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ABSTRACT
Pickering A NGS has been in operation for
25 years and is one of the longest in
service CANDU1 stations. Some
underwater fuel handling equipment,
notably the conveyor stops, have been
without maintenance throughout that
time.

This paper describes the concept of a
conveyor isolation system that permits
draining of a single or multiple elevator
columns and also the early stages of a
development program for the elastomeric
sealing element. The prototype seal
element has been proven in lab tests to
be capable of limiting leakage to 0.5
IGPM at the design pressure of 6.5 psi.

The design of a sealing element is
particularly interesting because the
conveyor tube is a square cross-section
which contains an additional obstruction ,
a conveyor drive cable.

A seal delivery, actuating and positioning
system has been conceptually laid out
and the design is proceeding with
projected implementation in 1998.

1. INTRODUCTION

The Pickering A irradiated fuel transfer
system has been in service for more than
25 years and some components have been
almost completely inaccessible for
maintenance. Some of these items are the
conveyor stops and possibly the conveyor
tubes. To perform this maintenance, part
of the conveyor tube must be drained and
a temporary maintenance bung put in place
to maintain containment for the reactor
buildings connected to that conveyor
system. The conveyor system requires
confined space work rules while
performing any maintenance in the tunnels
below the elevation of the bay water
surface.

The Pickering A irradiated fuel transfer
system includes a long conveyor system
that transports irradiated fuel bundles from
the reactor buildings to the irradiated fuel
bay. The conveyor system and elevators
are filled with bay water which provides
part of the reactor building containment
system.

The conveyor system comprises a
horizontal, watertight, square stainless
steel tube; a conveyor cart, which carries
the fuel, and the drive system for the cart.
The conveyor tube is approximately 14
feet below the surface of the bay water
and runs though a long concrete tunnel 4
feet wide and 4 feet high which connects

1 CANDlT- Canada Deuterium Uranium
Registered trademark of AECL
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the elevators of both RB2s to the IFB3. The
details are shown in Figures 1,2 and 3.

To drain the conveyor tube for
maintenance, a means of isolating the
receiving bay water is required. The bay
can not be drained because of the
presence of irradiated fuel particles which
are currently shielded by the water.

If only one isolation point is provided it
would be impossible to isolate the Unit 2
West elevator without draining all the other
elevators in Units 1 and 2.

2. REQUIREMENTS

The conveyor tube sealing/isolation
fixture must permit isolation of any single
elevator bottom housing. The sealing
system must have built in redundancy.
The system must by mechanically locked
into place when isolating the water
column during personnel access.

Although not required to be absolutely
watertight the seal must limit leakage to
0.5 IGPM*. The seal must be able to
tolerate occasional exposure to gamma
fields of up to 10 Rads per hour. The
sealing element must have a service life
of 30 days.

The sealing system must not require
assembly or set up inside the small
conveyor tunnel.

The sealing/isolation fixture shall be
designed to conform with Ontario Hydro's
ergonomic design guidelines.

Compressed air shall not be discharged
under water from any pneumatic
equipment used in the fixture design.

3. CONTAINMENT

Pickering A System

The reactor building is a part of the
containment system designed to prevent
the escape of activity in the event of any
postulated accident to the reactor. To keep
the size of the RBs to a minimum, reactor
auxiliary systems which do not contain
highly radioactive fluids and which,
therefore, do not require the containment
and shielding provided by the RB, are
located in the Reactor Auxiliary Bay, which
includes the IFB.

One of the functions of the spent fuel
elevator in normal operation is to provide
RB containment by means of a hydraulic
seal between the RB and the IFB.
However, when an isolated elevator is
drained of its water and an opening is
created in the lower housing or in the
conveyor tube the containment boundary
is broken via the openings in the top
housing assembly. The openings in the top
housing must, be sealed before draining
the elevator. The major opening can be
conveniently sealed by clamping the fuel
transfer mechanism to the elevator. The
two access holes at the top of the housing
could be sealed using commercially
available expandable bungs. This leaves
the openings for the mechanisms (such as
fuel stop and return ram assembly, its
drive motor and gear box, etc) which are
fastened to the top housing. It is unlikely
that these connections are air-tight. If not,
then this equipment must be removed and
the openings temporarily sealed with
blanking plates.

The sealing/isolation fixture provides the
containment function for the other unit
that is not opened up and may be at
power. This is the reason that the bung
must withstand the accident condition of
12.5 psig which is 6 psi greater than the
design pressure.

2 RB - Reactor Building
3 IFB - Irradiated Fuel Bay
4 IGPM - Imperial Gallons Per Minute
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Pickering B System

Pickering A and B spent fuel elevators are
similar in design dimensions and in
concepts with respect to reactor building
containment. The B system has individual
conveyors for each reactor building,
therefore the draining of one elevator does
not affect the other building. The concept
for containment maintenance applied in A
is also applied in B. That is to make the
elevator top housing and upper column the
containment boundary when the water is
drained. This is accomplished by plugging
all the leakage paths into the top housing.
The top housing and column are designed
to withstand the +/- 6 psi differential
pressure The elevator lower column
embedded part is already containment
boundary.

The major leakage paths are the elevator
port and the access holes. There are many
minor miscellaneous leakage paths where
various actuators, shafts and cylinders
enter the top housing.

Depending on the concept for closing the
port there are some differences between
A&B. The A port is sealed by the transfer
mechanism. In B there is a gap between
the transfer mechanism and the port. This
gap was intentionally provided to allow the
operation of a "sniffer" for defected fuel.
The B port would have to be sealed with a
specially designed bung conforming to the
code requirements.

Both A and B top housings have two
access holes on top which have to be
sealed so the concept would be similar,
differing in details

The miscellaneous leakage paths in the top
housing of A and B may differ in detail but
the concepts could be common.

Therefore the containment concept
proposed for A is also applicable for B

4. SEALING SYSTEMS
ALTERNATIVES INVESTIGATED

Several alternatives were considered and
evaluated before setting out on the design
and development of the reference design.
Freezing was considered as a common
method of isolation used in CANDU plants.
However freezing had been unsuccessfully
tried on the conveyor tube in the past and
the large amount of liquid nitrogen required
in a confined space presented a hazard
unacceptable to Station operating
personnel.

Air-inflatable bags such as used in other
industries for isolating conventional piping
were considered. This method has several
disadvantages. The bag is unlikely to seal
the inside corners of the square tube.
Worker safety would not be sufficiently
guaranteed by the bag which would be
subject to sudden loss of air pressure or
puncture.

A concept was considered of injecting a
thermoplastic material which would harden
in place forming a plug. It could later be
removed by melting. The drawbacks for
this type of system are the complex
equipment for installation and removal and
the possibility of incomplete removal.

The concept selected was the bung based
on an expandable elastomeric seal. This
established method of fluid sealing offers a
number of advantages in this application.
Custom moulded elastomer seal elements
can be made to conform to the shape of
the tube. Most elastomers can survive
radiation doses up to 106 rad without
losing significant physical properties. Many
grades of commercially available material
could be safely used in this ambient
temperature application. Mouldable
elastomeric material can offer more
freedom in design than the other concepts
considered.

A two point isolation system was devised
that is capable of isolating one single
elevator. The system consists of two
bungs with a linkage and a delivery
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system. The bungs have double rubber
seals with remote actuators. See Figure 4

5. POSITIONING AND ACTUATING
SYSTEM

When the design concept for the isolation
fixture was established the consideration
was given to the method of its delivery to
the correct location in the conveyor tube.
The minimum dimension of the fixture
would not allow its insertion through the
openings in the elevator top housing. The
fixture could be lowered through the
access hole in the floor plate in spent fuel
transfer room to the bottom of the elevator
lower housing. Once in the lower housing,
however, it would be impractical to drag
the isolation fixture inside the conveyor
tube.

The most convenient means of installing
the isolation fixture would be through the
bay water, into the conveyor unloader.
Cutting a portion of the conveyor tube
extension from the bay wall to the
unloader was also considered but was
deemed unnecessary.

A system was conceived that would
permit loading of the isolation fixture from
the IFB. The conveyor cart would be driven
into the bay where an adapter would be
lowered onto the cart . The adapter locks
into the slots of the cart. The first bung
assembly which has wheels to permit it to
travel down the conveyor tube, is attached
to the adapter. See Figure 4.

The cart would then move forward to
permit the installation of a connector piece
and the second bung assembly. Then the
complete isolation fixture can be moved
down the conveyor tube to the appropriate
elevator bottom housing. The connecting
piece is of sufficient length that the two
bung assemblies can effect a seal on both
sides of the elevator housing including the
conveyor stop.

The bungs are accurately positioned at the
elevator by the irradiated fuel conveyor
cart. A solid metal backup system locks
the bungs into position to prevent slippage
The isolation fixture position feedback is
provided by the conveyor cart positioning
instrumentation. The conveyor stop is not
relied upon because it may be out of
service.

The actuating system is still in the early
stage of development and concepts such
as hydraulic, electric and ballscrew
actuators are being discussed.

6. DEVELOPMENT AND TEST
PROGRAM

The development of an expanding
elastomeric seal to form a watertight seal
inside a square tube is unique. The cable
lying on the bottom of the tube presents
another problem. A small stabilised leak
rate is desired.

During the concept study several
alternatives for sealing the conveyor tube
were looked into. Of the methods
considered, the approach based on
expanding a solid elastomer seal was
selected for further development. The
seal configuration was designed in
conjunction with a simple expansion
mechanism consisting of a movable
truncated pyramid plug. By moving the
plug axially the seal shape can be
modified in radial and axial directions.

During the design of the seal it was
recognised that the large radial gap of Vi"
required a substantial cross-section and
consequentially a large force to expand
the seal. Additional expansion by a factor
of 1.4 will be required at the sharp
corners. To avoid expanding a large
cross-sectional volume all at once the seal
was given a square tubular shape. In the
axial direction the wall-thickness was
varied from a thin section that allows pre-
engagement with the expansion plug to a
gradual thickening matching the slope of
the plug to provide the bulk for
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expansion. The thick straight section
following behind was tapered on the
outside and inside to a flat section
suitable for mounting of the seal. The
thick section therefore could expand by
riding on the slope of the plug but also
flex outwards providing bulk for
compression. The clamping bars served to
prevent the seal material from flowing
axially. The seal shape thus was modified
by expansion in the radial direction and
compression in the axial direction. Figure
5 shows a sketch of the seal cross-
section before and after engagement. The
seal is designed to be self-locking in the
installed condition.

The additional material required at the
corners of the seal can be provided in
several ways. The most simple manner is
by modifying the inner mould shape to
give more material on the inside corner of
the seal where it rides on the slope. The
slopes of the truncated pyramid can be
sculptured or the outside dimensions of
the corners could be increased. However,
both these methods require more complex
machining and will be difficult to modify
afterwards. Accordingly, for the
development work the preferable way of
changing the seal shape as required was
by modifying the mould. The mould
design was modular and accommodated
easy modifications by allowing re-
machining of parts only. The mould was
made from sections of aluminum angle
fixed to a base plate in the form of a
square annulus. Strips of aluminum bar
were machined and attached to outside of
the inner square and the inside of the
outer square to produce the required
cross section

The material selected for the seal was
polyurethane. It is a very tough and
strong material with a high tear strength.
It is one of the better materials for
radiation resistance and the temperature
range of application is quite acceptable.
To keep the expansion loads reasonable
the hardness of the seal material was
kept in the low (40 to 55) Shore-A
durometer range. For the development

seals two urethane materials were used;
Adiprene L-83 and Conathane TU-4010.
Both materials can be cast relatively
easily using the same mould. The
Adiprene L-83 was polyol cured to lower
the hardness to around 50 Shore A. This
material also required multi-component
mixing and a curing temperature of 100
°C. The Conathane TU-4010 is a two
component material which can be mixed,
poured and cured at room temperature.
The Shore A hardness of 40 can be
lowered further with the addition of a
modifier.

To test the seals a section of the
conveyor tube was constructed and a
seal expansion mechanism was designed
and built. Figure 6 shows the complete
test arrangement. The leakage flow rate
was measured at the design differential
pressure of 6.5 psi and the accident
condition differential pressure of 12.5 psi.

The details of the seal expansion
mechanism can be seen in Figure 7. The
drive rod and expansion plug are moved
axially by means of a double acting nut
on a threaded portion of the rod end. This
nut is held captive on the end of the
support tube. All leakage paths at the
plug, drive rod, seal flange and blind
flange are sealed with O-rings. The travel
of the expansion plug is 2V*".

A number of seals were manufactured
from Adiprene L-83 or Conathane TU
4010 materials to Shore A Hardness 55
and 40 respectively. The first seal was
moulded with a constant cross-section
without allowance for extra material at
the corners and without a chamfer or
groove to accommodate the cable. This
seal provided an initial assessment of the
magnitude of the expansion force,
required stroke length and flow of seal
material with corresponding change in
shape.

The second L-83 seal was dimensionally
changed to fit better on the mounting
flange and the shape was changed by
tapering the inside bars towards the
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corners giving more bulk at that location.
The expanded seal did fit tight inside the
test tube except for gaps of about 1/16"
x V2" at three corners.

To improve material flow and sealing at
the corners the next seal was made from
the softer Conathane TU - 4010 material.
The shape was also modified to
accommodate the cable and to give even
more material towards the inner corners.
This seal was tested at a differential
pressure of 6.5 psi and yielded a leak rate
of 3.4 IGPM.

To provide visual assessment of the seal
shape, a transparent Lexan conveyor test
tube was constructed. A 1 inch square
grid pattern was drawn on one face of
the seal and when expanded the seal first
made contact with the centre of the face
of the conveyor tube and then the
contact area spread out towards the
corners. The early clamping at mid-plane
caused the seal material to be held there
by friction and be stretched towards the
corners. This helped to visualise that
premature clamping at mid plane
prevented full sealing at the corners and it
illustrated the need to make first contact
at the corners. The grid pattern on the
seal face became barrel shaped and
showed that seal material was being
extruded forward of the expansion plug.
The expansion plug, seal and walls of the
Lexan test jig were lubricated with a
silicone mould release agent to reduce
and delay the friction factor. The seal
material did indeed flow much earlier
towards the corners and the contact area
with the conveyor tube was increased
especially in the corners. The mould was
therefore modified to move the corner
material forward in the next seal and at
the same time to reduce material at mid-
plane. Figure 8 shows the shape at the
inside corner of the seal.

The result of pressure testing the final
seal made from Conathane material was a
leak rate of 0.9 IGPM, all of it at the
bottom corner. When the test was
repeated with a %" solid rod instead of

the cable, the leakage rate was reduced
to 0.6 IGPM. The seal was leak tight
except for a small leak at the upper
corner.

The seal was installed again with every
effort taken to position it concentric.
Tested with the cable in place the seal
produced leak rates of 0.4 IGPM in one
direction and 0.45 IGPM in the opposite
direction. The leak rate at 12.5 psi
differential pressure was measured at 1
IGPM while the seal maintained its
integrity. This was the test requirement
for accident conditions of overpressure. In
this condition a higher leak rate is
permitted temporarily.

The torque required to drive the
expansion plug over the full stroke length
was measured at 29 foot-pounds.
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FIGURE 1
FUEL TRANSFER ELEVATOR AND CONVEYOR
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FIGURE 2
CONVEYOR ELEVATION
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FIGURE 3
PICKERING A CONVEYOR
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FIGURE 4
CONVEYOR CART WITH BUNG ASSEMBLY
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FIGURE 5
CONVEYOR SEAL SCHEMATIC

FIGURE 6
CONVEYOR SEAL TEST RIG
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FIGURE 7
CONVEYOR SEAL EXPANSION MECHANISM

FIGURE 8
URETHANE SEAL ELEMENT
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