dose rate below the acceptable 6 uSv/h (.6 mrem/h), personnel are required to stay outside a
radius of 3 m (10 ft) from directly above the transfer rack while it is being lowered to a safe
depth in the bay. Three indicator rings indicate the position of the too! relative to the bay water
level.

19452 Bundle Lifting Tool

This too! (Figure 3-64, Item 16) is provided to enable fuel bundles to be
transferred, one at a time, from the discharge bay/reception bay conveyor racks, located on the
single rack stand-off (Item 12), to the storage tray (Item 15).

Three head-position indicator rings indicate maximum elevation, bundle pick-up
from rack elevation (also delivery to storage tray elevation), and travelling elevation to clear the
rack and tray.

T'he tool weighs approximately 35 kg (77 Ib) and its overall length is 6.9 m
(271.5 in),

19453 Rack Stand-Ofts

A single (Figure 3-64, Item 12), and a triple (Item 13), rack stand-off are located
on the floor of the reception bay. The single rack stand-off is located in line with the discharge
bay/reception bay conveyor, and adjacent to the storage tray loading position, while the triple
rack stand-off is placed to one side of the bay.

The single rack stand-off is used when the bundles are being transferred onto a .
storage tray, wnile the triple rack stand-off is used to store additional racks
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19.4.54 Storage Tray Support Table

Empty storage trays (Figrre 3-64, ltem 22) are supported in the reception bay on
two tables (Item14), 2.3 m (7.5 ft) high in the 7.6 m (25 ft) deep part of the bay.

The tables support the trays at a height convenient for pickup by the reception bay
tray handling tool (Item 20). Tapered locating pins are provided on the top of the tables and
engage with mating slots in the trays.

19455 Tool for Lowering Empty Trays

This wo! is provided to lower up to seven empty storage trays into the reception
bay. It consists of u four-leg frame with & latch mechanism at the bottom of each leg. The tool
1s lowered over the stacks of empty storage trays, using the bay crane, until the latch mechanism
is in line with the lowest tray of the stack to be picked up. The latches are then manually
engaged and the tool is lifted with the trays. The too! is lowered into the bay with the trays.
When the weight of the trays is off the tool, it is lowered until lever-operated cams disengage the
latches. The tool can be removed from the bay and stored in the laydown area next to the
reception bay, after use.

19456 Storage Tray Lifting Tool

The storage tray lifting tool (Figure 3-64, Item 20) is used to move storage trays
after they have been lowered into the reception bay. The 100! weighs approximately 136 kg
(300 1b) and its overall length is 680 cm (268 in). Two indicator rings indicate the upper and
lower storage tray positions of the tool head, relative to the bay water level.

19.45.7 Storage Tray Conveyor

The manually driven storage tray corveyor (Figure 3-64, Ttem 18) has three
superimposed frames for telescopic extension. The fixed bottom-frame is mounted on the floor
by supports and captive screws in the reception bay, at one end, while the other end extends into
a rectangular opening in the wall between the reception bay and storage bay. The bottom frame
is essentially a weldment of stainless steel pipes and brackets. Its two guide rails, which run the
whole length of the frame, provide a support and guide way for the center frame. The movable
center frame consists of stainless steel pipes, support pads, bogie assembly, guide rails, stop pad
and a flow obstruction plate. The center frame has a travel of 1.3 m (51 in), by running its
rollers in the guide rails of the bottom frame. The flow obstruction plate, attached with two
lifting lugs, becomes a seal to minimize the water flow between the storage bay and the
reception bay, when the storage tray conveyor is fully retracted. The top frame provides a
support for the fully loaded storage tray. It has a travel distance of 2.05 mm (80.5 in), by
running its rollers in the gu.-le rails of the center frame. After the top frame hits the center frame
stop, the former will pick up the latter, moving together. As soon as the center frame ac /ances,
it moves the flow obstruction assembly away from the storage bay wall, The two frames will
cease their movement by hitting the bottom frame stop. With the spent fuel storage tray now
clear of the storage bay wall, it can be picked up by the storage bay tray lifting tool, via the
manbridge.
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The storage tray conveyor is manually operated {rom 3 bandwheel, located on the
bay walkway. A drive shaft (Item 19) mounts vertically through i guctor hall floor and
connects to the underwater conveyor drive gearbox in the receptior. w14 A drive sprocket,
attached to the horizontal gearbox shaft, engages a single-strand nylie ¢hain, which is held up by
idler sprockets and tightened by a chain tensioner. No position fee itk equipment is associated
with the storage tray conveyor. It is driven manually until it s-alls 0 ' ¢ fully extended, or
retracted, position,

19.4.6 Storage Bay Equipment and Tools

19.4.6.1 Storage Bay Manbndge

The storage bay manbridge (Figure 3-2, ltem 24, 15 un ghove-water crane-girder
structure that consists of a monorail crane, an under-siung walkaay @14 & two-ton hoist
mounted on an electrically driven trolley. The monorail crane is supporied 16 m {52.5 ft) apart
across the bay, by wheels running on runways and rails. The under slung walkway, which is
rigidly attached tc the monorail crane, provides safe access for operating personnel to handle
irradiated fuel or other radioactive components. It spans approximuiely 12 m (40 ft) and runs the
full length (approximately 22.5 m (74 ft)) of the storage bay. 1t s covered with non-slip checker
plates on its decking floor and has kick plates, and handrails along both sides of the walkway.
Facilities for extra lighting are provided underneath the walkway decking floor. The 1800 kg
(2 ton) hoist has a clear lift of 12 m (40 ft). Whenever the spent fuel storage tray is hooked to
the hoist, the operator must keep the spen: tue! bundles immersed in the bay water, to a
minimum depth of 4.10 m (161.5 in). at all times, to ensure ramnimal radiation levels at the bay
water surface. The trolley, runnirg along the monorai! crane. supports the 1800 kg (2 ton) hoist
and the bridge pendant control staiion.

The travel speed of 76 ~ 102 mm/s (3 ~ 4 in/s) is the same for both monorail
crane and trolley. The hoist has two travel speeds; a fast speed of 40 ~ K1 mm/s (1.5 ~ 3.2 in/s),
and a low speed of one third of the fast speed.

19462 Storage Trays

The overall size of the storage trays is 1.08 m (42.5 in) long x 1.52 m (59.8 1n)
wide x 140 mm (5.5 in) high. Each storage tray can hold 24 tue! bundles in two rows of
12 each.

The trays are of stainless stee! welded construction, with contoured cradle strips
welded to support the fuel bundles. Two lifting plates are nrovided in each end rail and
correspond to the pins on the tray lifting tools. Cut-outs are provided in the top section of the
end rails and, together with an angled guide strip, guide the lifting too! pins into engagement
with the storage tray lifting plates. Each tray is provided with two tapered locating pins and two
slots, the pins engaging with the slots of the next-higher tray in the stack.

The trays are identified by a letter and three numbers, cut from sheet stainless
steel, and located one in each upper corner
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The trays are normully stacked no more than 19 high. This provides & minimum
water shielding of 4.42 m (14.5 f1), over the bundles on the top tray, with & minimum shielding
of 4.10 m (13.46 ft) of water, above a tray in transit, passing over the top fue! tray.

19463 Storage Tray Supports

Storage tray supports (Figure 3-2, Item 25) are provided in the reception bay, and
in the main storage bay, to support the stacks of trays. The supports ensure the bay floor loading
is not exceeded, provide the necessary clearance between the first row of fuel bundles and the
bay floor, and permit the free flow of water around the trays.

Each support consists of a diagonally braced, stainless steel frame, supported o
four raised pads. Two tapered locating pins locate the first tray in the stack.

19464 Storage Tray Lifting Tool

This too! is similar to the storage tray lifting tool used in the reception bay, except
for the length of the 100! and the orientation of the handle to the head. An eye is provided at the
top of the handle for attachirg the tool to the hoist on the bay manbridge. The head consists of
two plates, interconnected by three lengths of pipe, and is connected to the handle by a vertical
pipe. Two pins are mounted in each plate to engage with lifting plates on the ends of the spent
fuel trays. The entire assembly, ex.cept for the lifting eye, is of stainless steel.

The too! weighs approximately 163 kg (360 Ib) and is designed to carry one fuel
storage tray, carrying any number of fuel bundles up to the maximum of 24. There are no lifting
lintitations on the location of fuel bundles on a partially loaded tray

The too! is stored standing on the bay floor with the handle secured to the bay
hand rail.

1947 Defected Fuel Handling Equipment in Discharge Bay

Defected fuel bundles are identified, before being discharged from the F/M,
through fuel channel Delayed Neutron (DN) monitoring, via a sample station. The DN count
rate will decrease sharply when a defected bundle leaves the channel flow. The bundle or
bundles are then recorded via the F/M magazine rotor position. When discharged from the F/M,
they are lowered on the elevator, in the same way as normal fuel bundies. However, in the case
of a defected fuel bundle, the conveyor rack is indexed two positions, and the defected bundle is
removed from the rack and inserted into the carousel, using a fuel handling too! suspended from
the discharge bay monorail hoist. The carouse! is then indexed to position the bundle under the
carousel canopy. The defected bundles remain in the carousel until they have decayed
sutficiently to permit canning, between four and eight weeks. After canning, the bundles are
transferred, on the conveyor, to the reception bay for storage in the defected fuel storage bay in
the service building. The description of tools and equipment required for defected fuei handling
follows.
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19.4.7.1 Carouse!

A carouse! (Figure 3-67, liem 1) is located in the disc warge bay to provide
temporary storage for defected fuel, for a decay period of four to eigl.' weeks after the bundle
has been discharged from a F/M. It can be inaexed to support a total of 12 defected fuel bundles
and is designed to handle 30 bundles per ycar, 15 bundles per month, eight bundles per week,
four bundles per day.

The rate for each period is subject 1o the limits for the next .igher period, as it
would be impossible for example, to handle four bundles per day for one week.

The carouse! base is a weldment of angles bolted onto the bay floor. The outside
walls consist of an octagonal lower wrapper, open at the oottom, with a removable conical hood
of octagonal shape covering the top of the tray. The tray is made up of 12 sides, with each side
holding one defected bundle. A ventilation pipe connects from the hood to the negative side of
the irradiated fuel ventilation system, to purge active ~ases from the carousel. The hood has
L.ting eyes for access to the carousel for maintenance. A bundle handling tool places the
defected fuel into the tray, through an opening on the top of the hood. The indexing unit
(Item 2) is operated manually, from the bav walkway level, via a handle and pipe penetrating the
reactor hall floor.

19472 Defected Fuel Can

Each defected fuel bundle is inserted into a stainless steel can (Figure 3-67,
Item 13), after a necessary decay period in the carousel. The can has one opern end for the
bundle insertion, while the cther end is blanked and punched with a smal! hole to prevent the
internal can pressure from building up, during and after canning operations. The can is sealed
by a lid, after the defected fuel bundie has been pushed in it. The empty cans and Lids ure
lowered into the discharge bay by one of the bay elevator ladles.
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19.4.7.6 Elevating Table

The elevating table (Figure 3-67, ltem 18) is a rectangular, carbon-steel table,
which can be hookea onto either of the elevator ladles. A rack ot can lids can then be loaded
onto the table and lowered into the bay on the elevator,

19.47.7 Can Handling Tool

The can handling tool, or ‘J-tool’ (Figure 3-67, Item 7), is used to move empty
defected fuel cans between the elevator ladle and the can storage rack, and between the rack and
the can loaaing rough, and to move full cans between the trough, and conveyor rack. A similar
handling tool is used on the reception bay to transfer full cans from the conveyor cart to the
carrier of the defected fuel transfer mechanism.

The tool consists of a handle connected to a double lifting hook by a length of
pipe. The too! is of stainless steel except for the lifting eye. In use, it is suspended from the bay
monorail. When not in use, it is stored in the bay, suspended from a bracket at the walkway
level.

It is fitted with a series of five indicator rings, which indicate the position of the
hooks relative to the water level.

19478 Lid Handling Tool

The lid handling tool (Figure 3-67, Item 6), picks up can lids from the storage
rack and places them in position in the defected fuel canning equipment ram

The too! consists of a length of pipe, with ¢ hook at the top and a contoured fork
at the bottom. A epigot on the can lids engages with the fork, the lid being held in engagement
with the fork by @ hook. The hook is operated through a toggle clamp at the top of the tool and
allows the ope:utor to lock the lid to the tool, or release it, as required

The too! weighs approximately 108 kN (24 Ib). A single indicator ring is
provided to indicate the position of the hook relative to the water level,

19.4.8 Defected Fuel Storage Bay Handling Equipment

The defected tuel bay (Figure 3-68, Item 11) is used to store canned defected fuel.

The bay is fully enclosed to prevent possible soread of contamination from defected fuel. A
separate 900 kg (1 ton) crane (Item 13) facilitates handling of extension tools to manipulate
defected fuel cans and storage trays.

After the fuel is canned in the discharge bay, the canned fuel is transferred to the
reception bay on the discharge/reception bay conveyor. The reception bay can handling tool
(Item 2) is used to transfer the canned fuel from the conveyor rack on to the carrier of a defected
fuel transfer mechanism (Item 6). This transfer mechanism is located underwater in the defected
fuel bay and extends through a circular port into the reception bay. The port is sealed when the
mechanism is not in use by a manually operated isolation mechanism in the reception bay
(Items 3 and 4).
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Canned defected fuel is stored in the defected fuel bay on storage trays, each
stack of trays being supported cn a tray support (Item 9). The supports limit the bay floor
loading and provide the required clearance between the bottom row of canned bundles and the
bay floor. Each tray contains 10 canned fue! bundles and the trays can be stacked 10 high,

The individual canned fuel bundles are moved inside the defected fuel bay using
the can lifting tool (Item 2) suspended from the crane which spans the bay. Trays of fuel are
moved using a tray handling tool (Item 12), also suspended from the crane. For operator
convenience, tae tray handling tool is designed to permit the trays to be stacked only five high.
The ceiling restricts stacking any higher. When all stacks are five trays high, the tool must be
shortened to permit higher stacking.

Space is available in the bay for the installation of a defected fuel bundle
examination facility, if required.

Underwater lighting is provided by portuble underwater lights connected to
receptucles around the bay.

Defected Fuel Storage Bay Isolation Mechanism

The bay isolation mechanism (Item 3) consists of a seal plate, operated from &
handwhee! (Item 4) at the bay walkway level, which seals against a sealing face on a mounting
base, whici forms an extension of the port.

. The mounting base consists of a length of pipe, cut at an angle of 45° and welded

to a base plate, with a flange to form the sealing surface. The operating mechanism consists of a
stainless steel threaded shaft, running in an Ampco 18 shaft guide. A shaft guide is bolted to the
mounting base and the shaft is connected to the handwheel. The lower end of the shaft is
connected to the sealing plate through a clevis and a fork, and a seal plate lever. The seal plate
has limited freedom about the lever, to ensure alignment with the sealing surface. The seal is
made with an O’ ring in the sealing plate.

The handwheel and the short section of the drive shaft, which extends above the
walkway, is normally removed to prevent obstructing the walkway, except when the mechanism
is being operated, and is stored on a bracket on the adjacent walkway handrails. The drive shaft
is flush with the valkway, when the sealing plate is closed.

The operating mechanism is secured to the mounting base by tapered alignment
pins and captive screws to permit removal for servicing. The drive shaft is connected to the
operating mechanism and to the handwheel by hexagonal joints, which permit the handwhee!l
and the shaft to be easily removed.

Defected Fuel Transfer Mechanisrm

The transfer mechanism consists of a carrier, which runs on tracks machined into
two slide rails. The carrier is driven b, a roller chain from a bevel gearbox, via a vertical shaft
from a handwhee! at the bay walkway level (Item 7). The carrier is essentially a cantilevered
tube that extends into the reception bay to accept a canned fuel bundle when the carrier is at the
reception bay end of its travel. With the carrier retracted into the defected fuel bay, the port
. valve is normally closed to prevent flow between the two bays.

#01 W 370
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The transfer mechanism is mounted on a support frame in the defected fuel bay.
The frame is, in turn, secured by tapered locating pins and captive screws to two plates fixed to
embedments in the bay floor. This facilitates installation and removal of the mechanism. A
captive screw is provided on the mechanism to allow the carrier to be locked in the retracted
position, to prevent carner movement when the assembly is being moved during servicing

The handwhee! and vertical drive shaft can be lifted out of the transfer
mechanism gearbox for servicing, the vertical shaft being coupled to the gearbox by a key fixed
to the bore of the gearbox input shaft.

Defected Fue! Bay Tools and Accessories

The can handling ool in the defected fuel bay is identical to the one in the
reception bay. The tool counsists of a handle connected to a double lifting hook by a length of
pipe. The tool is of stainless steel, except for the lifting eye. When not in use, the tools are
stored in the respective bays, suspended from brackets at the walkway level. Two indicator rings
on the tools indicate the vertical position of the too! hooks relative to the wate- surface. The tool
weighs approximately 25 kg (55 1b).

The storage tray lifting tool is similar in construction to the reception bay main
storage bay tray lifting tools.

The defected canned fuel storage trays are similar to the main storage bay trays,
but contain only 10 canned fue! bundies in a single row.

The defected canned fuel storage tray supports are similar to the main storage bay
tray supports and perform the same functions.

Irradiated Fuel Auxiliaries

The irradiated fuel auxiliaries comprise a series of systems to provide air and
water for the irradiated fuel discharge mechanisms. Auxiliary systems are provided tor: standby
cooling, D;0 leak collection, fuel stop actuating, port relief, F/M overflow detection, and port
valve actuating. Duplicate systems are provided for both F/M sides, except for the standby
cooling system pump.

The station instrument air supply system provides air pressure at a nominal
pressure of 690 kPa (100 psi) for purging the D0 leak collection system, the port ball valve, and
the fuel stop actuators. A separate regulator provides 35 kPa (5 psi) for purging the DO port.
[solating valves are installed in all lines passing through the wall between the new fuel room and
the irradiated fuel discharge room. They can be closed during servicing of any irraciated fue!
equipment to maintain the reactor containment integrity.

The irradiated fuel is transferred in air, from the time it leaves the DO in the F/M
head until it 1s “»hmerged in the discharge bay. If, due to a rlelay, the irradiated fuel rematns in
air longer tha.. « predetermined time, an alarm is provided to the operator. He then selects the
standby cooling system ‘on’ to supply cooling water to the exposed fuel bundles to prevent
bundle overheating, and possible subsequent bundle failure.
The water supply is provided by a single stage centrifugal electrically driven
pump, mounted vertically in the cischarge b, with the pump submerged. It provides a flow of .
10 kg/s (.68 slug/s), at a pressure of 330 kPa (48 psi)
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Two pneumatically operated globe valves control the flow of cooling water to
either the port or elevator or both, depending on where the fuel bundles are located. If the fuel
bundles are struck in the port, and the outer ball valve can be closed, the level of the FM DO
can be raised to flood the port with D20 and cool the fuel. The standby cooling system would
not be used.

The standby cooling system has three modes of operation:

1. If the fuel becomes stuck in the port such that the outer ball valve cannot be closed,
the port cooling portion of the system would be used. To prevent downgrading of the
head D0, the guide sleeve would be removed and the snout plug installed to isolate
the F/M from the port. The cooling water then flows over the stuck fuel and
discharges into the bay

ii. If the fuel bundles are stuck with one bundle on the ladle and one in the port valve,
both the elevator ladle and the port cooling systems must be operated. As in (i), the
F/M should be isolated from the port.

ili. If both bundles are on the elevator the outer ball valve should be closed and the
elevator cooling system operated. The outer ball valve is closed to prevent
downgrading of the F/M D,0.

During F/M operation on the irradiated fuel port, the F/M and port are filled with
D0 and pressurized. Some D0 will leak past the inner ball valve seal into the cavity between
the inner and outer valves. Prior to the opening of the ball valves for fuel transfer, the water
level in the F/M is reduced below snout level,

Whenever the F/M is connected to the port and the F/M D0 level is being raised
or lowered, or the F/M is full, the D,0 leak collection system is in operation. A pneumatically
operated drain valve connects to the cavity between the port valves. It opens, through a solenoid
valve, to drain any D0 into a tank in the F/M D,0 system. At the same time, the cavity is
supplied with air at o nominal pressure of 35 kPa (5 psi), through a solenoid valve, to assist in
clearing any DO from the cavity. Two check vilves, mounted in series in the line between the
solenoid valve and the port, provide double protection against loss of DO, when the port is
pressurized by a F/M. A leak detector, mounted between the valves, detects leakage and
energizes a warning lamp on the control console, so that corrective action may be taken.

A port relief valve connects to the port and is set to relieve at 3.5 MPa (500 psi),
with a flow of up to 4 L/s (63 U.S. gal/min), to prevent excess pressure being applied to the port
and port ball valves. D0 discharged from the valve is returned to a tank in the F/M D,O.

A D20 collection container is located below the discharge end of the port and
connects to the port. The container drains into the discharge bay through a removable orifice. If
the F/M level control system fails and the flow of D,0 from the F/M into the container exceeds
the flow through the orifice, a liquid level detector probe in the container actuates a transmitter.
A lamp on the control console energizes, providing a signal for corrective action to be taken,
This detector also operates if the standby cooling system flow to the port is operated with the
port ball valves open
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20. IRRADIATED FUEL DRY STORAGE

20.1 INTRODUCTION

When the original irradiated fuel storage bay becomes full, auxiliary storage bays
are provided at some nuclear power stations. However, with the need to place used fuel from
decommissioned nuclear power plants in interim dry storage, a viable process has been
developed and is being implemented at some CANDU 6 stations.

It has been demonstrated that used CANDU fuel can be placed in dry storage
within five years after discharge from a reactor. The future size of the storage bays on CANDU
stations now can be reducead to as little as six years capacity, including capacity for a full core
load.

The process that is used for irradiated fuel dry storage in canisters was evolved
from the WNRE, Gentilly-1 and Douglas Point projects and is well established. The storage
element is the basket (Figure 3-69) which stores fuel vertically, thus minimizing the structural
needs. For the CANDU 6 system 60 bundles are stored per basket. The baskets are stored
9 high, one on top of each other inside the concrete canister (Figure 3-70).

The fuel is stored horizontally in the storage fuel bay, in trays of 24 bundles.
Twelve of the 24 bundles are placed in the vertical position, transferred one by one into the
basket and foliowed by the 12 additiona! bundles. The fuel rransfer to the basket is made with a
manuul tool. Once tilled, a basket cover is placed over the basket base and is transferred to the
shielded workstation for welding of the cover.

The fuel is then dried with hot air circulation through the basket. The basket
cover is subsequently welded to the basket bottom and to the top of the basket center post to seal
the basket and form a rigid structure. The welded baskets are lified into a shielded transfer flask.
The flask is moved on a transporter to the concrete canister. The flask is lowered on the canister
loading platform, the canister plug is removed and the flask moved over the canister. The basket
is lowered into the canister and the flask is returned to the shielded workstation where the basket
transfer cycle is repeated.

The process is capable of handling a quantity of 6,000 bundles per year from the
plant. As a guide, the manual fuel handling equipment will be able to handle the normal loading
of a quantity of approximately 20 baskets per week for one shift.

The dry storage of irradiated fuel is covered by CSA N292.3 “Concrete Canister

Storage of Used Fuel”. It covers the requirements, codes and standards which are generic to dry
irradiated fuel storage in canisters, including seismic conditions.

“Pool Storage of Irradisted CANDU Fuel” is referenced in the CSA N292.3
stundard and will apply to new structures implemented in the bay for basket loading and
temporary storage in the bay.
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When storage of irradiated fuel is considered, the following five licensing
concerns must be satisfactorily addressed:

i. adequate fuel cooling;

ii. effective containment of radioactive release in the event of fuel failure;
iii. adequate radiation shielding;

iv. adequate physical security and ease of safeguards verification;

v. long term structural integrity against natural events,

202 SYSTEM DESCRIPTION

20.2.1 Basket Loading

Manipulation of the individual fuel bundles takes place underwater, usi - manual
tools and hoists (Figures 3-71 and 3-72). The empty fuel basket is first placed on the underwater
work table. The fuel bundles from a tray are tilted from the horizontal to the vertical position,
twelve at a time. Using the bundle lifting tool, the bundles are removed from the tray
one-by-one, and loaded into the fuel basket.

After the basket has been filled to « 1pacity and the bundles in it noted for IAEA
safeguards purposes, the cover is placed over the basket and the basket is ready for removal from
the bay.

202.2 Basket Drying and Welding

These operations are performed in a shielded welding station (Figure 3-73). The
basket is lifted through the shielded loading chute into the shielded welding station and placed
on the turntable. It is spray washed, moved into the drying position, and both it and the fuel
bundles inside it are dried by means of a hot air blast. The basket is then moved to the welding
area in the shielded welding station and the cover seal-weided to the baseplate and the center
post.

20.2.3 Flask Transportation

After the seal-welding has been verified, the fue! basket is hoisted out of the
shielded work station, into the fuel transport flask, which has been in place over the opening in
the top of the shielded work station while the basket has been in the shielded work station
(Figure 3-73). The loaded flask, with its door closed and locked, is transferred to the trailer.
The trailer is pulled out of the building and towed for a short distance to the Waste Management
Area, where the Canister Site is located.

2024 Congcrete Canister Loading

At the Canister Site the flask is brought under the gantry crane, and lifted onto the
loading platform using a hoist. An auxiliary hotst is used to remove the canister plug
(Figure 3-70). As the plug is removed, the flask is positioned over the canister opening to
maintain shielding. ‘
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~ the washing and draining of the baske!,
- the air drying of its interior (and the fue!l sundles), and
~ the semi-automatic seal-welding.

The shielded work station has two i2ad-glass windows in the walls for visual
observation, and two TV cameras inside for monciring of the seal-welding operation,

The main departure from previou: arojects is related to the irradiated fuel bay
layout. A crane will be added over the shieldec. work station and a new building extension
constructed to facilitate the flask transfer to the trarsporter. The station will be constructed of
sections assembled into a unit, with its base secuon anchored to the bay wall concrete in the
region of the wall where the transfer canal was i« have been located. The walls and ceiling
sections of the shielded work station will be fubricated from 10 mm (0.40 in) steel plate on the
inside and outside, with 190 mm (7.5 in) of leud in between to provide sufficient shielding so
that the radiation field at the exterior is restricted to less than 25 uSv/h (2.5 mrem/h) on contact.

2034 Fuel Transport Flask

The fuel transport flask tha will be used tor the CANDU 6 1s different in design
from the design used in previous CANDLU programs, in three significant areas:

~ the flask will be circulzr in cross-sectional configuration (not square), and

- a sliding bottom door will be employed, in lieu of the hinged botiom “shutters” used in the
past, and

- its internal diameter can house a larger basket.

The manual hoist used for Lifting and lawering the basket (into and out of the
flask) uses chain rather than cable, to prevent basket rotation while these activities are underway.

The shielding consists of 190 mm (7.5 in) of lead between inside and outside steel
plate, 9.5 mm (.37 in) in thickness. Radiation fields on contact with the outside surface of the
fuel transfer flask are expected to be less than 25 uSv (2.5 mrem).

20.3.5 Canister

The canister (Figure 3-70) is a cylindrical, reinforced concrete structure with an
internal liner of 9.5 mm (3/8 inch) standard weight carbon steel pipe. The canister is
approximately 3 m (10 ft) in diameter, 6.2 m (20 ft) tall and the liner is 1.12 m (44 in) in
diameter. The canister provides a combined shielding of 0.94 m (37 in) of concrete and 9.5 mm
(.37 in) of steel. The opening at the top is circular and sized to accept the canister plug and
adapt to the flask. The carbon steel lined canister plug is seal-welded to the liner at the
completion of the loading operation, and the [AEA safeguard seals are installed.

The CANDU 6 concrete canister design is similar to that in use at Douglas Point
and is an adaptation of the original WNRE design. The canisters are designed for deadweight,
ihermal, wind and tornado driven missiles and seismic loads. They are supported on a common .
reinforced concrete foundation that rests on a deep bed of crushed stone.
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The concrete mix is designed to provide a 28-day design compressive strength of
27.6 MPa (4000 psi). The mix incorporates 5% air entrainment to provide resistance to alternate
freezing and thawing cycles.

Two main rebar cages serve to reinforce the canister. One is located alongside the
canister liner, the other envelops the canister periphery. Supplementary rebar is also present
along the plug/liner interface and between the canister and the base. The rebar at the base
anchors the ~anister to the foundation pad.

I .« conceptual design and licensing of these concrete canisters took place in the
early seventies and actual demonstration testing in 1975-1976. Quarterly surveillance
inspections have been carried out during the ensuing years and no significant deterioratior has
been observed to date.

20.3.6 Canister Site Description

The canisters will be arranged in two arrays of 150 each (i.e., 30 rows of five
canisters per row). The two arrays will be separated by a road, which will serve to provide
access to both of the arrays.

The canisters will be sequentially built, at a rate of 10 per year. About nine are
needed for an 80% capacity factor.

Ten of these canisters will be filled during the first year. During each subsequent
year ten canisters will be constructed and wen canisters filled. The loading schedule will be such
that the canisters in the row being loaded and canisters in the row being constructed will be
separated by two rows of empty canisters.. Construction of the canisters in the second array will
commence in the fifteenth year.

The canister site will require an area of about 55 m (180 ft) by 130 m (430 ft).
The site fence will enclose an area of about 80 m (260 ft) by 155 m (510 ft).
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CHAPTER 4

ON-POWER FUELING HISTORY

INTRODUCTION

The CANDU Owners Group (COG) 1s an international organization that was
formed in 1984 by the Canadian CANDU owning utilities and AECL CANDU. The purpose of
COG is to provide a framework that will promote closer co-operation amcag the utilities owning
and operating CANDU stations in matters relating to plant operation and mainienance, and to
foster co-operative developro 2nt programs leading to improved plant performance.

The organizai'on was expanded internationally in 1986 to include the Korea
Electric Power Corporation (KECO) .. the Comision Nacional de Energia Atomica (CNEA)
and to include the Pakistan Atomic Energy Commission (PAEC) and Nuclear Power Corporation
of India Limited (NPC) in 1989 in the Inf-srmation Exchange Program.

Reports relating to fueling machine (F/M) and fuel handling have been published
by COG and are available to the member organizations,

Continuing development programs serve to further advance the technology of the
CANDU fuel handling system. This chapter reviews the operating history, including problem
areas, station incapability due to fuel handling and improvements that were mads to increase
fueling capability.

Technology for the CANDU program that involves the design of water lubricated
mechanisms and high pressure shaft seals has been highly developed at AECL CANDU. In
conjunction with this technology, substantial test data on galling and wear resistance between
different mating materials in water have been accumulated over a number of years, Successful
performance of components such as gears, anti-friction ball bearings and ballscrews in a water
environme... is achieved partially by the proper choice of materials. This basic proven
technology that has been developed over the past 25 to 30 years s applied to the operating F/M
as well as those under development.

The CANDU 6 F/M is a derivative of the Pickering machine and much of the
modular components are nearly identical. Hence, a common development program embraces
the two systems. Although the Bruce/Darlington F/Ms are difterent, there is commonalty in the
basic technology. This also applies to the different fuel transfer and storage systems that are
tailored to meet the different station requirements. CANDU 6 is a single unit station, whereas
Pickering and Bruce/Darlington are multi-unit stations.

In mature operating stations, fueling capability may be affected due to pressure
tube In-Service [nspection Programs. Such programs often require the use of some of the fuel
handling equipment.
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3 BALLSCREW ASSEMBLIES

A ballscrew assembly is a device comprising a screw and a mating nut with a
complement of bearing balls for translating rotary motion to linear motion or vice versa. Its
mechanical efficiency is more than 90% when converting torque to thrust.

Ballscrews have been used on CANDU F/M ram assemblies in water lubricated
applications, as well as in a more conventional application for vertical motion of the F/M using
grease or oil lubrication. This report will dea! with ballscrew applications in a water
environment.

i1 APPLICATION

The F/M ram is a severe application for a ballscrew assembly in that the device
must operate uniubricated, in water. In some applications, the ballscrew acts as the ram itself
and penetrates the reactor fuel channel end fitting environment. On other applications, the ram
only needs to reach the channel closure, hence it is only exposed to the lower temperature of the
F/M magazine hor.ing. For some of these applications, the rowition of the ballnut has resulted
in linear actuation of the ballscrew.

The operating temperature of the ballscrew assembly in the CANDU 6 ram is
kept at the F/M temperature. The operating temperature is a significant factor in the selecuon of
materials.

32 DESIGN

The ballscrew assemblies which are specified for CANDU F/M generally
incorporate deflectors that are separate from the return tubes. A ballnut may have one, two,
three or more circuits of balls in an assembly; this usually depends on the proprietary design
being considered.

Ballscrews without separate deflectors, but incorporating pick-up fingers on the
return tubes have been used on some applications with relatively small ball sizes. With this
design, jamming of the balls could occur, should the pick-up fingers fail,

Development testing of cross-over ballnuts was also carnied out with limited
success. Cross-over ballnuts incorporate transfer inserts to form a cross-over path, which guide
the balls internally from the end of the circuit to the start of the same circuit. The contour of the
cross-over path is critical to ensure smooth ball transfer. It was concluded that some
development testing was required for each new application to optimize the cross-over path. The
advantage of this design is that return tubes and deflectors are eliminated.

A vanation of the cross-over design featuring an internal axial ball return path in
the ballnut has also been tested.

33 MATERIAL

Precipitation hardening sta. s have been used for the ballscrew and
ballnut components.
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For ballscrews which act as the ram uself and are exposed to high temperatures in
the reactor fuel channe! end fitting, the hardness has been limited to preclude stress corrosion
cracking. The mating nut remains within the F/M with relatively lower operating temperatures,
hence hardness has been specified without danger of stress corrosion cracking.

Generally, the ballscrew outlasts the ballnut, hence a womn nut can usually be
replaced with a new one on the original screw.

34 BALLSCREW

The ballscrew thread form is either a single uniform radius or Gothic arch
configuration. Some manutacturers favour the Gothic arch since it permits control of the contact
angle between the balls and races for optimum performance.

Backlash on the ballscrew assembly is important to ensure smooth operation,
Gothic arch configuration allows more flexibility in the control of backlash.

Single start threads are most commonly used. However, muluple thread starts
have been used where the application required such a design.

Lead error on the thread is controlied to ensure smooth operation. The lead is
generally selected so that the screw will possess backwinding capabilities.

[n the event that the F/M ram 1s stalled against a component in the reactor fuel
channel end fitting, and the ram cannot be retracted for an extended period. backwinding
capability of the ballscrew could relieve any high compressive stresses which may 22 generated
due to differential thermal expansion.

Straightness of relatively long ballscrews should be controlled to ensure smooth
operation. It is important that the screw be stress relieved following any straightening cperation
Otherwise, the high temperature service environment will tend to relieve the entraj ped bending
stresses and the ballscrew will partially rever: to its onginal bent condition. Different
techniques are available for straightening bent baliscrews.

35 BALLNUT

The balinut will usually wear faster than the ballscrew, since the wear will be
more uniformly concentrated over a smaller area. In the most extreme case, the deflectors or
pick-up fingers on the return tubes will begin to rub on the side of the ballscrew thread form,
after sufficient wear occurs. However, corrective steps can be taken well before this occurs.

At the extreme ends of trave! of the ballscrew assembly, provision can be made so
that the ballnut does not jam as a result of weadging action. Ballscrew assemblies with small lead
angles are particularly susceptible to jamming, unless provision is made to prevent the wedging
action from happening. One possible solution ir.volves provision of a mechanical stop so that at
the extreme ends of travel, radial contact of separaie screwed and nut mating stops will prevent
the wedging action from taking place. A relatively large lead angle on the thread will also tend
to alleviate this situation, but other factors such as desirable speed and torque must be
considered.
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When balis fail to recirculate, skidding results. This is evidenced by equally
spaced brinne! marks near the entrance of the ball return passage holes.

36 RETURN TUBES

Return tubes which guide the balls from the end of the circuit 1o the start of the
same circuit are often made from formed tubing It is imperative that bending of the tubes does
not restrict the smooth passage of the balls.

Some manufacturers make the return tube in two halves to ensure a uniform
passage for the balls. However, this design often leads to possible mismatch between the two
halves when constructed from tubing. AECL CANDU has developed an improved robust
design. whereby the two halves of this component are machined from barstock to overcome any
mismatch.

37 DEFLECTORS

To understand the ball recirculation system, an understanding of the ballscrew
assembly detail is required. Ball circuits consist of a quantity of balls which are intended to roll
along the thread as either the ballscrew or ballnut is rotated. The balls have to be continuously
picked out of the thread and returned back to the thread during the motion. T.  is achieved by
“ball deflectors™ inserted in the ball path which deflect the balls into retumn tubes (or ports)
which allow the balls to transfer out of the thread and trave! along the return tube for re-insertion
back into the thread, upstreem of the linear movement.

The face of the de‘lectors must provide a smooth passageway with the ball return
passage. Any appreciable mismatch will impede the smooth passage of the balls. Sume
manufacturers will hand fit each deflector to ensure a smooth passage. This, however, results in
time-consuming maintenunce, especially if any deflector requires replacement.

The face of the deflectors is subject 10 repeated impact of the balls as thev are
deflected into the return path. Early development experience indicated that a hardened face
would be required.

On some ballnut designs, separaic deflectors may not be wicorporated. Such a
design will be furnished with pick-up fingers on the return tubes, which extend into the
ballscrew groove, in a manner similar to a deflector. Should the pick-up fingers break off, it is
possible to cause jamming, since the balls may no longer deflect into the return tubes in the
normal manner. Wear of the pick-up fingers on the return tube may also be a problem since
hardening techniques would be limited on the relatively thin wall of the return tube.
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38 BALLS

Balls must be of uniform size and should be used in mawched sets. Size vanation
couid result in only the large size balls carrying the load, whereas the smeller balls are not
loaded at all. As each ball enters the recirculating passageway, it must displace all of the other
balls within the same circuit in a chain reaction. If the number of balls is relatively high, balls
may have difficulty in recirculating uniformly. The ball size can be increased in any new design
to reduce the number of balls per circuit, or multiple ball circuits can be used. Aliernatvely,
marufacturers often incorporate spacer balls. That is, each altemnate ball is slightly undersized
so that only the alternating larger balls carry the load. This results in improved recirculation, but
the life of the assembly is reduced due to higher concentrated loading on the load carrying balls
alone. AECL CANDLU has specified some plastic balls as spacers to reduce the wear rate
relative to metal spacer balls. It is important that the chosen plastic material is compatible with
the water chemistry. With plastic spacer balls, more frequent maintenance may be required.

The balls are radiographed in two planes to ensure that no cracks are present.
However, this is a time consuming process since each ball must be re-oriented for the second set
of radiographs. AECL CANDU has developed a more efficient method which combines
radiography and eddy-current method of non-destructive examination.

39 QUALIFICATION TESTING

Each new or rebuilt ballscrew assembly is immersed in a water-filled test ng and
cycled under simulated loading for about 200 cycles as a part of the qualification program. This
is to avoid any unnecessary disassembly and servicing after installanon in the F/M, due to any
malfunction.

Before any ballscrew can be purchase. irom a supplier for use in an operating
F/M, an extensive test nrogram is carmied out to qualify the product,
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4. ANTI-FRICTION BALL BEARINGS

During development of water lubricated anti-friction bearings, various corrosion
resisting material combinations were tried. Simultaneously, mechanical modifications were
incorporated in angular contact bearings in an attempt to alleviate excessive retainer wear, high
torque, and some skidding tn the raceway.

In one scheme, the retainers were segmented into three separate pieces. At the
recommendation of one manufacturer, unloading chutes were provided singly or in multiples in
either of the races. The unloading chutes were basically a small local relief in the ball groove in
the race to allow each ball to become unloaded during each revolution. Tests carried out by the
bearing manufacturer indicated reduced wear rates. However, when bearings were procured on
competitive tender, some angular contact bearings were purchased without unloading chutes
since it was a proprietary design, available fzom a sole source.

As a result of development and qualification testing, it was found that proper
material combination was the successful key for water lubricated anu-friction bearings and
mechanica! modifications were unnecessary.

4.1 AFPLICATION

Duae to the relatively high cost of stainless steel ball bearings, a minimum number
are used within the pressure boundary of the F/M.

Where possible, the shaft penetration into the pressure boundary uses grease
lubricated bal! bearings externally to resist the axial thrust due to the pressure differential, and
uses the internal water lubricated ball bearings to carry only radial loads. However, care is taken
to ensure that installation and maintenance features of the design are not jeopardized.

42 DESIGN

The retainer is centered on the race so that it will not jam as a result of looseness
caused by wear. Retainers centered on the rolling elements could cause jamming, if they were
allowed to wear excessively.

Angular contact bearings are specified as matched sets. Deep groove ball
bearings feature Conrad construction, with riveted retainers. Radially split ball bearings with
one piece retainers, which allow an additional ball for anv fixed geometry, have also been used
successfully,

Roller bearings are not recommended since the ends of the rollers tend to gall due
to sliding contact, and not rolling contact, as in ball bearings.
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$5.1.3 Rod Seals for Linear Moton

Seals made from segmented rings, retained circumferentially by a garter spring
have been ..ed in the F/Ms,

In some | pplications where the operating stroke 18 very short and the sealing
requirements are very stnagent, a rubber T-shaped ring which has phenolic non-extrusion rings
on either side, has been used. The shape of the ring is such that it will not tend to roll, as with a
standard O' ring.

513 Oil Seals

Generally, commercially available oil seals have been successfully used. They
are generally used to prevent contamination of water by the lubnicating oil or grease in the
bearings. No development work was necessary

514 Piston Rings

Piston rings have been used in water applicatons. For small diameter
applications, where more flexibility is required for installation, polyimid: material has been
used.

5.2 STATIC SEALS

2.1 Metallic

The CANDU FM relies heavily on the use of Grayloc seals to seal the joints
between the major housings. This seal design is based on an oversized double-tapered seal ring
which is forced inside two mating housings by an external clamp which wedges the housing
tightly together.

During assembly, the internal tapers on the housings, the tapers on the seal rings
and the external tapers on the housings are liberally coated with lubricant to prevent galling and
seizure,

Problems have been experienced in attempts to reseal large Srayloc joints.
Recutting of the hub seal surface may he possible which would require an oversized ring, but
this is more expensive and Code parts are affected.

Some development testing was carried out with an alternative seal ring which is
interchangeabie with the Grayloc seal ring, but with a lower sealing force.

A metallic ytatic seal is aiso used 1o seal the F/M snout to the reactor fuel channel
end fitting. This is a double bollows, self-energizing metallic seal. The life of this seal is in
excess of 100 cycles.

The key to successful application of the metallic static seals is that the mating
surfaces must have a good lapped surface finish without any radial defects. Grooves should be
avoided since the sealing surface would be difficult to lap.
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52.2 Elastomer

O’ rings are used extensively in the F/M. In the Bruce /N <0 O' ring 15 used to
seal the rear cover on the magazine housing. O’ rings are always replaced on re-assembly

However, if the operating temperature of the F/M is low enough, the use of
elastomers appears 10 have considersble justification
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6. GEARS

Some of the CANDU F/Ms incorporate water lubricated gears within the pressure
boundary. Conventional gear design was found to be adequate using stainless steel and
aluminium bronze as matng matenials, although the latter material has exhibited higher than
desirable specific wear. Spur gears and strength bevel gears have both been used successfully

However, in the CANDLU 6 design, it was not necessary to inCorporate gears
within the pressure boundary of the F/Ms
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8. CATENARY

Flexible rubber hoses are used to supp'y water and o1l to the vanous actuators on
the F/M. Hose flexing is generally confined to bending. Twisting is avoided as much as
possible.

Flexible rubber hoses have a limited service life on the F/M due 1o urradiation,
abrasion, mechanical damage and possible attack by the environmental condition in the reactor
vault, such as ozone or nitric acid, if present.

A major factor in reduced service life has been mechanical damege or radiation
damage (hardening and cracking) to the outer sheath of the hose. This exposes the wire braiding
beneath 1o attack by the corrosive vault atmosphere and can lead to failure of the weakened hose
if it is not replaced.

It was found that thorough visual examination is not possible and in some cases it
cannot be relied upon to predict the remaining useful life of the hose.

AECL experience has shown that replacement of hoses on a regular basis is the
best solution to prevent hose burs: during operation.

Flow fuses which are essentially automatic shut-off valves that close upon excess
flow have been incorporated in some systems, but they were found, on occasion, to interfere
with normal operation under spurious high flow conditions. Solenoid valves used in conjunction
with pressure switch actuators may be better suited in some applications to protect the system
from gross leakage in the event of hose failure.

Use of metallic hoses have generally been restricted to high temperature water
applications. Metal'ic hoses are capable of longer service, but are more costly compared to
rubber hoses. During pressure testing, metallic hoses have a tendency to stretch. Some
difficulty was encountered in forming them into a multi-hose hang- - catenary loop, comprising
hoses of equal length. In the Genully | F/M application, however, all of the catenary hoses were
of the metallic type.

In the Pickering application, the catenary loop including ot! and water hoses, as
well as power and control electrical cables are formed into a long hanging loop. So. e twisting
occurs when the F/M is rotated by 90° but because of the long length of the loop, there has been
no detrimental effect.

Power tracks have also been used extensively in some applications to control the
bending motion of the hoses and cables as a group.

On the Gentilly | appication, a quick disconnect assembly was provided to allow
remote removal of the F/M from the suspension. Manual intervention was only required to
re-connect the electrica! connectors.
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9 DEVELOPMENT PROGRAMS

Continuing development programs serve to further advance the technology of the
CANDVU fuel handling system.

9.1 F/M BEARING MATER’ALS FOR USE IN WATER LUBRICAT. D SYSTEMS

Various components in the F/M are subject to shiding and rolling lo: 4s 1n a water
lubricated environment. Some of the components which perform well in a grease o il
lubricated system exhibit premature wear and failure in water.

A continuing program exists that examines various systems or components used
in the F/Ms and carries out applicable tests to evaluate different materials. The aim of the
program is 10 recommend superior materials that prolong component life or provide other sysie n
benefits.

92 IMPROVED SEPARATORS

The separators that are required on CANDU 6 F/M are relatively complicated and
require frequent maintenance. They are DO activated requiring associated equipment such as
specialized valves that are costly as well as precision machined.

The program will investigate a different method of achieving the requirements
that are presently provided by the separators. This program is not intended 10 improve the
design of the present separators,

9.3 ‘C' RAM TAPE DRIVE

The ‘C' ram on the F/M ram assembly is basically a D;O operated telescopic
ram. Position monitoring is achieved using a tape anchored at the front of the ram that is
unwound from a spool provided at the back of the ram. A spring m_.or is used to provide the
tension on the tape. However, this system is prone to failure due to non-uniform tension on the

tape.

A development program is underway to replace the spring motor with an electric
motor.
94 BORE SEAL CLOSURE

Adoption of a bore seal closure will allow significant changes to be made to
improve the design of the F/M, optimizatior. of core physics and refueling schemes.

A bore seal closure was previously used on the Gentilly 1 reactor, however there
were short comings to this design. The Fugen reactor in Japan has successfully used an
improved version of the Gentilly 1 design. A further improved version of the Fugen design is
presently being developed for the DATR reactor in Japan.

Work is underway at AECL CANDU to establish the requirements for a similar
design that will be suitable for CANDLU' and to be followed by development of a prototype.

9.5 IMPROVED RAMS

The existing mechanical ram assemblies incorporate water lubricated ballscrews
to convert rotary actuation to linear ram motion.
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CHAPTER §
FUELING MACHINE RECOVERY
i INTRODUCTION

In the event that a malfunctioning fueling machine (F/M) is ‘equired to be
recovered from the reactor end fitting. provision is made by built-in redundancy and manual
drives that can be driven with hand tools through penetrations into the reactor vault.

In abnormal cases, experience has shown that tooling can be built as required at
the time, rather than to have a number of tools on hand to meet postulated events. One
exception, however, is the grapples which permit use of a functioning F/M to defuel a fuel
channe! with the reactor shutdown, working only from one end of the channel, including
removal of fuel from a disabled F/M at the tar end of the channel.

This chapter describes the recovery aspects of the CANDU fuel handling system,
Examples are given to show how significant maifunctions have been resolved in the past.
Subsequent to these occurrences, modifications have been incorporated into the F/M to preclude
recurrence.

This chapter wili cover most major incidents tha* have generic implications,
therefore, the information will not be confined to CANDU 6 experience.
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SNOUT LOCK-UP

The snout mechanism temperature increases when clamped to the high
temperature reactor fuel channel end fitting  Difficulty with hydraulic lock-up occurred when
the temperature of the oil in the actuating hydraulic system increased with a corresponding rise
in the entrapped actuating pressure. This temporanly prevented unclamping of the mechanism.
The oil hydraulic system has since been redesigned to preclude a similar incident.

In many of the CANDU F/M snout designs, the anti-friction bearings which
st yport the actuating screw are provided with belleville washers to allow for any differential
t mmal expansion in the unclamping mechanism. The bearing races are tempered at a relatively
low temperature, hence brinnelling of the bearing races was experienced at one time due to
over-tempering of the races from the heat conducted from the reactor end fittings. This created
difficulty in unclamping the snout. As an emergency measure, it was necessary to cut the retumn
line on the hydraulic circuit to reduce the back pressure, hence increasing the differential
hydraulic pressure in the mechanism to achieve a higher actuating force.

The snout is designed to maintain sufficient clamping force to maintain a
leak-tight joint with the reactor end fitting. There was an incident where the mechanism was
found to backwind and have u tendency for the snout to unclamp. This was overcome by
specifying a more suitable lubricant in the Acme screw mechanism.

At Gentilly-2, the snout became stuck on the fuel channel end fiiting, apparently
due to lack of maintenance, resulting in deterioration of the lubricant in the snout mechanism.
Reducing the back pressure in the oil hydraulic actuating system to increase the unclamping
force was ineffective. Finally, the ‘B’ ram was used to relieve some pressure on the snout
mechanism belleville washers located adjacent to the anti-fniction thrust bearings to enable the
snout to unclamp.
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’ RAM ASSEMBLY

The ram assembly in the Pickering and CANDU 6 F/M is designed so that it can
be readily replaced without having to remove the F/M from the carriage. Before any serious
problem is encountered with the mechanical ram, waming of any impending malfunction is
generally forecast by evidence such as increased operating torque or seal leakage. Ballscrew
problems usually occur due to broken or worn balls. It is important that all load balls are of
equal size and that they be kept in matched sets. Should there be any appreciable variation in
the ball size, only the larger balls wiil carry the load, thus resulting in overloading and possible
failure,

When the ballscrew assembly reaches its extreme ends of travel, jamming of the
nut could occur, the extent being dependent upon the lead angle of the thread. It was necessary
1o avoid this jamming action for proper operation of the ram. One method which has been used
to avoid jamming is to provide dog stops on the ballnut and ballscrew members so that at the
extreme ends of travel, the dog stops terminate the relative rotary motion.

The rotating members of the mechanical ram drive are designed with low inertia
to minimize any undesirable impact forces, particularly with respect to the fuel string.

In the event that the mechanical ram is coupled to the reactor fuel channel
hardware, and the ram becomes inoperative, provision is made to ensure that differential thermal
expansion will not result in high stresses in the mechanism, The ballscrew lead is selected so
that the unit has backwinding capability.

There have been instances when the ram head became jammed on the fuel
channel hardware due to the ‘C’ ram preventing the latch ram to retract. *C' ram balls on the
ram head have now been preloaded with belleville washers such that an increase in ram force
will aliow the 'C’" ram balls to retract and release the latch ram. This has resulted in a significant
improvement since a stuck ram head on a shield plug or channel closure in the fuel channe!l will
otherwise prevent the normal closing of the fuel channel and subsequent operaiion of F/M snout
unclamping from the end fitting.

Mechanical shaft seal malfunction is usually evident from lcakage or improper
separating flow rates in the case of hydrostatic seals due to plugged jets. Mechanical ram force
control is important and worn seal surfaces could result in increased input torque. The seal
friction and other variable iosses are designed to be a small percentage of the running torque,
therefore, variation of the starting and running torque of the seal becomes less important. The
manual emergency drives that are provided on the mechanical ram are designed so that the input
torque for manual intervention is possible with a manageable torque requirement,

An alternative position monitoring system such as a mechanical digital counter is
used during manual intervention. It has been found that position monitoring read-out equipment
with small shafts using couplings which rely on friction, tend to drift. Components are selected
with adequate shaft sizes to allow the couplings to be positively fastened with locking pins.
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4 MECHANICAL DRIVES

On some of the F/Ms, a central gearbox 1s provided with multiple outputs to
provide ihe different drives. 1t is equipped with two a.c. induction motors to provide
redundancy. Speed control is achieved by variable frequency. Torque control is only moderate.
The output drive shafts are equipped with clutches that are interconnected by a series of spur
gears. Provision for manual emergency drive is provided on each output shaft on the shaft
extension at the non-driving end.

Other CANDU F/Ms generally use oil hydraulic drives. Oil hydraulic motors
provide excellent speed and torque control. However, maintenance of oil hydraulic systems
often leads to some oil spillage. Frequently, problems have been encountered in trying to obtain
spare oil hydraulic components several years after they were initially specified. In many cases,
it was found that the manufacturer no longer makes the identical component, hence creating
installation problems with substitute components, particularly when space is at a premium.

Several failures have occurred in mechanical drives when couplings on the shaft
of the drive systems were lost due to the failure of a fastener (tab washers, locknut, key). Some
of these incidents prevented reinstallaton of the channel closure in the channel end fitting after
fueling. Costly unit outages were required to recover the incapacitated F/M. In some cases, the
keyed coupling between the shaft and the gear were changed to a more reliable splined
connection. In other cases, improvements were made to preclude recurrence. The capital cost of
retrofitting splined shafts would be somewhat expensive. Problems arise in modification of
existing commercial equipment such as gearboxes.
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8. GRAPPLES

In the event of malfunction of a F/M or during a shutdown, it may be necessary 1o
remove fuel bundles from the fuel channel or from a disabled F/M. Grapples may be utilized
and defueling is possible using only one F/M.

A grapple is a mechanicai device that can be attached to the ram heacl on the ram
assembl ' and manipulated in the same manner &s in handling a channel closure or a shield plug.
The grappic length is equivalent to one fuel bundle. It incorporates spring loaded fingers that
cun be used 0 latch onto the fuel bundle at the end plate.

Once the fuel bundle is attached to the grapple, the F/M ram assembly can pull
a*e grapple and the attached fuel bundle into the F/M magazine station.

One or more ram extensions are used to allow the grapple to reach inside the fuel
channel and as far as the disabled F/M magazine at the far end to retnieve any stuck fuel bundle.
These ram extensions are two bundle length, compnsing cylindrical sections that can be attached
and detached to one another as wel! as the grapple. They can be stored in the F/M magazine
stations in a similar manner to a pair of fuel bundles.

The ram extensions and grapples may become contaminated but they can be
discharged from the F/M during maintenance and servicing.

For single-ended fueling as in CANDU 3, recovery of a malfunctioning F/» ¢
from the reactor is mostly done from the outlet end oi the fuel channe! without grappling t1e fuel
string. Additional features have been incorporated in the CANDU 3 F/M such as shielding
around the magazine housing and an isolation valve between the magazine and ram assem! ly to
allow some recovery operations 10 be performed.

The shielding around the magazine housing will permit limited access to .
malfunctioning F/M while it is still clamped onto a fuel channel. The isolation valve w.ll allow
replacement of a malfunctioning ram assembly while a F/M is still connected to the fue' channel.

The concept for recovery at the inlet end on the CANDU 3 single-ended fueling
system involves blocking off the fuel channe! to maintain the trapped fuel in a submerged
condition and then breaking the inlet feeder connection to allow access for fuel grappling.

The blocking of the fuel channel is to be achieved by means of an inflatable plug
which is transported through the inlet feeder by a pneumatic pipe crawler system which is
inserted at the inlet main header of the heat transport system. It should be noted that blocking
only takes place when the feeder connection has to be uncoupled. Once the inlet feeder
connection is uncoupled, transition piping and a valve/stuffing box arrangement is added
through the inlet vault rear wall and connected both to the inlet connection and to a
flask/grappling system. At this point the channel can he defueled with the system reflooded and
subsequently, access to the F/M can be gained to allow it to be removed.

A back-up fuel cooling water supply will be provided through the pipe crawler
system and the inflatable plug.
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3 - CONCLUSIONS

The fuel handling systems have been proven 1o be reliable and station incapebility
due to fuel handling is traditionally less than 1%

Upgrading of the fuel handling system is carried out on an on-going basis to
enhance capability, improve maintainability and reduce radiation exposure.

Research and development of generic nuture for possible back-fits to existing
operating equipment, as well as for future advanced systems 15 Carmied out separately under
programs sponsored by the CANDU Owners Group (COG), over and above specific
improvements pertaining to any piant design.




I'TR-305 Page 514 - ]
Rev. 0
14 BIBLIOGRAPHY

1. § Jayabarathan, “Ten Year Performance of Bruce Nuclear Generating Station ‘A’ On-Power
Fuelling System”, CNA 10th Annual Conference, Ouawa, 1989 June

01 £3/979
™
LI



Atomic Energy £ nergie ntomigue
of Canada Limited du Canada imiee TTR-308
CANDU Operations Opérations CANDU i

Rev. 0

CHAPTER 6

INTERACTIONS OF FUEL
HANDLING WITH REACTOR
PHYSICS AND FUEL DESIGN

1991 January

AECL CANDU

Sheridan Park Research Community
Mississauga, Ontano, Canada

LSK 1B2

FOD3) /8%
T
L 2T T



CHAPTER 6 Rev,

INTERACTIONS OF FUEL HANDLING WITH REACTOK
PHYSICS AND FUEL DESIGN

TABLE OF CONTENTS

SECTION
1 INTRODUCTION

|3

2 REACTOR FUELING AND PHYSICS

2.1 Introduction 6.2~ 1
2.2 Requirements 6.2 -2
2.2.1 Excess Reactivity 6.2 -1
22.2 Fuel Bundle and Ch¢ anel Power Constraint 6 .
2.2.3 Fueling Machine Ci pability 6.2 -3

3 224 Liquid Zone Contr | Level Require 6.2~3
2.3 Fuel (vonagement 6.2 -3
2.3.1 Channel Selectior for Fueling ¢

; 2.3.3 Short-Term and . ng-Term Power Profile 6.2
¢ &, Premature Fueling to Remove Defected Fue }
234 Computer Code Simulations ¢ 4
2.4 Conclusions 6.2

L

3 REACTOR FUELING AND FUEL DESIGN

oL 3.1 Background 6.3

s | Fuel Design Evolution 6.3
32 Fuel Handling Svstem Evolutio 6.3 -2
3.2 R(';.;;H."‘\"’:’K‘Y;[\ O 4
; pe By Fuel Handling Requirements Imposed on Fuel 6.3 -2
3.2.2 Requirements Imposed by the Fuel on the Fuel Handling Systen 6.3 -3
3.3 Fuel Bundle Design Features ¢ '
3.3.1 End Caps 6 !
) 3.3.2 Inter-Element S 6.3~ 5
333 Bearing Pads 6.3 -5
334 End Plates ¢ 5
' 3.3.5 Fuel Bundle Dimensions 6.3 -5
5.4 Proof-testing Programs ( 6
3.3 Fueling Power Ramp Evaluatior 63-7
3.6 Current Performance 6.3 -7

4 CONCLUSIONS 6.4

\ S REFERENCES ¢




00331970
TR
now

FIGURES

6-1
6-2
6-3

6-5

TTR-305 Page F -1
Rev, 0

CHAPTER 6

INTERACTIONS OF FUEL HANDLING WITH
REACTOR PHYSICS AND FUEL DESIGN

CANDU Fuel Bundies - 82.5 mm Diameter x 495 mm Long
CANDU Fuel Bundles ~ 102 mm Diameter x 495 mm Long
Basic Data for CANDU Fuel Bundles

CANDU 3 Fuel Bundle End Profile

SCC Detect Thresholds



TTR-305 Page 6.1 -1
Rev. 0

CHAPTER 6

INTERACTIONS OF FUEL HANDLING WITH REACIOR PHYSICS
AND FUEL DESIGN

1. INTRODUCTION

On-power fueling operations are intimately related to reactor physics and the
design of the fuel. The following two sub-sections establish this relationship for reactor physics
and fuel design, respectively.
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REACTOR FUELING AND PHYSICS

2.1 INTRODUCTION

The CANDU reactor design was predicated on the basis of using natural uranium
as fuel. Even with the use of heavy water as a moderator and coolant, the bulk excess reactivity
of an initial fresh core is small, approximately 30 mk compared to a typical excess reactivity of
> 200 mk for a LWR. Consequently, on-power fueling is necessary to achieve a reasonable
energy production per unit mass of fuel.

Analytical studies show that an ideal reactor from the point of view of fuel
utilization is one which is continuously fueled (i.¢., slurried fuel) and hence operates on the
average with very little neutron absorption in non-fuel components such as control rods. Thus
from the very beginning CANDU fuel design evolved in the form of short bundles of elements
about 0.5 m (20 in) long to approximate this ideal. The reactor fueling is done by pushing the
fuel bundles through the channels in opposite directions in adjacent channels. This
bi-directional fueling scheme provides flexibility in fuel management to achieve maximum fuel
utilization and ensures a symmetric axial power distribution in a global sense This was easy to
accomplish by providing a F/M a1 each end of the reactor. One F/M inserts fresh fuel at one end
of we channe!l and the other F/M receives irradiated fuel discharged from the other end. Based
on the design of the F/M magazine, the minimum number of bundles moved in the fueling
process is two bundles. Various channel fueling schemes consisting of replacement or
movement of two or four or eight bundies are used.

With the development of software able to simulate discrete bundle movements, it
was possible to evaluate the advantages and disadvantage« of replucing more than two bundles
per visit to a channel. It was found that the penalty on fuel utilization was not very large even if
four or eight of the twelve bundles in a channel were replaced each channel visit. Therefore,
CANDU reactors operate today mostly with replacement schemes of four or eight bundles per
visit (rererred to as four- or eight-bundle shift fueling schemes). More details are provided in the
references (2,

The number of bundles replaced per visit affects the physics since, as the number
increases, the iocal perturbation in channel power caused by the fueling operation also increases.
This is called “fueling ripple”. The fueling scheme also affects the axial power distribution or
the peak bundie powers. For example, use of an eight-bundle-shift scheme tends to flatten an
otherwise cosine power distribution,

The ability to change fuel in any channel at any time provides the option to
control the radial power distribution very effectively. This is done by ensuring suitable burnup
differential in the radial direction. Therefore, the CANDU design assumes this method of power
shape control is utilized. This means that, except for an initial transition period from an all-fresh
care to one with an equilibrium distribution of fuel irradiations, the power distributions and
physics characteristics remain constant in a global sense. This is described as a core at
“equilibrium” burnup.




" Ira o
. s;ll..~'

Ce

approximg

f v "

ac L alone
yperation. Tt
process systems and specia
Shutdown Systems (SDS




£ 570
TR
91 /000

I'TR-305 Page 6.2-3
Rev. O

223 Fueling Machine Capability

Burnup is optimized by the fueling strategy which is designed to keep bundle and
channel powers within the axial and radial power shape, The desired axial shape is achieved by
varying the number of bundles fueled in a channel per channe! visit. Radial shape is achieved by
ensuring appropriate differential burnup, that is, different burnup velues in inner and outer core
regions. This is achieved in practice by four-bundle fueling in the inner high-power region and
eight-bundle fueling in the outer low-power region. Usually, the burnup can be increased by
reducing the number of bundles fueled per visit. To allow for maintenance of the F/M, there is
an upper limit on rate of channel visits. Quite often, there is a trade-off between burnup and
channel visit rate. On-power fueling permits operation with an essentially constant power shape.

224 Liquid Zone Control Level Requirements

Adjusting the average water level in the Liquid Zone Control (LZC)
compartments 1s the primary means to control the bulk reactivity.

Conceptually, the reactor core is divided into 14 zones, with each zone controlier
establishing the power in & zone. Bulk power is continually controlled by raising or lowering the
water level in the 14 zone controllers. The normal reactivity range attainable by liquid zone
control is approximately £ 2 mk. Spatial control (for instance to control zenon instability, which
may be caused by movement of reactivity devices) is effected by differentially filling or draining
of individual zone controllers.

Under normal operation, the average zone water level is kept at about 50% with
individual zone levels between 20% and 80%. On-power fueling capability helps ensure these
constraints.

23 FUEL MANAGEMENT

The excess reactivity in an initial CANDU core is approximately 30 mk
compared to | mk for an eouilibrium core. This is suppressed by boron dissoived in the
moderator. Onset of fueling occurs about 90- 110 full power days after initial eriticality. For an
equilibrium core, the reactivity depletion raie at steady-state conditions 1s approximately 0.4 mk
full-power-day. To compensate this reactivity depletion rate, three or four channels are usually
fueled (assuming an eight-bundie-shift fucling scheine) per day for five days a week

231 Channel Selectior. for Fueling

The primary criteria for channel selection are burn-up and channel power-ripple.
The highest burnup channel is normally selected, provided the post fueling state satisfies bundle
power, channel power, ripple and zone level requirements. About 3% margin to trip is ensured
during actual fueling. In addition it is ensured that no ‘hot spot’ is created in the core

232 Short-Term and Long-Term Power Profile

The reactor fueling is done in such a way that the deviation from the long-term
time-average target in power and burnup is minimum. In addition, it is ensured that zone control
levels do not become limited high or low for transient situations, that is, when the freshly fueled
bundles have not attained equilibrium xenon concentration. .
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233 Premature Fueling to Remove Defected Fuel

Fuel defects are first indicated by the Gaseous Fission Product (GFP) system.
This system analyzes a flowing sample of Primary Heat Transport System Coolant (PHTS).
After defect identification is done, the defect location (channe! identification) is done using a
Delayed Neutron (DN) monitoring system. The severity of fuel defect degradation dictates the
urgency to remove the defect to keep the heat transport system relatively contamination free. An
effort is made to remove the defect as soon as possible, even at the expense of burnup loss if the
channel is not ready for fueling. To minimize the probability of ‘hot spot’ creation, sometimes
one or two depleted fuel bundles (i.e. initial enrichment less than natural (0.72%)) are used.
Predictive computer simulations can be carried out to ensure that:

a. Bundle power and channel power constraints are satisfied for the steady-state (i.e.,
equilibrium xenon established);

b. Post-fueling channel power ‘ripple’ is acceptable;

¢. During actual fueling (xenon-free fresh fuel), none of the zone contro! levels becomes
iimited-high or limited-low.

234 Computer Code Simulations

Obtaining optimum average discharge burnup of the fuel is an important aspect of
the physics design and operation of the reactor core. This requires a three dimensional code
which is capable of calculating the time history of the flux and power distributions in each fuel
bundle from any particular starting point in time.

Computer simulations are usually done twice a week to track steady state burnup
and power.

24 CONCLUSIONS
On-power fueling is a major contributor to the economic competitiveness of a
natural uranium reactor. Its successful achievement results in six major advantages:

1. Itenables the reactor to have a high capacity factor, typically at least 6% better than
reactors with off-power fueling;

2. it permits major outage scheduling independent of fueling;
3. It permits higher utilization of natural uranium and therefore lower fueling costs;

4. Irall ws the on-power identification, location, and removal of defected fuel. This helps
to keep the heat transport system relatively free from fission-product activity and reduces
the need to shutdown the reactor for defected fuel removal;

5. Itleads to very safe reactivity control devices’ design such that there is never a large
amount of absorbing material thas can be quickly removed from the core;

6. It faciliivies satisfaction of bundle power, channel power, and zone power limits set by
reguis rencies.
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8. The narmal fueling operation in whict: fuel 1s removed from the channel and some of it is
re-inserted, shall aot expose any bundle to crossflow at each fueiing for a pericd longer than
has been shiown to be acceptable in tests,

9. The need for flux suppression to be built into the pusher shall be evaluated, taking into
account the relative requirements of the fuel and reactor control from the effect on zone
controller detectors.

10. New fuel bundles can cause severe gouging of pressure tubes when they are first loaded
manually into a new reactor. To prevent this damage the bundles shall be loaded while
resting on metal shimstock which is then removed manually.

11. When the F/M contains irradiated fuel to be reloaded into the core, it shall not normally be
depressurized. Occasionally depressurizations during abnormal events are acceptable
provided that there is no indication of fuel damage. (Depressurization causes the sheath 10
release its grip on the cracked pellets and permits relocation of pellet fragments. This causes
& minor reduction in fuel performance which is acceptable in abnormal events but not for
routine events.)

12. The irradiated fue!l transfer system shall generally keep all fuel surfaces wet, however,
exposure to air for a short period is permitted so that fuel can be transferred out of the heavy
water system and into the fuel bay. Emergency water sprays or floodings are needed to cool
the irradiated fue! if the systen. delays the operation during fue! transfer to the bay.

13. Provision should be made for inspecting defected fue!l in the bay so that the causes of defects
can be quickly assessed and can then be eliminated by changes in manufacturing or in
operation. Equipment needed includes:

inspection table,

bundle rotator,

periscope, telescope or underwater TV,
lights,

handling tools, and

camera.

-0 a0 o

34 FUEL BUNDLE DESIGN FEATURES

The external features of the fuel bundles are desigrsd to meet all the requirements
piaced on fuel. Specific bundle features include end caps, inter-element spacers, bearing pads
and end plates as described below.

33.1 End Caps

Fuel element closure 1s provided by two end caps welded to the sheath. The end
caps are appropriately protiled to interface with the fuel handling system components. They are
designed to ensure adequate mechanical strength when subjected to the loads imposed by the
fuel handling system. The material used is specified and inspected to ensure adequate strength
and lack of porosity, which is nceded for fission product containment.
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332 Inter-Element Spacers

The end plates maintain separation among the elements at the bundle ends while
inter-element spacers maintain separation at intermediate points. The spacers have a length to
width aspect ratio of about 3.5. They are mounted with their major axis slightly angled (skewed)
with respect to the sheath axis. The spacers on any two adjacent elements are skewed in the
opposite direction. This skewing increases the width of possible contact between the spacer
pairs and decreases the probability of spacer inter-locking.

333 Bearing Pads

The bundle is supported on bearing pads distributed aleng the length of the
outward facing aspect of the outer element sheaths and attached to them by brazing or welding.
They protect the fuel sheaths from «ny mechanical contact throughout the fuel bundle lifetime.
The pads are profiled to minimize surface damage to the pressure tube cduring the bundle
residence in the reactor and during refueling operations. The pads are also designed to minimize
local corrosion of the pressure tube.

To eliminate crevice corrosion of pressure tubes, bearing pads will now have a
“T-shaped” cross-section. Out-reactor and in-reactor testing of several designs of advanced pad
geometries has confirmed the selection of the T-pad as the optimal design to reduce the t.zat flux
through the pad surface. The reduction in temperature of the pad surface at the pressure tube
contact zone is sufficient to prevent excessive concentration of the LIOH regardless of the
severity of the crevice formed at the pad/tube interface. Tests in a corrosion research loop and
in-reactor in NRU and NPD have shown no crevice correion. Posi-irradiation examination has
found hydride/deutride formation and distribution in the T-pads to be similar to that seen in
standard pads.

334 End Plates

The end plates hold the fuel elements together in a bundle configuration. They
are designed to be strong enough to maintain the configuration and also to allow axial loads to
be distributed among many elements instead of being concentrated on a few. Simulitaneously
they are flexible, to allow differential axial expansion among the elements, and to permit
bending and skewing of the bundle. The end plates are thin, to minimize the quantity of neutron
absorbing material and to minimize axial separation between the fuel pellets in adjacent bundles.

335 Fuel Bundle Dimensions

The fue! bundle dimensions are specified to ensure that the bundle will interface
with the fuel handling and fuel channel components.

A bent tube gauge is used by the fuel bundle manufacturers to monitor the
maximum diameter of the bundle and its ability to pass through the rolled joint sections of the
fuel channe! and channels at the end of life.

The bundle length is controlled to ensure that the total fuel bundle string length
including fuel pusher, during operation, will not exceed the distance available in each fuel
channe!
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Dimensions B, E, H and @, as illustrated in Figure 6-4, are specified to ensure that
the profile of the bundle ends will be compatible with the fuel separator assembly. Dimension B
is sized to ensure that the bundle diameter is large enough to mate with the sidestops.
Dimension E is sized to ensure that the end plate does not contact the sidestops during refueling.
The minimum value of dimension H ensures sufficient axial clearance for the insertion of
sidestops between two bundles, and between a bundle and shield plug. The maximum value of
dimension H ensures that there is sufficient clearance for the fue! pusher to separate and push
bundle: into the fueling machine magazine, and minimizes the incidence of interference between
bundles in the magazine and bundles held back by the sidestops. Angle @ is chosen so that the
sidestop load . the conical end cap tends to be applied at the tip of the sidestop.

34 PROOF-TESTING PROGRAMS

An extensive program of fundamental work has been underway in Canada for
many years to investigate UO, irradiation properties, material properties of Zircaloy sheathing,
and critical heat-f'ux behaviour.

For each new reactor design, specific proof-tests are done to demonstrate that the
fuel design will meet all the requirements associated with the fueling system. These tests are
done in out-reactor full-scale loops located in the Sheridan Park Engineering Developmen:
Laboratory in Mississauga, and at other test facilities operated by the Canadian industrial
consultants. The test loops are built with reactor components and the test conditions are
representative of coolant pressure, temperature, and flow. The following tests were done for the
CANDU 6 design:

- hydraulic flow resistance tests to measure pressure drop and hydraulic drag forces for the
fuel column. The drag generated by the coolant represents the main load imposed on the fuel
separators during fveling.

- strength tests to demonstrate that the loads imposed on the fuel duning fueling will not
damage the fuel.

- fueling impact test to demonstrate that impacts that normally occur between bundles during
fueling do not adversely affect fuel performance.

- sliding wear tests to demonstrate that the wear damage caused by normal fueling operations
is within wear allowances for the fuel and pressure tube.

- endurance test to demonstrate that the fretting damage caused by fuel vibration is within the
fretting allowances. The duration of the tests normally corresponds to the maximum dwell
time of a bundle ir: one position in a high flow channel. The dwell depends on the fueling
scheme.
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35 FUELING POWER RAMP EVALUATION

As part of normal fueling operations, fuel bundles can be shifted to two or more
positions in one fuel channel. Any resulting power ramps must not cause systematic or multiple
fuel element defects. The criteria for evaluating the nisk of sy stematic fuel defects are
represented by empirical correlations which were derived from a large database. The database
includes many multiple fuel element defects that have occurred during the past 25 years in the
NRU experimental loops and during the early years of operation in some CANDU power
reactors. In most cases, the defect mechanism was stress corrosion cracking of the fuel sheath,
brought on by a power ramp.56) The probability of fuel defect increases during a power ramp if
the ramped (final) power and the power increase both exceed threshold values which are burnup
dependent.®) o

Figure 6-5 shows three sets of threshold curves for predicting power ramp
conditions that cause stress corrosion cracking fuel defects. These curves which have evolved
since about 1974, have crept upward to reflect good fue! performance in CANDUSs and in the
NRU reactor. The 1979 curves were originally recommended for use in CANDLU 6 reactors
where bundle powers peak at about 900 kW. They represented the stress corrosion cracking
defect threshold values for CANDU fuel thai contained graphite coatings (Canlub) on the inside
surface of the fuel sheaths, In the 1670s, Canlub was recognized as an effective solution to
stress corrosion cracking problems. In 1982, the curves were adjusied upward to reflect good
fuel performance during four bundle shifts at Bruce A. At that ume, thousands of fuel bundles
were successfully power ramped beyond the 1979 threshold curves. The operating bundle power
envelope peaked at about 1000 kW. Tn 1985, the curves were redrawn again to reflect good fuel
performance in NRU where CANDU-type fuel with good quality thick CANLUB graphite
coatings survived very high power boosts®). Since the 1982 curves are based on CANDU power
reactor data (four bundle shift experience at Bruce A), they are recommended for use in
evaluating fuel performance in CANDU 3 for base load operation. At this time, the 1985 curves
are not considered “proven” for power reactors because the database does not include power
reactor data'®',

The fueling operations currently used in all CANDUSs generally expose bundles to
power ramp conditions that fall below one or both of the 1982 stress corrosion cracking defect
thresholds. There has been no evidence of fueling operations causing stress corrosion cracking
fuel defects since the mid 1970s.

36 CURRENT PERFORMANCE

The 37-element bundle design has performed with acceptably low defected fuel
rates in operating CANDU reactors. This defected fuel rate has been less than 0.1% of bundles
irradiated. About 500,000 bundles of the 37-element design have been trradiated to 1990. The
CANDU 6 reactors have bundle power limits up to 935 kW, while the Bruce reactors are
licensed for powers up to 1035 kW. The bundle has been successfully tested to an equivalent
1200 kW power.
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There have been miner “excursions” where a number of fuel elements defected
simultaneously in some reactors. Such excursions have generally been detected and resolved
quickly without having to derate the reactor. Defected fuel detection and location systems,
combined with on-power refueling capability, permit prompt removal of defected fuel. Fuel
inspection equipment located in the fuel bay enables the utilities to pinpoint the cause of defects
soon after the excursion. By resolving fuel performance problems soon after they occur, the
extent of radioactive contamination within the reactor building can be minimized.

The on-power fueling capability and defected fue! location systems reduce the
need to derate or shut down the reactor during a defect excursion.
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4 CONCLUSIONS

Details on the interaction of on-power fueling with reactor physics and the fuel
design itself have been provided. In addition, operationai details and computer codes which are
used to evaluate the impact of fueling operations on physics and fuel have been discussed.
Benefits which accrue from on-power fueling have been identified
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CHAPTER 7

SAFETY ASSESSMENT OF FUEL HANDLING
1. INTRODUCTION

This chapter considers CANDU nuclear fue! handling primarily from a safety
viewpoint. For protection of the workforce, the public and the environment, undesired events
include:

~ approach to nuclear criticality by fuel outside a reactor
~ fue! failures during or due to fuel handling
~ fuel handling induced dispersal of radioactivity

fuel handling induced dispersal of tritiated heavy water

~ excessive radiation fields around fuel ha-dling equipment when operator access is
p *rmitted.

Lefence against such events, and mitigation of unavoidable events, are built into
the design of the fuel handling system.

The CANDU reactor safety is designed for defence~in-depth, meaning that an
intact fuel sheath is the firsi line of defence against activity release; if there is a fuel defect, then
an intact pressure boundary of the pnmary heat transport system retains the activity. The
CANDU fueling machine (F/M) is part of the primary system, oecause at least while the F/M is
“on-reactor”, the F/M also represents the primary pressure boundary

If the seal between the F/M and an end fitting fails, then activity may escape into
the containment. As a next defence, the containment is designed to prevent dispersal of
radioactive materials, and as further defence against concentrated activity reaching the
population at large, a stack may disperse filtered, vented gases, and an exclusion zone is
maintained around the nuclear power station. To keep the fuel sheath from failing, various
cooling means are provided to mitigate the hazardous consequences. Also, shielding, protective
clothing aad rigorous controls miaimize radiological exposure of the operators. Even so, some
hazards remain and must be provided for.

Any abnormal operation of the fuel handling systems which may result in fuel
overrating, as manifested by high burmup, excessive fuel temperatures and failures of the
nuclear fuel has to be considered. Depending on the seventy of the event, the consequences may
affect some operating personnel at a reactor station, perhaps the environment or even a part of
the population near a nuclear generating station. Minimizing fue! failures during fuel handling
can simplify the short and long term storage of the wrradiated fuel and reduce the related safety
is.ues.
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The CANDU fuel handling system consists of equipment for new fuel loading
into a F/M, the actual F/Ms, which are sophisticated remotely operated machines to remove and
replace fuel channel closure and shield plugs, and charge and discharge fuel bundles to and from
individual fuel channels of the reactor, and transfer mechanisms which deposit the irradiated fuel
in an underwater storage bay. The detailed functions, operating principles, monitoring, controi
and maintenance of these systems, and the recovery after a malfunctioning of a fuel handling
system are described in other chapters of the this report.

CANDU “on-power” fueling nas a 35 year history of shared development efforts
among AECL, Ontario Hydro and several other utilities and manufacturers in Canada and
abroad. Since some undesired events occurred in the fuel handling systems of the various
operating reactors, experience gained from all CANDU power reactors built to-date were shared
by the affected utilities and organizations. In 1984, a CANDU umbrella organization called
CANDU Owners Group (COG), was founded to coordinate common efforts COG collects data
on safety related events, and undentakes joint funding of development of safety related
improvements, modifications and new designs. The lessons learned from past operation of
CANDU stations and from COG development efforts reflect in the safity benefits of the new
generation CANDU 3 reactors

As the CANDU power reactors evolved, their operation and safety have been
subject to strict government licensing. Thus, it is inswructive to point out “hat although there are
no regulatory requirements codified for CANDU fuel handling safety, 'he selevant government
guidelines (V) state that the licensee has to perform a comprehensive an:' detailed review of the
design to identify failures of equipment. The licensee must analyze o predict the consequences
of these postulated failures of fuel handling equipment. lodeed, this was done for each CANDU
reactor to satisfy the government licensing requirements. Gow! »ngineering practice and the
licensing guidelines dictate that the causes of each undesired event related to fuel handhing
systems of CANDU reactors should be understood, and a solution developed which would
eliminate the event, or at least alleviate the consequences.

The safety of the CANDU fuel handling systems is judged by three methods:
~ review of fuel handling related undesired events at existing CANDU power plan s
- probabilistic assessment of accidental occurrences

~ deterministic calculation of the consequences of selected hypothesized accident
cases.

The current CANDU design criteria for maximum permissible doses to atomic
radiation workers (' are listed in Table 7.1. Although the limit doses do not distinguish between
the sources of the radiation, they are of vital importance to workers, who may be in the
containment building on a regular basis, (e.g., on fuel handling related work). The maximum
permissible doses to any other person (outside containment) are also specified @) but these are
covered in the other safety related discussions, for example, in connection with the CANDU
containment system. .
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The terminology of the International Nuclear Event Scale (INES) @ is used in
this report to classify undesired events at nuclear power plants. Table 7.2 gives this
classification. Undesired events may be referred 10 either by level numbers or by equivalent
descriptive names.
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2 OPERATIONAL SAFETY EXPERIENCE

2.1 REVIEW CF ACTUAL ACCIDENTS AND INCIDENTS

The Canadian designed and built power reactors, the CANDUS, have already
operated for an accumulatea service life of about 250 reactor year  During this operating
experience, there have been no fuel handling “accidents with off-site risks", that is, with
radioactivity releases from reactor containments, in which the emissions represented a hoalth
risk to the public at large. There were a very limited number of “accidents mainly in the
installation”, affecting the operations and causing some radiation overdoses in a few operators.
There were a few “major incidents™: some cases with modest activity release within the
containrnent building, and a few cases resulting in operator radiation doses in excess of the
regulatory limits. Lesser incidents were more numerous, but mostly of the readily corrigible
type. The fuel handling incidents experienced from 1980 1o 1989 and their methods of recovery
or technical remedics are discussed in Chapter 5. This chapter groups and discusses the most
important events in fuel handling with safety implications from a broader period, covering all
fuel handling related undesired events in CANDU.

2.2 FUELING MACHINE EVENTS

Few fuel handling problems with safety implications were experienced. These
events could be categorized as cases where F/Ms were “on-reactor”, that is, with a F/M attached
to an end fitting, or events with improper interface between a F/M and the matching end fitting,
or with F/Ms “off-reactor”, that is in transit or at the irradiated fuel port. The undesirable events
included irradiated fuel bundle damage in transfer mechanisms (other than the F/Ms) on the way
to the irradiated fuel storage bay, and an irradiated fuel bundle dropping to the vault floor, and
remaining there without liquid cooling.

22.1 Fueling Machine On-Reactor
With the F/M artached 10 an end fitting, undesired events included:

a. Break or puncture of inlet or outlet hoses to a F/M. Such events occurred within the
predicted service life range of the flexible rubber hoses in spite of regular inspections for
pinholes, and preventive maintenance programs which replace unfailed hoses at regular
intervals. The consequences of hose failures were spillages of tritiated primary heat
tran:port coclant via the F/M into the containment. Most spillages were terminated by
automatic excess—flow valves or fail-closed isolation valves. Very rarely has such a valve
failed as well. There were no fuel failures in the reactors or in the F/M due to such hose
breaks.

b. Damege to fuel bundles in & fuel channel. Such events occurred at an end fitting seal face, at
a magazine face by irregular maneuvers of the F/M and by failures of some components of
the mechanisms (¢.g., too many bundles loaded, lack of fuel carier tube, malfunctioning
bundle stop, rotawed magazine shearing a mislocated fuel bundle). During the recovery
operations, some activity was released into the F/M vaults.
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223 Fueling Machine Off-Reactor
With irradiated fuel in the F/M, various events with safety implications occurred:

a. Break or puncture of inlet or outlet hoses to a F/M, or liquid coolant line or hose breaks
causing tritiated heavy water spillages. Once after an outlet line break, boiling -off partly
depleted the liquid coolant in the F/M and some irradiated fuel overheated for a short time,
but there was no fuel failure.

b. Loss of pressure control in a F/M. Once after a safety relief valve opening, it failed to
reclose, the pressure control was lost and spillage of D0 ensued. There was no fuel failure.

¢. Loss of coolant level control in a F/M. This occurred once, when spillage from & broken
hose short circuited the level control connections in a distribution box on the F/M and caused
exposure to air of irradiated fuel bundies 11 the magazine of the F/M. Some fuel failure
ensued.

d. Mechanical failure of a F/M. On one occasion, a fuel transier ram became stuck while
irradiated fuel was in the magazine above the coolant level. Operator intervention by
flooding the machine with water from the fuel bay prevented fuel failure. Once, @ magazine
could not be rotated 1o submerge the fuel in an upper site into the coolant, and an irradiated
fuel bundle overheated and defected.

¢. Oil spill from a F/M. On one occasion, up to 230L (60 U.S. gal.) of oil spilled from a filter
break on a F/M ram operated by the oil hydraulic system. There was no ensuing oil ignition.

Inlet or outlet hose breaks on an off-reactor F/M are 1solated by automatic valves
or within 15 minutes after the breaks by remote isolation of the flows by the reactor operator.
This is the same procedure that is used for on-reactor hose breaks.

In the events where a hose broke or a supply line weld failed, or an operator erred
resulting in a F/M calibration port vent valve remaining open, tritiated D,0 coolant was spilled.
The worst spill was about 92 Mg (100 tons) of heavy water into containment, but in all cases, the
heavy water was recovered.

Short circuiting of control wiring by water outside the F/M is now prevented by
individual water-tight caps for each wire junction, and by physical separation of the redundant
control devices and their wiring.

224 Fuel Failure Outside Reeztor and Fueling Machine

Fuel failure outside a reactor and outside a F/M occurred during loading of fresh
fuel into a F/M, and during irradiated fuel transfer from the F/M,

Fresh fuel is fed manually to a new fuel loader and from there to the F/M.
Mechanical damage to new fuel occurred in the new fuel loader, bu: the damage was detected
and the fuel was discarded before insertion into the F/M.
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Irradiated fuel from ¢ F/M is fed via an irradiated fuel port to a *ransfer device
und from there to the water pool in the irradiated fuel stGrage bay. In these devices, a few
incidents occurred without appropriate cooling to the fuel. In one case, irradiated fuel remained
exposed to air and defected in a fuel transfer mechanism located in the fuel ba; . otrance because
a closed vent valve prevented water ingress. Once a fuel bundle remained without water cooling
in an irradiated fuel transfer port, and a similar event occurred on an irradiated fuel elevator. In
the latter case, the elevator got stuck with irradiated fuel only cooled in air for a long period and
the fuel overheated and disintegrated. Spray cooling was retrofitted to devices for which such
incidents could be foreseen.

On one occasion, an irradiated fuel bundle was dropped to the floor of the F/M
vault from the open snout of 8 F/M. Without liquid cooling, the fuel overheated, its sheath
defected and its UO; oxidized to U4Os.

In serious incidents, when fuel disintegrated and broke into small pieces, (e.g., in
the irradiated fuel elevator incident), most of the activity in a fuel bundle was released into the
containment atmosphere. Although off-site activity releases were minmimal, radiation exposure
of the recovery work force, within the pemn: ssible limits, could not be avoided.

For the rare events involving defected fuel removal, there are remotely operated
grapples, and robotic devices with scoops and buckets of various degrees of sophistication.

.33 Non-Generic Fueling Machine Events

The following events are not specific to F/Ms, but occurred in connection with
F/Ms:

& Overexposures 1o F/M maintenance staff. On a few occasions, in the F/M servicing bay, fuel
handling operators received full body, or extremity (hand), or skin overexposures while
performing maintenance operations which took lor ger than anticipated, e.g., fixing quick
disconnects, repairing & flow transmitter, or when 'he operators estimated lower radiation
fields near a F/M than existed. Routine monitorir 3 was sometimes not enough to detect the
high radiation fields, or the methods of extremity dosimetry were not sufficient.

b. F/M heat exchanger failure. Once & F/M heat exchanper failed such that tritiated DO was
spilled via the service water coolant to the lake which supplied the coolant.

These events are not unique to the fuel handling system. Use of an inadequate
radiation monitor during maintenance, or human errors caused the overexposures. The heat
exchangers are designed against tube wall failures, but there is a small probability for defects.
Thus, the F/M heat exchangers were modified such that there is now no direct heat exchange to
the service water, but to an intermediate recirculated water loop, which in turn transfers the heat
to the service water.

2.2.6 : v of Operational Experiences

The undesired events in fuel handling showed no major LOCA or major
accidental radioactive releases or contamination,
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The releases that were expenienced (a few fuel pencils’ worth of fission products
or some tritiated heavy water spills) dispersed into the containment atmosphere or the irradiaed
fuel bay water, with the containment functioning normally. The heavy water was reclaimed both
in liquid and vapor phases.

In all cases with failure of irradiated fuel bundles when fission products (uranium
oxide or tritlum &ctivity) were released into the containment, the doses to the atomic radiation
workers were less than the permissible limits (Table 7.1). Off-site activity releases and radiation
doses in all fuel handling events were within allowable limits.

Protection of radiation workers against contamination in all events was carefully
controlled, but some overdoses above the limits in Table 7.1 still occurred.

There were a few events of worker exposure to excessive radiation doses during
F/M mainienance. The over-exposures were classified as human error, due to improper
selection or use of radiation measuring instruments. There was one event of leakage of 2.3 Mg
(2.5 tons) of tritiated D;0 from a F/M heat exchanger into the environmental water source. This
event is not specific to the CANDU fuel handling system.

All undesired events were thoroughly investigated, and suitable mechanical,
control and operational improvements were made to prevent future recurrences, or (0 mitigate
consequences of unavoidable events. In cases where recurrence due to human error could not be
eliminated by hardware and software changes, procedural changes and further advanced operator
training were implemented as remedial measures. Naturally, to achieve safe operation of fuel
handling systems, responsible management is needed by the CANDU owners/utilities,

Epidemiological surveys of the workforce at CANDU nuclear stations and at
AECL research reactors, which supported the development of CANDU reactors for more than 35
years, did not show health effects beyond that expenienced by the population at large. This is
also an indicator of CANDU fuel handling safety, since the epidemiologic surveys did not
distinguish the fuel handling workers from other atomic radiation workers at the CANDU
reactor plants.
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3. PROBABILISTIC SAFETY ANALYSIS OF FUEL HANDLING EVENTS
il EVENTS CONSIDERED FOR RELIABILITY STUDIES

The operational incidents or accidents in CANDU fuel handling were small in
number and limited in range. In order to learn more about the possible accidents for each type of
CANDU reactor design, detailed event and fault tree analyses were performed to identify
possible modes of occurrence of undesired events and assess the expected frequencies of such
events.

The evaluation of safety concerns for the fuel handling system includes a
systematic probabilistic study of conceived undesired events which may result in some risk of:

-~ nuclear criticality of fuel outside a reactor, but inside the containment building

- primary heat transport system loss of coolant due tc fuel handling system malfunctioning
~ fuel damage inside or outside a reactor associated with fuel handling

- activity release from defected fuel into the containment or the irradiated fuel storage bay
~ tritiated heavy water spills and loss of coolant to containment

~ activity dispersal within containment and exposure (0 operating personnel

~ activity dispersal off-site, exposure to the public, and contamination of the environment,

These events alone or in combinations were analyzed using various probabilistic
analysis techniques.

3.2 METHOD OF ANALYSIS

The CANDU practice for probabilistic safety analysis (PSA) follows the
Internationa! Atomic Energy Agency guidelines ‘Y. The probabilistic analysis starts with an
identification of the potential initiating events from a review of the design and plant operating
experiences of the fue! handling system and of other impacting systems. The initiating event
may be the failure of any component or system. The probability of the initiating failures differ
for different causes and components. Starting from the initiating events, “event sequences” and
“event trees” are made.

Event sequence analysis maps out the initial response of different plant systems,
in parallel. This is a qualitative study covering the sequence in which other components and
systems may be affected, the time frame from occurrence of the initiating event to the latest safe
time for initiation of corrective action by the operator. This is also used for development of
operator response guidelines.

Event tree analysis is then carried out for each initiating event. The event tree
depicts various possible sequences which could occur after the initiating event, by modeling
combinations of availabilities or unavailabilities of mitigating systems. Each event tree
concludes when stable conditions (with or without activity releases) are achieved, or when there
are no mitigating systems left to call upon.
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Starting from a postulated initiating event, a number of outcomes are possible
depending on the success or failure of the available mitigating systems. Each event sequence or
outcome is expressed in a logic eguation form, using a name for each event, linked by Boolean
algebra. Those functions which are not shown in the equations of the various end states have
either been successful or are not relevant to the sequence under consideration.

The outcome of each identified event sequence is quantified by the frequency of
occurrences in the event tree. The simplified logic equations are put in a “fault tree” form,
which allows easy sequence quantification and changes of logic (if necessary) and facilitates a
review, due to the graphicai form. The fault tree model is used to estimate the probabilities for
individual event tree branch points. The fault tree models the failure of individual components
in a system, and connects these through AND/OR logic to arrive at a final event frequency in a
sequence, called a “top event” for that fault tree. Of course, it could be the starting frequency
for other events.

From the very large number of fault trees, many can be omitted because the
ensuing event sequences may overlap and oft2n the mitigating systems function identically,
independent of the initiating events.

Accident sequence quantification is undertaken to estimate the frequency for
individual event tree endpoints. The objective is to factor intc account any modeled failures that
are common among systems.

Reliability, or the frequency of failures of each component is usually available
from the manufacturer of the component or from data based on operational experience. Human
reliability is modeled where human interaction dependencies might occur,

The safety concern is not only the release of radionuclides into the containment,
after undesired fue! handling event Sut more often the off-site release.

This is done by feeding the fuel handling related activity release frequencies into
a containment event tree. This tree models the availability/unavailability of various containment
subsystems, (with each branch point supported by a fault tree), and the endpoints which can
show the frequencies of releases from containment.

A reliability and maintainability analysis is 1iso performed to predict the expected
mauntenance dosage.

33 PREDICTED EVENT FREQUENCIES

The most important safety concern is the frequency of release of radionuclides
into the containment and off-site and the probability of radioactive exposures to the public.
Accordingly, fault trees were made and evaluated for failure frequencies for the most cntical
events. Some typical values of predicted event frequencies of operating CANDU 6 or 9 rectors
are as follow:
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Description of Events Predicted Occurrence Frequency
Involving F/M Operation (evenyreactor year)

Single channel end fitting failure 2.0E-03
results only in a so-called small LOCA

(<70 L/s (18 U.S. gal/s) coolant discharge) after

a postulated ejection of channel closure and

shield plugs and of all fuel bundles from the

channel. It might be assumed that this event is

initiated by a malfunctioning F/M on-reactor

or backing off from an end fitting.

Loss of fuel cooling in an off-reactor F/M
due to:

hose break and malfunctioning valves 2.0E-03
and relays

loss of Class 4 (off-site) power followed by 1.OE-03

loss of Class 3 power, based on two 100%

on-site diese! generators. In CANDU practice

this does not cause a station blackout

(CANDUSs have a seismically

qualified emergency power supply source backing up the Class 3 standby
diesel generators).

After a loss of Class 4 power, that is, the normal off-site power, Class 3 power
(from standby diesel generators) becomes available within minutes for the cooling pumps of the
F/M, but otherwise the F/M remains without power. Thus, unless other systems also fail, the
loss of cooling to a F/M due to electrical causes is predicted  have a frequency of 1.0E-03
occurrences/year.

Damage to fuel during transit to or inside the transfer port, and during transfer to
the irradiated fuel storage bay are less important events, since they usually affect only one fuel
bundle.

In CANDU licensing practice, accidents or incidents with safety concerns of
release of radionuclides into the containment and possibly outside the containment are further
analyzed deterministically, to predict the consequences. Generally the more severe the accident,
the less probable is its occurrence. Event sequences which reach stable plant conditions without
significant activity release are not analyzed further. Undesired top events with predicted
frequencies of less than 1.0E-07 occurrence/year are considered sufficiently improbable and not
analyzed for their consequences. Risks arising out of the undesired events are assessed, based
on the frequency and the consequences of the event, such as related to radioactive exposure
effects on the health of the recipients.
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4 DETERMINISTIC ANALYSES OF POSTULATED ACCIDENTS

4. CHOICE OF ACCIDENTS TO BE ANALYZED

With & fuel handling related failure as the initiating event, diverse types of
accidents could be hypothesized: there may follow a primary heat transport system LOCA, or
even a coincident loss of emergency cooling. Subsysiems of the special safety systems (e.g.,
containment) may be impaired. For the hypothesized accident scenanos, the consequences have
to be analyzed: how many fuel elements will defect, how much dispersal of radioactivity will
ensue into the containment and off--site, how much the worst uosage could be to an operator or
1o the public.

The safety analyses for reactor licensing looked at a number of postulated fuel
handling accidents:
- fuel criticality outside a reactor
- loss of coolant of the primary heat transport circuit with F/M on reactor
~ improper interface connections between F/M and end fittings
- loss of coolant from F/M off-reactor
- stuck fuel in irradiated fuel port

- loss of cooling in fuel transfer device between irradiated fuel port and irradiated fuel storage
bay

- irradiated fue! dropped in vault
- fuel damage in irradiated fuel storage bay.

For calculation purposes, it is assumed that the fuel handling system accident
occurs while either all reactor safety and accident mitigating systems operate normally, or while
there is a coincident failure or impairment of the safety or mitigating systems. The cases to be
analyzed cover all relevant events recommended by the government regulatory guide V.

42 METHODS OF ANALYSIS

The questions asked in the analyses are manifold: would the event become an
uncontrollable power runaway (that is, nuclear criticality outside the reactor); if the power is
controllable, would there be a loss of primary coolant, fuel heat up in and out of the reactor and
the F/M, fuel failure, chemical reactions, release of radioactivity to and from the containment
and radiation doses to the work force and to the public outside the exclusion zone of the nuclear
power station.

To answer all these questions, a host of one and multi-dimensional, special or
general purpose computer codes are used, for nuclear physics, thermal-hydraulics, heat transfer,
stress analysis, chemical kinetics, shielding, dispersion and diffusion of fission products, and
health physics calculations.
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Nuclear criucality is checked by physics codes, loss of coolant predictions by
thermal hydraulic codes, fuel heatup without liquid cooling by heai transfer codes, fission
product release from the fuel is predicted by fuel behaviour codes, the containment performance
and activity transport and dispersal to the environment and the doses to operators or to the public
by various special purpose codes. The principal computer codes, and their verification, as used
in CANDU licensing analysis practices, are briefly described elsewhere .

The anaiyses predict the consequences of each selected event, when conservative
assumptions cannot be guaranteed due to uncertainties, then parametric studies are performed.

Although CANDU reactors are designed with redundancy and duplications of the
safety systems, the analyses do not allow for the action of all the safety systems which may
mitigate an event, but allow for the later acting systems or only for o part of the available safety
systems.

If a fuel handling related event can be shown to be less severe than an analyzed
primary heat transport system LOCA, then the consequences of the primary LOCA may be
construed as a bound for the less severe accident. The predicted outcome of some severe
primary LOCA, ©), may bound the activity release consequences of some fuel handling related
loss of conlant accidents. For instance, the end fitang failure, with all fuel bundles from a fuel
channel ejected to the vauli floor, bounds the fission product release consequences of an
improbable event of a F/M dropping all its fuel bundles to the vault floor. If in a fuel handling
related accident, the activity releases to the environment could be larger than after an end fitting
failure event, then these aspects are analyzed.

Subsequent to analyzing single failure accidents, dual failure accidents are
analyzed. The dual failure accidents are postulated from a marrix of fuel handling related
accidents coincicent with safety system or subsystem malfunctions. A companion report
discusses the Canadian single/dual concept in some depth.

5

Table 7.3 lists a representative set of postulated fueling accidents and gives any
assumed coincident events. The containment is assumed to be either operating normally, or to
have an impairment of loss of isolation, of deflated airlock seals, or of another subsystem.

The modeling and the assumptions for the calculations of atmospheric dispersion
of released radioactivity are generic to all accidents for a given licensing case.

The most undesired consequences of failures are radiation exposure and doses to
operating personnel and to the off-site public. Operating personnel, in spite of protective gear
and measures, might be exposed to high radiation fields or radionuclide inhalation or ingestion.

If any radioactivity is released into the containment before containment isolation,
or if isolation fails, then some activity may also be released outside the containment. Doses to
the most exposed critical individual and the collective dose to the whole population within a
radius of 100 km (62 miles) from the accident site for a duration of one month after the initial
accident are calculated.
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compensate for the coolant losses, then the doses to the public would still be bound by the
corresponding small break primary LOCA predictions.

b. Failure of snout-to-end fitting connection with F/M on-reactor. A F/M snout malfunction
induced primary heat transport system LOCA might occur after a failure of the F/M snout to
channel end fitting clamp and safety lock. Coincident failures of the snout clamping
mechanism and the snout safety lock never occurred, and is a highly improbeable scenario.
Still this accident is analyzed assuming that the F/M backs away and leaves a gap between
the snout and the end fitting of the fuel channel.

If no fuel can be ejected via the end fitting to F/M snout gap, then the
consequence of a structural or control failure of the snout locking device would be only a small
leak from the primary heat transport system with no fue! failures. In some CANDU reactors, the
F/M can back off 180 mm (7 inch), and then the roughly 500 mm (20 inch) long fuel bundles
ejected from the fuel channel may enter the F/M snout and hit previously ejected fuel bundles.
This impact or the radial forces associated with the expanding coolant jet may damage a fuel
bundle. Any fuel lodged in the channel or in the F/M remains well cooled by the relatively
slowly escaping coolant. The radioactive source term in this case would come from about one or
two bundles.

If the gap between the F/M snout and end fitting becomes larger, then all fuel
bundles of the channe! might fall onto the F/M troliey or the vault floor, and for awhile the fuel
might remain cooled by the unflashed pant uf the escaping primary coolant jet which rains down
from the end fitting. For conservatism, it is assumed that all irradiated fuel bundles of a
maximum rated fuel channel are without any liquid cooling on the vault floor. So far this
scenario is similar to that of an end fitting failure case.

T « fission product releases derived for an end fitting failure are overestimated as
wilows. he short tenn radioactive source term in an end fitting failure LOCA is derived by
assuming intact bundles on the floor without water cooling for heat transfer calculations, to
over-predict heat up rates and temperatures of the fuel, and by assuming fuel pencils broken to
pieces, for maximum activity release from free and grain boundary fission product inventories.
These assumptions result in over-estimated excessive oxidation rate of the UO;.

For the long term fission product releases (say beyond an hour), it is
conservatively assumed that the source term is the sum of those derived for the end fitting failure
with the ejection and overheating of all fuel from the affected channel, plus fuel overheating and
defecting in the open F/M. Since the water inlet flow to the F/M continues, only partial
uncovering of, at most, the top four bundles in the F/M magazine would occur. These bundles
without liquid cooling may fail, but the release of activity from the F/M would be slow due 1o
low pressure in the F/M. Thus the radidonuclide releases from these bundles hardly contribute
to those from an end fitting failure primary LOCA.

The source term also includes an allowance for the activity release from the
tritiated heavy water coolant flow to the containment.
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If the end fitting failure LOCA were followed by a loss of emergency coolant
injection (LOECI), which is a primary system dual failure event, then after a short blowdown,
there would be a lack of coolant for the fuel ejected to the vault floor. An end fitting failure
LOCA with coincident LOECI with one channe! load of fuel ¢jected and heating up without
coolant on the vault floor, followed by more fuel failure within the reactor core, would result in
more long term activity source ierm than would & LOCA without LOECI. This accident, with
intact containment was demonstrated to be within the permissible activity release rates from the
containment,

Containment analysis and dose-to-public calculations are carried out with
unimpaired and with impaired coniainment. The activity release from the containment is
calculated by assuming intact containment. If the pressure or activity in the containment
atmosphere is high enough, then the containment i, ates automatically. [f the pressure and
activity levels are 100 low for triggering automatic isolation, then the reactor operator would
initiate a containment isolation,

The activity release predictions from the containment after an end fitting failure
with coincident LOECI are rather conserviative when applied to & backoff of a F/M from an end
fitting case, since with LOECI much more fuel can fail in various channels of the reactor than in
a F/M.

The derived doses for the various F/M induced LOCA scenarios are within the
allowed limits @), Since the models for the analvzed cases were all conservative, the safety
design objectives associated with F/M induced LOCAs are achieved with considerable safety
margins,

46 LOSS OF FUEL COOLING IN A FUELING MACHINE OFF-REACTOR

In off-reactor F/M failures, (whether by loss of electrical power, ceolant ling or
hose severance, pump or motor failure, or by jammed or broken components), the uel bundles
stored in the magazine of the F/M can ove *heat after evaporation or leakage of coolant 1o a level
lower than that of the irradiated fuel. A loss of coolant flow or loss of heat exchanger to the F/M
coolant might precipitate the heat up. The heat up is slowed down with deceying activity in the
fuel. The release of any fission products from defected fuel is further slowed down by the lack
of a powerful blowdown from the F/M.

This event assumes that the coolant level in a F/M is either lost rapidly due to
some hose breaks and isolating valv failures, or lost slowly due to boiling of the water in the
F/M without replenishing flow, The F/M magazine is assumed to contain irradiated fuel bundles
in all magazine sites (at most a fuel channels complement of fuel). In reality, such fuel loading
in the F/M is not the operating practice. In either case a heat transfer calculation predicts the
fuel heat up rate  Even without containment isolation the fission product releases and doses to
the operators or 1o the public are less severe than the case of a F/M backing off an open end
fitting, discussed in the previous section.
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47 UNCONTAINED FUEL HEATUP

There is a possibility of one or two fuel bundles being ejected from a
mechanically failed F/M. After an end fitting failure of a primary heat transport system up to 12
fuel bundles of the affected fuel channel might be ejected to the vault floor. Thus dropping one
or more fuel bundles to the vault floor during fuel handling, or losing water cooling in the
transfer mechanisms other than the F/M, were treated as a special case bounded by an end fitting
failure primary LOCA.

Witk ‘rradiated fuel remaining without liquid cooling on the vault floor or on
some fuel transfer de vice, such as an irradiated fuel port, the activity releases to the containtaent
are less than those from an end fitting failure, mainly because the fuel activity during fuel
handling is more decayed than that of fuel ejected after a break. Also the timing of the release
and the containment pressure transient and isolation response would differ. If the containment
were not isolated by & high activity signal, and the ventilation flows continued, or if the
containment isolation system failed (dual failure event) the activity releases and the doses to the
public would still be less than in an end fitting failure LOCA with a coincident loss of
containment isolation. The difference is because the containment pressure would be higher (and
could cause more release from the containment) after & primary LOCA than after a fuel heat up
on the vault floor or in a fuel transfer port or fuel elevator.

48 IRRADIATED FUEL BAY INCIDENTS

Heat--up of the water in an irradiated fuel storage bay could result either from a
loss of flow in the cooling/purification circuit, or from a loss of service water to the heat
exchangers. For all cases, high water iemperature alarms at about 32°C (90°F) would be
initiated. Based on maximum irradiated fuel heat load in the bay, and with about 29°C (84°F)
initial water temperature, the high iwemperature alarm would be triggered within three hours at
the earliest, after the loss of cooling, and the water would start bulk boiling within three days at
the earliest, afier the loss of cooling. This calculation was done conservatively, without crediting
the heat capacity of the bay siructures or heat losses from the bay. Three days is ample time for
the operators to restore the cooling. There would be no fuel failure and fission procuct release
caused by the slowly boiling bay water. The concrete walls of the bay, however, might suffer
hairline cracks, but the overall structural integrity of the bay would be maintained.

A loss of fuel bay inventory (say by leakage through an irradiated fuel port)
would trigger & low level alarm at least 4 m (13 ft) above the highest irradiated fuel bundle
storage module assuming an inventory loss rate limited by that possible through a fuel transfer
port. Subsequent to the alarm the operators would have at least 10 hours before the water level
would drop to the top of the fuel module. This is ample time for the operators to manually close
the bay side valve on the irrudiated fuel port, or to provide make-up water from an emergency
service water supply. This incident would not result in fuel failures with fission product release.
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The containment system is seismically qualified, but for calculating the doses to
the population outside the containment it was assumed that the containment is not isolated for
one hour after the earthquake. The combined predicted releases and doses were found to be
acceptable.

4.11 SUMMARY OF CONSEQUENCE ANALY SES

The risks and possible consequences of postulated accidents are evaluated by
analytical simulations of the events, and when needed, supported by separate effect tests.

Nuclear criticality due to fuel handling failures 1s not a possible accident with
natural uranium fuel, without the presence of high purity heavy water and the right spacing of
the fuel bundies.

Deterministic analyses were performed on event sequences with a possible
release of radioactive fission products. Both with on-reactor and off-reactor {uel handling
accidents, the activity releases and radiological exposure or doses from the postulated most
severe accidents would be less severe than the consequences of an end fitting failure LOCA, vlus
coincident LOECI. This extremely severe and very low probability accident would result in
radiation doses still within the permissible limts.

Loss of cooling or loss of coolant inventory incidents in the irradiated fuel storage
bay would be manageable by the operators wihout ¢rusing fuel failures. Dropping a fuel
storage module into the bay would slightly increase the airborne activity in the atmosphere
above the bay.

On-reactor F/Ms are seismically qualified, but the radiological consequences of
earthquake induced loss of cooling in an off-reactor F/M and of heat up in air of irradiated fuel
in the fuel transfer norts were analyzed, and found acceptable.
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CONCLUSIONS

In the 250 years of accumulated CANDU fuel handling experience, there has
been no serious accident causing harm to the operators or the public. Some incidents with minor
dispersal of activity, within or even outside containment occurred, and in some cases Operators
received more irradiation than allowed.

The evaluation of the probability of the conceived undesired events shows that
fuel failures and fission product releases due to loss of cooling within a F/M or due to fuel
ejection 10 a vault floor are probable top events of the fuel handling system failures, but with
rather small frequencies of occurrence. The probabilistic predictions of the frequency of
occurrences are so far supparted by the 250 years of operating experience.

The consequences of fuel handling system failures are predicted to be less severe
than aliowed by the government licensing regulatory guides. The deterministic analyses of
postulated events have been validated by fuel heat-up, defect and fission product release
experiments, and also were supported by the outcome of the actual experience from the mild fuel
handling related accidents and incidents at CANDU stations. For eack CANDU station, safety
analyses are completed to show that the operation of the fuel handling systems will not pose an
unacceptable risk to the public. Epidemiological evidence suggests that neither the workforce
nor the public has suffered from fuel handling (or any other CANDU) operation to date.
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TABLE 7.2
INTERNATIONAL NUCLEAR EVENT SCALE (INES)

(Based on Reference 3)

Type of Event

Level

Description

Consequences in Terms of
Radioactivity Release, Dose,
Protective Measures

Accident

Major accident

Serious accident

Accident with
off-site risks

Accident mainly in
installation

Off-site release radiologically equivalent
to 1131 release of > 10000s terabecquerels
(270 000 Ci). Acute and delayed heaith
and environmental effects over wide areas.

Off-site release radiolcgically equivalent
to 1-131 release of 1000s to 10000s tera-
becquerels (27000 to 270 000 Ci).

Off-site release radiologically equivalent
to I-131 release of 100s to 1(X0s terabec-
querels (2700 to 27000 Ci). Partial imple-
mentation of emergency plans needed to
lessen the likelihood of health effects.

Off-site release with dose 10 most exposed
individual a few millisieverts (< | rem).
Local food control necded. On-site work-
er's doses > | sievert (100 rem). S me
damage to reactor core.

Incident

Major or serious
incident

Incident

Anomaly

Off-site release with dose to most exposed
individual .1 to 1 sievert (10 to 100 rem).
Off-site protective measures not needed.
Overexposure of on-site workers with indi-
vidual doses .05 to .1 sievert (5 to

100 rem).

Undesired events which, although not di-
rectly or immediately affecting plant safe-
ty, are liable to lead to subsequent re-eval-
uation of safety provisions.

Functional or operational undesired events
which do not pose a risk, but indicate a
lack of safety provisions.

Non-Event

Below
Scale

No safety
significance

Operational limits and conditions not ex-
ceeded and event manageable with ade-
quate procedures.
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REPRESENTATIVE SET OF UNDESIRED EVENTS ANALYZED FOR CONSEQUENCES

TABLE 7.3
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Undesired Event | Fueling Accident Single, Dual Coincident Event
In Scenario Failure
F/M on-reactor | Fuel damaged due S Intaci containment
to fueling D Steam generator tube leak
Primary coolant S Intuct containment
system LOCA while
fueling
LOCA through F/M S Intact containment
Primary LOCA | F/M snout D LOECI + Intact
induced by F/M | malfunction containment
F/M off-reactor | Loss of F/M cooling S Intact containment
D Loss of isolation
D Loss of dousing
Loss of F’M D,O S Intact containment
inventory D Loss of isolation
D Open airlock
D Loss of dousing
Irradiated fuel | Crushed bundle in S Intact containmerni
port fuel port D Off-gas system not
available
Irradiated fuel | Loss of bay cooling S Nominal conditions
bay Loss of bay S Nominal conditions
inventory
Dropped fuel rack S Nominal conditions
in bay
D Contaminated exhaust
system unavailable
LOCA = Lossof Coolant Accident

LOECI

= Loss of Emergency Coolant Injection
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CHAPTER S

CANDU 3 SPECIFIC FEATURES
1. INTRODUCTION

The conventional CANDU fueling concept involves the co-ordinated operation of
two fueling machine (F/Ms), connected to the ends of a selected fuel channel. For CANDU 3,
the fueling concept requires the use of only one F/M, at the outlet end of the fuel channel,
resulting directly in lower fuel handling capital equipment and operating costs. This also results
in a smaller reactor building, resulting in additional cost reduction of the plant.

The CANDU 3 fuel handling concept is based on proven CANDU technology.
This is accomplished as follows:

4. Adaptation of the existing main features of CANDU 6 and Pickering ‘B’ F/M design with a
modified magazine rotor, involving addition of two magazine rotor stations. The
downstream fuel channel end fitting is modified to inciude a short liner tube or a baffle
sleeve at the outlet feeder which incorporates a free flow-through shield plug, latched spacer
plug and a channel closure. Much of the existing F/M and associated hardware is similar to
existing operating CANDUs.

b. The new inlet end fitting requires a fixed shield plug and a resident fuel pusher to push fuel
towards the outlet end of the channe! into the F/M. New simplified coolant axia! inlet feeder
connections located at the extreme end of the channel, rather than radially as in the
conventional design, are adopted since access for fueling from the inlet end is no longer
required.

¢. The fuel pusher is required to push the fuel string towards *he outlet end in low floe
channels and, in all fuel chennels, to push the las' two bundles into the F/M magazine.

A fuel pusher is resident in each fuel channel at the upstream end. The capability
is provided to completely defuel the channel with single-eaded fueling. Sufficient magazine
rotor capacity allows fueling to be carried out in & single visit to the channel.

The major benefits in adopting the single-ended fueling sysiem are:
a. A reduction in the reactor building size and the accompanying plant reduction.

b. Greatly decreasing the amount of fuel handling equipment to fabricate, vonstruct, test,
commission, operate and maintain. This significantly reduces costs and increases reliability.

¢c. A single access ended fuel channel for fueling facilitates a factory built and inspected
composite modular fuel channel assembly which includes the pressure tube und calandria
tube. This composite modular fuel channel assembly reduces initial site installation time and
cost, and contributes significantly to a shorter duration construction schedule for the plant
also resulting in a major cost reduction.

d. The replacement of all the fuel channels in the reactor core within a 90 day outage becomes
a realistic target through use of a modular factory built and inspected fuel channel assembly.
This is only achieved by adopting a single-ended fueling system.
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DEVELOPMENT HISTORY

An in depth study was carried out by AECL CANDU in the early 1980's. This
study considered the concepts for the design of a fuel pusher and the alternatives for the type of
F/M best adapted to the single-ended fueling design. For the single-ended application of
CANDVU 3, adaptation of the Pickering/CANDU 6 type F/M was recommended as the preferred
concept, since it best met the overall requirements of safe and reliable operation with a minimum
development effort.
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The F/M clamps onto the new fuel port and accepts new fuel. The shielding door is opened and
the F/M is transported by the carriage along the tracks to the face of the reactor. The F/M is
positioned so that 1t is located opposite the selected fue

The F/M moves forward and clamps onto the fuel channe! end fitting to form a
leaktight joint with the channel. The plug from the sno the machine is removed and the
machine is pressurized to the same pressure that exists in the nne d fitung after a leak test
operation

I'he F/M removes the channel ¢l
guide sieeve 1s installed and the latched spacer plug
pusner at the iniet end of the channel to move the fue
the F/M. The lawched spacer plug is separated
magazine. A ram adaptor is added to the F/M ram
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Figure 8-3 shows the fue! handling system design layout of the C/ U 3FM
maintenance lock and fuel transfer system areas

The fuel changing equipment located in the react Uding includes a partially
shielded F/M magazine and is normally parked in the F/M maintenance lock and susnended in &
transport carriage. The carriage is on tracks connecting the maintenance lock with the reactor

outiet vauit. A powered shielding door separates the maintenance lock from the r=actor vault

and, when closed, provides a fully biologically shielded access area for maintenance of the F/M

while the reactor is operating at power

While in the maintenance lock, the F/M can home
port to accept new fuel, to the service port for maints

port for unloading irradiated fuel
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Pickering reactors. In the central core high-flow ¢ ls, hydraulic drag is sufficient to move
the fuel string towards the F/M located at the outlet end of the channel. In the outer low-flow
channels, a Flow Assisted Ram Extension (FARE) 100l 1s used to create the necessary impedance

The FARE too! is introduced into the
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The conventional fuel channel has a latched shield piug assemt neach end ol
the fuel channel, located within the vertical planes of the end shield
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shield plug with no latch mechanism which is axially supported by the latched spacer plug at the
outlet end of the channel as depicted in Figure £-4. The conventional channel closure is retained
while the end ?}',:x.".g LNEr tube decomes a shon bart sieeve at the teeder outiet 10 prevent
cross-flow from damaging the fuel during fueling

At the inlet end of the channel the conventional shield § replaced by a
combination of a special st 1eid pPIug and a fuel pusher component. A chat Closure no
longer incorporated in the inlet end. The resident fuel pusher performs a s ir function to the
FARE tool. which was previously inserted by another /M. The single-end F/Mn NAVE the
magazine capac tO carry the required new fue!l for fueling the tfuel channel and also to
completely defuel the channe!

The fuel pusher, part of which 1 ver the inlet shield plug has a cylinaric
shape | coolant flow, through an integral onfice in the pusher, effe a conunuous
thrust against the fuel

During single-ended fueling, the channel flow must be maintained at all time
within the channel bore up to the feeder outlet tube, for adequate fuel cooling. The flow 1s used

wrust the fuel pusher, so that it can propel the entire fuel string down the channel until it rests
on the fue the F/N.. That is

distance between the feeder outlet baffle holes and the F/M separator in order to push the last
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5. FUELING MACHINE

The design of the CANDU 3 F/M is shown in Figure 8-5 and is adapted from the
Pickering ‘B'/CANDU 6 design which includes:

a. A standardized manual drive system is incorporated into the ‘B’ ram, latch ram and the
magazine rotor. An improved manual override is fitied 10 an upgraded separator safety latch.
Also incorporated are standardized ‘B’ and latch ram ballscrews with a modular gearbox for
easy removal and maintenance of the ballscrew seal packages.

b. Fuel sensor and separator assemblies to detect when irradiated fuel bundles are being
separated from the fuel string are incorporaied. The F/M separator assemblies ensure fuel
bundle detection is maintained throughout the fuel handling sequence and provider interlock
permissives for reliable and safe handling of irradiated fuel, which prevents damuge to fuei.

¢. The Pickering ‘B'/CANDU 6 type of fuel channel end-fitting is include or CANDU 3. The
F/M inserts a guide-sleeve to create a single fuel-size bore for handling the complete fue!
string.

d. The Pickering ‘B'/CANDU 6 type F/M has two positioning rams. A mechanical ‘B’ ram for
handling channel hardware and components and a hydraulic ‘C' ram, for pushing fuel at the
tuel transfer port. Having two types of rams (mechanical and hydraal:i) & considered an
advarntage with the single-ended fueling operation. The normal method of positioning the
fuel string will be by the more accurately controlled mechanical ‘B’ ran using its ,  'sion
ballsc-:w drive system. If the mechanical ballscrews malfunction, the hydraulic ‘C  ..n is
available as a “back-up” ram and provides an alternate means of pushing the fuel string back
into the channel awa; from the unshielded F/M snout to charnel end-fitting interface area.
This can be importani for F/M r..overy operations as the meagazine shielding then allows
limited access for service work on the F/M and carnage.

The CANDU 3 single-ended F/M is equipped with a valve 1o isolate the F/M ram from the
magazine housing assembly 1! wi= channel closure cannot be installed. This feature allows
ram exchange without draining the magazine and can be carried out in minimum time and
increases the modularization of the ram assembly.

e. The Pickering ‘B'/CANDU 6 type F/M uses fuel pushers (i.e., FA.R.E. tools) in low flow
channels. The singie-end fuelin~ ~~~cept for CANDU 3 uses fuel pushers residing in each
fuel chynnel inlet end fitting. pusher concept of operation is, therefore, similar to
the proven equipment in the Picacnng ‘B'/CANDU 6 fueling handling systems.

The siagle-ended fuel channel and hardware for CANDU 3 is designed with fuel pushers that
push the full fuel string to the F/M separators allowing complete defueling of the fuel
channel during reactor operation.

f. Extra magazine stations in the F/M m:gazine housing and rotor allows single-ended

four-bundle programs with one visit of the F/M to the fuel channel. Equal spacing of the
magazine rotor stations is maintained.

The CANDU 3 F/M is designed to operate with the following single-ended fue!
channel hardware: fuel pusher, latched spacer plug, flow-through outlet shield plug and channel
closure.
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6. MAL "ENANCE AND SERVICING

All fuel handling equipment, including the control equipment, is accessible for
maintenance with the reactor at full pc wer.

Maintenance of the F/Ms and ports is performed in the maintenance lock in the
reactor building, with the outlet vault shielding door closed. Servicing may include replacing
modular sub-assemblies on the F/M with spares. A crane in the maintenance lock facilitates
servicing the heavy equipment,

An ancillary pont inside containment permits replacement of channel closures,
ram ada, <rs and shield plugs in the F/M. Another port provides facilities for calibration of ram
force loads. Calibration of the ram forces is facilitated by the use of a load cell and an adapter.
The adapter enables th ~2m (0 exert both advance and retract forces on the load cell, thus
measuring the actua! iorces exerted by the ram assembly, that is, measurement of the pre-set
value of each forcr e¢ s any retarding forces related to the ram acuon.

A rehegrsa! jor built into the containment wall alluws simulated fueling
functions of the F/M 1o be dcne after  ervicirg the equipment.
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; 7 EQUIPMENT TESTING

The CANDU 3 F/M design is based on proven CANDU technology.

As in all previous CANDU stations, the F/M is assembled and operated in & test
facility under simulated reactor conditions with respect to temperatures, pressures and flows
before being accepted and delivered to site. The test facility at AECL CANDU Sheridan Park
Engineering Laboratory includes hot water loops and a full size fuel channel assembly which is
loaded with production fuel and all fuel channe! internal hardware to represent the reactor
conditions. The tests are conducted under fully automatic computer controlled fueling
operations using operational fueling sequences.
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AECL: Atomic Energy of Canada Limited was incorporated as a Federal Crown Corporation in
1952 to assume responsibility for nuclear research and development, and has roots yack to 1945
when Canada's first nuclear research reactor began operation. AECL has corporate offices in
Ouawa, research facilities iz Chalk River, Ontario and Pinawa, Manitoba, and AECL CANDU
in Mississauga, Ontario.

AECL CANDU (formerly CANDU Operations): A Division of AECL that was formed in the
early eighties to take responsibility for the development, design, marketing and project
management of C. NDU projects in Canada and internationally. The 1200 employee company
operates out of the Sheridan Park Research Community in Mississauga, with offices in Montreal,
Fredericton, and Saskatoon.

AECL Ltd.: The corporate entity of Atomic Energy of Canada Limited.

‘B' Ram: A fueling machine component that withdraws and inserts the channel closure and
shield plug, and positions the fuel column. The ‘B’ ram is driven by ballscrews.

Bruce Nuclear Power Development: The nuclear power development located on Lake Huron
near Kincardine, Ontario. The development consists of Bruce ‘A’ and 'B’, each having four,
750 MWe reactors. Bruce ‘A’ reactors have consistently placed in the top ten in lifetime
operating performance since compietion in the late seventies.

Beiling Water Reactor (BWR): A nuclear power reactor cooled and moderated by light
water. The water is allowed to boil in the core to generate steam which passes directly to the
turbine.

Calandria: A cylindrical reactor vessel which contains the heavy water  derator. Itis
penetrated from end to end by hundreds of calandna tubes which provide sites for the pressure
tubes. The moderator is cool and at low pressure.

Canadian Standards Association (CSA): A non-profit, independent, private sector
organization that serves the public, governments, and business as a forum for national consensus
in the development of standards, and offers them certification, testing, and related services,

The standards are written, reviewed, and revised by committee members, who represent users,
producers, regu'atory authorities, representatives from industry, labour, governments, and the
public

The standards cover a number of program areas: 2nvironment, «lectrical/electronics,
construction, energy, transportation, materials techinology, and welding.

CANDU: An acronym derived from CANada Deuterium Uranium that identifies a series of
nuclear reactors designed and built in Canada. They are fueled with natural uranium and
moderated with heavy water (D;0).

CANDU 3: A new design of CANDU reactors presently being developed by AECL CANDU
that incorporates design improvements from CANDU experience to provide a more efficient,
lower cost reactor.
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Fueling With Flow (Flow Assist Fueling): In the Pickering and CANDU 6 reactors, new fuel
bundles are inserted in the fuel channels in the direction of coolant flow. In the high fiow
channels, coolant flow is sufficient to move the fuel string unaided.

Gentilly: The site of Gentilly nuclear reactors 1 and 2, in Quebec. Gentilly 1 is a 250 MW
prototype reactor using light water that has been placed in a partially decommissioned state.
Gentilly 2 is a 600 MWe CANDU 6 reactor.

Grapples: A fueling machine contingency tool that allows removal of fuel bundles by one
fueling machine only.

Guide Sleeve: A fueling machine tool that provides a constant bore passage for fuel burdies
between the end fittiug liner and the fuel bundie magazine stations.

Heavy Water (Deuterium Oxide or D;0): Water in which ordinary hydrogen atoms have been
replaced by deuterium atoms. Natural water contains one heavy water molecule for
approximately every 7000 ordinary water molecules. D,0 has a low neutron absorption cross
section, hence its use as a moderator in the CANDU reactors. D,0 is about 10% heavier than
natural water, but has the same appearance and chemical properties. It has a higher freezing
point and boiling point than ordinary water.

Hydraulic ‘C’ Ram: A fueling machine component that pushes the fuel bundles from the
fueling machine magazine into the fuel channel. The ‘C’ ram is driven hydraulically with D,0.

Hydrodynamic Calanced Shaft Seal: Sealing in which the fluid film thickness is maintained
by the fluid film pressure generated by relative motion of the sealing components. A seal is
“balanced” when the ratio of the area subject to the working pressure tc the seal face area is less
than or equal to one.

Hydrostatic Seal: Sealing in which the sealing faces fluid film thickness i+ maintained by
supplying high pressure fluid at the seal face.

Irradiated Fuel: Nuclear fuel which has been irradiated in a reactor to the extent that it is no
longer economic as a power producer, that is, the fissionable isotopes huve been consumed and
fission product poisons have accumulated. It is also termed “spent fuel” or “used fuel”.

Latch Ram: A fueling machine component that acts in conjunction with the ‘B’ ram to actuate
the latches on the shield plug and channel closure. The latch ram is driven by ballscrews.

Latched Spacer Plug: A plug inserted in the fuel channel to provide positioning for the shield
plug. The spacer plug is latched instead of the shield piug in the CANDU 3 concept.

LOCA: Loss of Coolant Accident.

Magazine: That part of the fueling machine head located behind the snout and separators. It
comprises a rotor and drive shaft and is housed in a cylindrical pressure vessel. The rotor has
chambers for new or irradiated fuel bundles, channel closures, shield plugs, snout plug, ram
adapter and the guide sleeve and insertion tool. During fueling, the magazine can be rotated to
align any chamber with the axis of the snout.

Mixed Oxide Fuels (MOX): Nuclear fuels containing oxides other than uranium oxide, for
example, thorium. Thorium, when irradiated, will produce an additional fissile uranium, U-233.
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Moderator: A material such as heavy water, graphite or light water used in a reactor to slow
down or moderate the fast neutrons produced by fission, thus increasing the likelihood of further
fission.

Natural Uranium (NU): Uranium whose 1sotopic composition as it occurs in nature has not
been altered (0.7 percent by weight of U-235). The design of CANDU reuctors keeps neutron
wastage so low that natural uranium can be used as fuel.

New Fuel Transfer Mechanism: A mechanisri comprising a magazine and indexing unit, &
ram assembly, a loading trough and a new fuel loading rani. Its purpuse is to transfer new fuel
from the new fuel loading area to the fueling machine.

Nil Ductility Temperature (NDT): In reference to welds, NDT is the highest temperature at
which a crack starting at a notched hard-surfacing weld propagates to one or toth edges of the
tensile surface of the specimen in an impact test.

Nuclear Power Demonstration (NPD). The prototype CANDU nuclear reactor built near
Rolphton, Ontario, designed to prove the techn’cai feasibility for future, large-sciue reactors.
The NPD began feeding elec.ricity inio Ontario Hydro transmission lines in 1962,
Decommissioning began towards the end of 1988,

On-Power Fueling: In CANDU reactors, refueling is carried out wh.ie the reactor is on-power,
so that no shutdowrs for refueling are required.

Pickering: The site of Pickering Nuclear Generating Station in Pickering, Ontario. Pickering
consists of Pickering ‘A’ and ‘B’ each having four, 580 MWe units. Pickering began producing
electricity in 1971

Plutonium (Pu): A heavy radioactive metallic element with an atomic number of 94 whose
principal isotope Pu-239 is a majer fissile material. Itis produced antificially in reactors through
neutron abso:ption by U-238.

Point Lepreau: The 600 MWe CANDU 6 nuclear reactor in Pt. Lepreau, New Brunswick,
which bzgan service in 1983,

Pressure Tubes: The high strength zircaloy tubes that penetrate the calandria and contain the
fuel bundles and pressurized heavy water coolant

Pressurized Water Reactor (PWR). A nuclear power reactor cooled and moderated by light
water in a pressure vessel surrounding the core. The water is pressurized to prevent boiling and
is circulated in a closed primary loop through a heat exchanger, which generates steam in a
secondary loop connected to the turbine.

Primary Heat Transport System: The heavy water coolant system that removes heat from the
fuel bundles and exchanges the heat to the light water which drives the turbines. The primary
heat transport coolant flows through the pressure tubes and is separate from the moderator water.

Ram Adapter: A fueling machine head attachment that provides a profile corresponding to that
of the fuel and forms an extension of the ram assembly during fueling operations. At other times
the adapter is stored in the magazine.

Ram: Assembly: The section of the fueling machine that includes the rum housing, drive
assembly, ‘B’ ram, ‘C’ ram and latch ram. The rams position, insert and withdraw the fuel
bundles and associated hardware required for refueling.
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Reactor Face: The end planes of the calandria vessel, where the fuel channels can be accessed.

Recovered Enriched Uranium (REU):  Enriched uranium obtained by recovering and
processing irradiated fuel from a Light Water Reactor (LWR).

Resident Fuel Pusher: A free piston present in each inlet fitting, used to push the fuel column
along the fuel channel during refueling for single-ended reactors such as the CANDU 3. The
fuel pusher operates similarly to the FARE (Flow Assist Ram Extension) tool.

Return Tubes: Pathways in the ballscrew nut that allow the balls to recirculate around the
ballscrew threads.

Safeguards: A system of technical measures within the framework of international
non-proliferation policy entrusted to the IAEA in its Statute and by the Non-Proliferation Treaty
(NPT).

Separators: Components of the fueling machine that sense the fuel column position, restrain
the fuel column, separate the required fuel bund'es from the column and move the required
bundles into the magazine.

Shielding: A mass of material which reduces intensity to protect personnel and equipment from
radiation injury and damage.

Shield Plug: Removable plug which provides shielding against axial streaming of neutron and
gamma flux from the reactor end fittings. The upstream plug also redirects the coolant flow
axially through the fuel channels, eliminating coolant swirling and uneven bundle cooling.

Sievert: The SI unit of absorbed dose equivalent of ionizing radiation in biological matter, It is
the absorbed dose in grays multiplied by a modifying factor which takes into account the
biological effectiveness of the radiation. Abbreviated Sv.

Single-Ended Fueling: On-power loading and unloading of fue! bundles where only one
fueling machine is required because of a resident fuel pusher in the opposite end of the channel.
The single fueling machine both accepts irradiated fuel and inserts new fuel

Single Failure: Failure of a system of components assembled to perform a process or safety
function.

SLAR (Spacer Location and Repositioning) Machine: This is a sophisticated remote machine
that operates in the fueling machine position to access the fuel channels, locate the spacers
(garter springs) that separate the pressure tubes and calandria tubes, measure the gaps between
the tubes, and inspect the pressure tube.

Slightly Enriched Uranium (SEU): Uranium that has been enriched so that the fuel contains
more than the natural fraction of U-235.

Snout: The front end of the fueling machine head. The main components of the snout are the
antenna assembly, clamping mechanism, seal and outer and center sugports. The snout homes
onto a selected fuel channel assembly during refueling and clamps and pressure seals itself to the
end fitting.

Snout Plug: A latching mechanism and seal assembly which seals the snout of the fueling
machine head when it is off the reactor face. This permits the interior of the fueling machine
head to be maintained full of water at the operating temperature and pressure
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SPEL: Sheridan Park Engineering Laboratory, located at AECL CANDU in Mississauga,
Ontario. SPEL is the field service arm: of AECL CANDU focussing on design, assembly and
testing of specialized equipment for nuclear power plants.

Spent Fuel: See irradiated fuel.

Storage Bay: A large pool of demineralized water in ....ch irradiated fuel is stored while
fission products decay.

Gimbal Assembly: A suspension that secures the fueling machine head to the fueling machine
carriage. It also facilitates the alignment and engagement of the head to the reactor or fuel
transfer port. The gimbal assembly also accommaodates thermal expansion, contraction and
misalignment of the fuel channel assembles.

Thorium (Th): A heavy slightly radioactive metallic element with an atomic number of 90
whose naturally occurring isotope Th-232 is fertile and is the source of U-233 when irradiated in
a reactor.

Uranium Oxide (UO;): Ceramic grade uranium oxide from the refinery. When compacted and
sintered during fuel manufacturing it becomes a ceramic, having characteristics of chemical and
radiation stability, good gaseous fission product retention and a high melting point.

Used Fuel: See irradiated fuel.

‘X’ Motion: Horizontal motion of the fueling machine across the reactor face.

‘Y’ Motion: Vertical motion of the fueling machine across the reactor face.

‘2’ Motion: Motion of the fueling machine parallel to the longitudinal axis of the fuel channels.

Zircaloy: An alloy containing zirconium. The material is used extensively in the construction
of in-core reactor components because it has a very high corrosion resistance to high
temperature watei and low neutron absorption.

Zirconium: A naturally occurring metallic element with an atomic number of 40.
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Atomic Energy Control Board
Atomic Energy of Canada Limited

Atomic Energy of Canada - CANDU Operations
(now AECL CANDU)

As Low As Reasonably Achievable
Assistant Operator

American Society of Mechanical Engineers
Bruce Nuclear Generation Station ‘A’
Bruce Nuclear Generating Station ‘B’
Boiling Water Reactor

CANDU Owners Group

Centra Nuclear Services (OH)
Canadian Standards Association
Channel Power Peaking Factor

Chalk River Nuclear Laboratory
Canadian Standards Association
Central Service Area

Design and Construction

Design Basis Earthquake

Digital Control Computer Y

Derived Emission Limits
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