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1.0 Introduction

For many years, good oeration of the fuel handling system at
Ontario Hydro's nuclear stations has been taken for granted with
the unavailability of the station arising from fuel handling
system-related problems usually contributing less than one per-
cent of the total unavailability of the stations.

While the situation at the newer Hydro stations continues gener-
ally to be good (with the specific exception of some units at
Pickering B) some specific and some general problems have caused
significant loss of availability at the older plants (Pickering A
and Bruce A).

Generally the experience at the 600 MWe units in Canada has also
continued to be good with Point Lepreau leading the world in
availability.

As a result of working to correct identified deficiencies, there
were some changes for the better as some items of equipment that
were a chronic source of trouble were replaced with improved
components. In addition, the fuel handling system has been used
three times as a delivery system for large-scale non destructive
examination of the pressure tubes, twice at Bruce and once at
Pickering and performing these inspections this way has saved
many days of reactor downtime.

Under COG there are several programs to develop improved versions
of some of the main assemblies of the fuelling machine head.

This paper will generally cover the events relating to Pickering
in more detail but will describe the problems with the Bruce
Fuelling Machine Bridges since the 600 MW 1P stations have a
bridge drive arrangement that is somewhat similar to Bruce.

2.0 Reliability Problems

2.1 Events Leading to Unavailabill-ty

In the recent past, there has been a number events that have made
the various fuel handling systems unavailable but, a relatively
small number have resulted in maJor contributions and these are:

-During 1990 Pickering Unit 3 was out of service for retub-
ing. In April of 1990, while the fuelling machine bridge was
being moved to bring the retubing shielding cabinet to a
different elevation the south end of the fuelling machine
bridge dropped three feet and came to a stop. A delay to the
retubing program of about ten days resulted from this event.



-In August of 1990, in Pickering Unit 8, while the east
fuelling machine bridge was being raised in preparation for
refuelling a channel, the two ends of the bridge failed to
elevate at the same rate and the tilting of the bridge tat
resulted caused both of the north end ballscrews to frac-
ture. The tilt was limited to about two feet but since the
bridge was at a low elevation, the bending stresses in the
screws were much higher than was tne case in the Unit 3
where the bridge was about half way up and where the screws
did not fail. A station outage of about two weeks was re-
quired to repair the damage.

-In January of 1990, while fuelling of a channel in Bruce A
Unit 4 was in progress, the brakes which lock the fuelling
machine bridge in position during fuelling were inadvertent-
ly released and the bridge coasted down ap proximately three
feet. This event resulted in the end fitting of the channel
in question being permanently bent down such that the fuel
channel had to be replaced. Unit 4 was out of service for
five months while the damaged channel was replaced. Much of
this long delay was caused by a shortage of staff required
to do the channel replacement.

-During the year significant deratings occurred in the
Pickering A Units that were running and some of the Picker-
ing units due to the unavailability of replacement fuell-
ing machine rams that were needed to meet the abnormally
high ram failure rates that were occurring.

2.2 Causes of These Events

-Both of the Pickering Fuelling Machine Bridge problems had
the same originating cause. The bridges, which weigh about
140,000 pounds with the fuelling machine included, are
elevated by four recirculating ballscrews. These screws are
turned by worm gear reducers which are mounted at the base
of each screw. The reducers are connected to each other and
to the brakes and drive motors by line shafting, shaft
couplings and bevel gearboxes, which are needed where the
shafting has to change direction. In each bridge there are
over twenty couplings. The couplings are connected to the
shafting with square keys in open-ended keyways. The origi-
nal design did not pay sufficient attention to securing the
couplings in position and to preventing the escape of the
keys. Loss of one of the keys in one of the couplings on the
cross shaft which connects the north and south ends of the
drive was the cause of both these failures.

-The problem with the Bruce bridge was found to be an error
in the control programs in the computers that control the
fuel handling system.



Because the Bruce fuelling machines are mounted on trolleys
and are moved from unit to unit to perform fuelling as
required, and the control system must control each of the
trolleys separately while also controlling the bridge mo-
tion, the computer programming is quite complex.

The explanation of the control system failure that follows
is a much-simplifed one.

The control system utilizes two different computer func-
tions; one executes the actual control programs and a second
"watchdog" function shadows the actions of the first. This
second function utilizes a set of rules for actions which
are unacceptable due to their potential for damaging the
system.

At the time that the unwanted motion occurred, the bridge in
the central service area was being moved and the "watchdog"
function was temporarily unavailable. An error in the main
control program then caused the release of the brakes on the
Unit 4 bridge.

since the bridge drive system is not self-locking the bridge
drifted down under its own weight until the end fitting that
the fuelling machine was clamped to, together with those in
the two rows below, offered enough resistance to stop its
decent.

-The availability problems for fuelling machine ram assem-
blies at Pickering had several causes. The first of these
was an abnormally high failure rate for the rams. Part of
this can be attributed to the advancing age of the equip-
ment. Secondly, new procedures were introduced to reduce the
amount of dose uptake being experienced by the mechanical
maintainers at the station. Both Regulatory changes and an
unwillingness of the staff and management to expose the
workers to unnecessary radiation resulted in the decision to
do much more decontamination of the ram assemblies before
maintenance work could begin. Enough facilities and staff to
perform this work were not available immediately and repair
work fell behind.

-These major events were exacerbated by a chronic shortage
of resources including money, equipment and personnel.

2.3 Remedial Measures

-As a result of both the Pickering Bridge failures an inves-
tigation was launched into; what had been the- operating
experience with the bridges during the period since Picker-
ing A first went into service, what modifications had been
made to them, what maintenance had been performed and what
changes should be made to increase the reliability of the
equipment.



It was discovered that there had been several failures of
the bridge drives, similar to the current failures, in the
early days of Pickering A and that some improvements ad
been made to reduce the likelihood that this type of failure
would happen again. These changes were also incorporated
into the Pickering design when it was at an early stage.

The bridge drive-, had received periodic maintenance through-
out their operating lives, however, the design was such that
metal cover plates, which were provided to protect the
equipment, were so time-consuming and difficult to remove
and replace that they virtually guaranteed that close n-
spection of the shafting and couplings would not be done on
a regular basis.

As a temporary measure to increase reliability, modifica-
tions are being made to the method of securing the cou-
plings in position in all the Pickering units.

A failure analysis of the bridge drive system was also
conducted and it was found that it was vulnerable to single
mode type failures that could result in loss of control of
the bridge motion. Using input from the designers and the
operators a list of recommended changes was generated. These
changes were based on the premise that no single failure
should result in the loss of control of the bridges and that
all single failures could be detected as they occur and the
bridge motion stopped automatically.

These recommended changes are being implemented as resources
and the opportunity to incorporate them allows.

In the case of the Bruce event, it was determined that the
computer programs that control the fuel handling system
contained an error that had been found previously by the
station staff but had not been incorporated by the designers
of the control system into their design listings of the
programs. A new set of programs, which were prepared by the
designers to incorporate other changes reintroduced this
error into the site computers.

An assessment of the way in which the software was being
written, reviewed and changes to it controlled, revealed
weaknesses in these procedures and measures were put in
place to correct this situation. A review of whether further
protective measures, in the form of hard-wired interlocks
are needed, is still being conducted.

It seems likely that the mechanical part of the Bruce bridge
drive will receive some kind of review, similar to what was
done for Pickering since there have also been several lesser
failures involving loss of keys in couplings at Bruce.
However the Bruce system is inherently less vulnerable to
the effects of the failure of individual components.
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3.0 Use of the Fuellinct Machines as an Inspection Tool Delivery
System

Both the Pickering and the Bruce Fuelling Machines have been used
as delivery systems for performing large scale, fuel channel,
inspection programs.

At Bruce, in 1988, the fuelling machines were temporarily modi-
fied under a program called PIPE (Packaged Inspection Probe
Equipment). The fuelling machines were fitted with equipment that
allowed a number of cables to pass through the centre of the ram
assembly. These cables terminated at a connector at the front of
the ram. A tool containing ultrasonic transducers was loaded into
the magazine. The system was then operated as follows; the
fuelling machine removed the closure plug and the shield plug and
stored them in the fuelling machine magazine, the ultrasonic tool
was picked up and advanced into the pressure tube rolled joint to
inspect for cracks in this area. This system was used twice on
Bruce A reactors and saved weeks of downtime that would have been
required had CIGAR, the dedicated channel inspection system, been
used.

At Pickering, in 1990, the Fuelling Machines were also temporari-
ly modified in a similar way that was used at Bruce only this
time the program was called BLIP (Blister Location and Inspection
Equipment-it also carried eddy current coils to locate the garter
springs). The mission was to locate the garter springs that space
the pressure tube from the calandria tube. These springs were
known to be out of their design position and knowing where they
were was crucial to restarting Pickering Unit 4 In BLIP, not
only did the fuelling machine have to remove the closure plugs
and shield plugs but it had to move the fuel out of the way so
that the pressure tube was uncovered for examination. All 390
channels were inspected in just over two weeks. This same work
would have required over 100 days using CIGAR.

4.0 Development of Improved Fuel Handling Euir)ment

Development of improved fuel handling equipment for the Picker-
ing-based fuel handling system, under the COG umbrella, has been
ongoing for a number of years. As mentioned earlier, the general
perception, up until recently, has always been that not much
effort was needed to improve the fuel handling system and this
attitude has lead to a low level of funding for this work. Never-
theless, worthwhile programs have been underway and several of
them have produced very useful results in the past couple of
years. These programs are:

-Replacement shaft seals for the Fuelling Machine Ram ball-
screws have been developed and successfully applied at
Pickering, Gentilly 2 and Point Lepreau. These seals use
sintered, silicon carbide seal elements and much simplify
the seal design.

5



Seals of this design have been in service at Pickering A for
more than two years with little evidence of any deteriora-
tion. This seal design could also be extrapolated to differ-
ent sizes.

-Replacement Guide Sleeve ballsplines have been developed
and tested in simulated service. It appears that the ew
design will last indefinitely. Two prototype splines are
being installed at Gentilly 2 for evaluation in service.

-DELRIN spacer balls were introduced into the Pickering
Fuelling Machine Ram ballnuts a number of years ago and have
been very effective in prolonging the life of the ballnuts
and ballscrews. Their only drawback has been that they wre
out too quickly. Testing of spacer balls made of TORLON (a
plastic by AMOCO) has been very encouraging since they
provide the lubricity of the DELRIN but wear at about he
same rate as the load-carrying balls.

-A program that was completed but has yet to find a home is
the development of an alternate seal ring for the 30 ich
Grayloc seal ring for the Pickering Fuelling Machine Maga-
zine Housing. This new seal requires much less force to pull
the two parts of the housing together and would be much less
likely to damage the housing both in the seal area and in
the area where the clamps have traditionally dug into the
housing flanges. This change is highly recommended and would
also be applicable to the Douglas Point design of Fuelling
Machine Head.

-A small but useful program developed precision measurement
tooling for measuring Fuelling Machine Ram ballscrew and
ballnut wear. With these tools it is easy to determine
whether the backlash in the assemblies is within acceptable
limits. It is worth noting that it has been established that
there must be a certain minimum backlash for acceptable
performance of these assemblies to result.

More recently an increased emphasis on improving the availability
of the existing nuclear plants has developed, particularly in the
past year or two. The undeniable fact that the performance of the
fuel handling systems is worsening has resulted in an appreciable
increase in the funds allocated by COG to address fuel handling
problems. on the basis of this fact, the direction of the program
has been changed to take on the development of new designs for
more major items of equipment that are big contributors to fuell-
ing machine unavailability as follows:

-Design has started on a completely different -concept for
the fuelling machine ram assembly. In this concept the main
ram would have two sets of rack teeth cut on its outside and
two pinions, one located on each side of the ram, would
drive it. Each pinion shaft would come out of the pressure
boundary through a high pressure seal. A separate drive
motor would be mounted on each pinion shaft.
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The main components of this concept have been designed as
has a test rig in which to validate the design. Testing
should begin later this year.

-Another new program that is starting is the development of
a Channel Closure that would replace the face type seal,
that has been used for so many years, with a bore type seal.
This design will simplify the end fitting and the fuelling
machine at the same time. The Fuelling Machine Guide Sleeve
will no longer be required and the Shield Plug, by the use
of spacers, can be retained by the Channel Closure thus
eliminating one mechanism. This change could be fitted to
existing reactors during the outage that will be required
for retubing.

In a future reactor design, this concept could be combined
with a four bundle length Fuelling Machine magazine. This
combination would make fuelling much simpler and faster.

-As resources and funding permit, it is planned also to look
at redesigning the fuel separators

All of these developments would be back fittable to the existing,
Pickering style fuelling machines.

5.0 Conclusion

Although the Fuel Handling Systems have had their share of prob-
lems in the recent past there is some indication that the situa-
tion may be improving as more resources are brought to bear on
resolving them.

In the development area, since Ontario Hydro and AECL have decid-
ed to give design responsibility for the Fuel Handling Systems to
General Electric Canada, one can only speculate as to what the
future direction of the fuel handling development program will
be.
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