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RÉPARATION COMMANDÉE À DISTANCE DE LA TUYAUTERIE
DE DOUGLAS POINT

par J.J. Conrath

Résumé

La centrale électronucléaire de 200 MWe de
Douglas Point qui est entrée en service en 1966 est
'a première installation industrielle de ce genre au
Canada. Elle comporte un système de réacteur du
type CANDU dont le caloporteur et le modérateur
sont de l'eau lourde. En 1977, après 11 ans de ser-
vice, on a décelé une fuite et établi qu'elle provenait
du Système de tuyauterie de modérateur (dia-
mètres de tuyaux de 19 mm à 76 mm) situé dans
une enceinte au-dessous du réacteur où les
champs de rayonnement pendant l'arrêt allaient
jusqu'à 5000 R/h. Lors de l'examen à la caméra de
télévision commandée à distance, on a découvert
qu'un étrier fileté de serrage avait usé de part en
part la paroi d'un tuyau et ainsi entraîné la fuite et
qu'il y avait aussi de l'usure sur d'autres tuyaux.
Étant donné que le tuyau qui fuyait faisait partie
d'un système redondant, on s'est servi d'un bou-
chon provisoire pour l'isoler de forte que le
réacteur puisse continuer à marcher.

Ultérieurement, on a entrepris un programme de
réparation étendu sous la forme d'une entreprise
en commun mettant en jeu le propriétaire du sys-
tème, l'Énergie Atomique du Canada, Limitée et
l'exploitant et constructeur, l'Ontario Hydro. Les
premiers travaux comportaient la conception et
l'essai d'un appareillage de commande à distance
pour affectuer les opérations principales suivantes:

(a) l'enièvement du blindage biologique en blocs
de bâton et le découpage d'ouvertures dans le
revêtement intérieur en acier inoxydable de
3 mm d'épaisseur de l'enceinte pour pouvoir
accéder à la tuyauterie;

(b) le démontage des étriers filetés de serrage exis-
tants;

(c) la réparation par soudage des tuyaux qui
fuyaient;

(d) le montage de nouveaux supports de tuyaux;
(e) le montage des fermetures de revêtement in-

térieur de l'enceinte et des nouveaux blocs de
bâton de bouclier biologique à la fin des travaux
de réparation généraux.

L'appareillage destiné aux opérations ci-dessus a
été réalisé et éprouvé vers la fin de 1979 et les
travaux de réparation exécutés au cours d'une
période de 8 mois lors d'un arrêt prolongé de !a cen-
trale en 1980 pour permettre le montage du Sys-
tème de refroidissement d'urgence du coeur. En se
servant d'un appareillage télécommandé, contrôlé
par du personnel situé derrière un blindage de con-
ception spéciale, pour la plupart des travaux de
réparation, on a limité la dose totale reçue de
rayonnement à 58 Rem. Le succès de cette entre-
prise montre qu'en matière de réparation télécom-
mandée dans les centrales électronucléaires, il n'y
a pratiquement rien d'impossible.

La présente communication décrit l'appareillage et
les techniques employés lors des travaux de répa-
ration commandés à distance à Dougla: Point.

Communication présentée à la conférence des
aspects et techniques de réparation des
spécialistes de L'AIEA à Risoe, Danemark, du
14-16 Septembre 1982
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REMOTELY-CONTROLLED REPAIR OF PIPING AT
DOUGLAS POINT

by J.J. Conrath, Atomic Energy of Canada

Abstract

The 200 MWe Douglas Point Nuclear Generating
Station which started operation in 1966 was
Canada's first commercial nuclear power plant. It
utilizes a CANDU type reactor system with heavy
water used as the fuel coolant and also as the
moderator. In 1977, after 11 years of operation,
leakage of heavy water was detected and traced to
the Moderator Piping System (pipe sizes 19mm to
76mm) located in a vault below the reactor where
the radiation fields during shutdown ranged up to
5000 R/Hr. Inspection using remotely operated TV
cameras showed that a 'U' bolt clamp support had
worn through the wall of one pipe and resulted in
the leakage and also that wear was occurring on
other pipes. Since the leaking pipe was part of a
redundant system, a temporary plug was used to
isolate it so that the reactor could continue to
operate.

An extensive repair plan was subsequently under-
taken in the form of a joint venture of the design
owner Atomic Energy of Canada Limited, and the
builder operator, Ontario Hydro. The initial work in-
volved design and testing of remotely operated
equipment for such major operations as:

(a) Removing concrete block biological shielding
and cutting openings in 3mm thick stainless
steel vault liner to gain access to the piping.

(b) Removing existing pipe 'IT clamp supports.
(c) Welding repair of leaking pipes.
(d) Installation of new pipe supports.
(e) Installation of vault liner closures and new

biological shield blocks on completion of over-
all repair.

Equipment for the above operations was com-
pleted and tested by the end of 1979 and the repair
carried out over a period of 8 months during a pro-
longed outage of the station in 1980 to permit in-
stallation of an Emergency Core Cooling System.
By using remotely operated equipment controlled
by personnel located behind specially designed
shielding for most of the repair activities, the total
radiation dose expenditure was limited to 58 Rem.
The success of this undertaking indicates that in
the area of remotely controlled repair of nuclear
generating stations, virtually anything is possible.

This paper describes the equipment and pro-
cedures used in remotely controlled repairs as
Douglas Point.

Paper presented at the IAEA Specialist Meeting on
Repair Aspects and Procedures, Risoe, Denmark,
September 14-16, 1982
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BACKGROUND IDENTIFICATION OF LEAKAGE SOURCE

The 200 MWe Douglas Point Nuclear Generating Sta-
tion which started operation in 1966 was Canada's first
commercial nuclear power plant. It is located in the Pro-
vince of Ontario on the shores of Lake Huron whete the
3000 MWe Bruce "A" Station is now in operation and
another 3000 MWe Bruce "B" Station under construc-
tion. All these stations utilize a Candu type reactor
system with heavy water used as the fuel coolant and
also as the moderator. In 1977, after 11 years of opera-
tion, leakage of heavy water at a rate of 125 kg/hr was
detected and traced to the moderator piping system lo-
cated in a vault below the reactor where the radiation
fields during shutdown ranged up to 5000 R/hr. Because
of the potential for further leaks and the high costs in-
volved with this loss of heavy water, the need for correc-
tive action became a necessity.

REACTOR LAYOUT

The reactor building and equipment arrangement is
shown in Figure 1. The area of interest where the
leakage originated is under the reactor calandria
vessel (item 1). The reactor layout in this area is shown
in Figure 2. The calandria vessel contains the horizon-
tal fuel channels and heavy water moderator. To
achieve a fast shutdown, the moderator under a cover
gas of helium can be dumped into a tank connected to
the bottom of the calandria by a rectangular to circular
transition piece. The calandria and dump tank are
housed in the reactor vault which is a cubical structure
with walls of heavy concrete which serves as a biologi-
cal shield. The vault is lined internally with a 3 mm
thick stainless steel liner.

Also in the vault in an area known as the lower lab-
yrinth are low pressure stainless steel 304L piping
systems that provide heavy water coolant to the calan-
dria and transition piece structural components and
also helium purging inside the calandria and dump
tank. Among this piping are two mutually redundant
sets of five pipes ranging in diameter from 19 mm to
76 mm. These pipes are supported by two brackets
(locations A and B in Figure 2) and run parallel to each
other along the top of the dump tank from the calan-
dria and then via two right angle bends down the side
of the tank into a space outside the vault at the 174 m
elevation known as the moderator room. Another view
showing more detail of the array of piping and their
supports is shown in Figure 3. The outer bracket (item
10) is attached to the 200 mm moderator inlet line (item
7) and the inner bracket is welded to the dump tank.

When leakage of heavy water into the vault was first
detected in 1977, four 75 mm inspection ports in the
biological shielding accessible from the moderator
room (Figure 2) offered the best means of initially trac-
ing the leak. A small TV camera mounted on the end of
an articulating boom was placed through one of the in-
spection ports and a leak was traced to one of the
duplicated 37 mm pipes feeding water to the dump
port and transition piece (item 3E, Figure 3). A photo-
graph of the piping and supports scanned by the TV
camera is shown in Figure 4 where the outer support
bracket is clearly visible. A 'IT bolt clamp at the outer
bracket had worn through the pipe wall (Figure 5).
Since the leaking pipe was part of a redundant system
it was possible to isolate it and still operate the reac-
tor. This was achieved with an expandable graphite
asbestos plug that was inserted from the moderator
room using a specially devised bicycle chain that had
the flexibility to go around pipe bends.

During installation of the pipe plug a more detailed
TV camera inspection and internal eddy current ex-
amination showed that six of the ten parallel pipes in
the reactor vault had fretting damage around U-bolts at
the outer bracket and one at the inner bracket.

At the same time acceleromei-srs were attached to
the pipes and these showed that the source of vibra-
tion was the 200 mm moderator supply line to which
the outer bracket was anchored.

Some months later, further leakage of heavy water
in another pipe was detected and TV camera inspec-
tion showed it io be due to U' clamp fretting at
another duplicated 37 mm pipe (item 3W, Figure 3) that
fed water to the dump port and intermediate stiffeners.
A second asbestos/graphite plug was used to isolate
this pipe and reactor operation was again continued.

REPAIR APPROACH

Considerable thought was given to ways in which per-
manent repairs might be carried out and the cause of
the problem eliminated. It was decided to weld sleeve
segments over the damaged pipes and replace the
outer pipe support bracket. The approach that was
adopted (Figure 2) was to provide access to the vault
at the 180 m level where the pouring of Jhe biological
shielding concrete had been interrupted and a gap left
that was filled by 26 water cooled interlocking blocks
of concrete which could be removed. Because of the
high radiation fields (up to 5000 R/hr) it was necessary
to use remotely operated equipment controlled by per-



Eonnel operating behind a shielding wall to protect
them from radiation.

In order to implement the required activities an ex-
tensive repair plan was undertaken in the form of a
joint venture of designer/owner Atomic Energy of
Canada Ltd. and builder/operator, Ontario Hydro. The
operation was conducted under the joint management
of an AECL senior site resident engineer and an On-
tario Hydro engineer who pooled the relevant man-
power and physical resources of the AECL Engineer-
ing Company at Sheridan Park, the AECL Research
Company at Chalk River and Ontario Hydro for the
development of the special tooling required. The con-
tributions made by the various groups is given in
Ref. 1.

A long shutdown of the Douglas Point Station was
planned for early 1980 for installation of a new emer-
gency coi-e cooling system and it was planned to carry
out the piping repair at the same time. This allowed a 2
year lead time for design and development of the tool-
ing from the time the leak was discovered in late 1977.

SITE REPAJR FACILITIES AND EQUIPMENT
LAYOUT

A schematic of the basic facility and equipment layout
used for repairs is shown in Figure 6. A temporary
plastic tent was installed on the 180 m level for hous-
ing the control units and operating personnel. The tent
was pressurized with clean filtered air to keep out air-
borne contaminated particles and also tritium which is
produced by heavy water reactors.

A shielding wall 54 cm thick and 1.8 m high made
from llmenite concrete blocks was erected between
the tent and the reactor vault access area. It reduced
radiation dose rates to about 5 mR/hr.

A special crane was erected in front of the reactor
vault with X, Y and Z motion and could be manoeu-
vered within ± mm. This crane was remotely operated
from personnel in the tent and was used in preparing
the access area, removing the shielding blocks, handl-
ing temporary shielding modules between repair ac-
tivities, supporting some of the tooling during actual
repairs and moving the basic manipulator in and out of
position. Special lighting and TV cameras were
mounted in the crane area to provide good visibility
during remote operations. The basic manipulator is
shown located in place mounted to a shielding
module. Two of these can be installed at the same
time, one through each of the two 64 cm x 74 cm liner
access holes. The manipulator shown in more detail in
Figure 6A could extend 2.4 meters into the reactor
/ault by telescopic horizontal motion. It also had ver-
tical and angular motion which gave it access to the

work areas as required. TV cameras were mounted on
it to provide 'vision' for the operating technicians.

REPAIR TOOLING DESIGN AND
DEVELOPMENT

During the conceptual design of the tooling, bench
tests to prove out more difficult design features were
carried out and this was followed by prototype tests on
all the tools using a full scale mock-up of the reactor
vault lower labyrinth. Design features were built into
the tools so that they could be retrieved in case of
failure during the site repair. Procedures were de-
veloped for each of the repair tasks and thoroughly re-
hearsed under simulated remote operating conditions.

REPAIR SEQUENCE

The general repair sequence was as follows (Ref.
Figure 2). All operations were done remotely where
high radiation fields existed and all but the pipe
welding was manually controlled.

1) Remove concrete biological shielding blocks.
2) Cut access holes in reactor 3 mm thick vault

liner.
3) General pipe inspection.
4) Pemove outer support 'U' bolts.
5) Clean and mold piping at outer supports.
6) Weld repair of pipes at outer supports.
7) Remove inner pipe supports and brackets.
8) Clean and mold piping at inner support.
9) Weld repair of piped at inner support

10) Install new inner supports.
11) Install new outer supports.
12) Install vault liner closure plate.
13) Install new biological shielding concrete blocks

and restraining cable.

DESCRIPTION OF REPAIR ACTIVITIES

For the repair activities Ontario Hydro provided a basic
repair crew that worked around the clock, seven days a
week. To accommodate this routine a schedule was
drawn up for three crews to work two 12 hour shifts a
day. Atomic Energy of Canada, Sheridan Park and
Chalk River staff participated in the repair when tools
which they designed were being used. There were
always six to ten people involved in the repair. All
operating personnel were trained using the full scale
mock-ups before the repair started.



The repair activities were as follows:

1) Removal of concrete biological shielding blocks

The crane with special lifting devices was used to
remove the shielding blocks in front of the reactor
vault access area (Figure 7). As the blocks were remov-
ed they were enclosed in a plastic bag and moved to a
disposal site. The blocks had gamma fields of up to 3
R/hr.

2) Cutting access holes in the vault liner

Removal of the concrete biological shielding blocks
exposed the 3 mm thick stainless steel vault liner so
that two 64 by 74 cm access holes could be cut. Pre-
parations included cleaning the liner surfaces and
marking the location of the access holes to be cut.
This was done by mounting rotary brushes and grind-
ers and measurement devices on the end of a boom
that was attached to the crane.

Before the access holes were cut out, a pre-
fabricated stainless steel frame was loosely mounted
on the liner over the access holes also using a boom
that was attached to the crane (Figure 8). The next step
then was to attach 8 mm diameter studs to the liner
(using stud welding equipment) through holes in the
frame (Figure 9). The original intention was to draw the
liner tightly to the frame by tightening nuts on the
studs so that the frame could be welded to the liner
just before the access holes were cut and then at the
end of the repair, weld closure plates to the frame to
effectively reseal the liner. However, due to severe
liner distortion, the stud welding was only partially
successful because the studs were not long enough to
bridge the gap between the frame and the liner caused
by the distortion. This prevented the frame to liner seal
welding from being carried out at this time as original-
ly planned, but it was still possible to cut the access
holes.

Equipment for cutting the holes consisted of a
plasma arc cutter mounted on a structure that was at-
tached to and located by the frame previously installed
on the liner (Figure 10). Motorized drives on the struc-
ture moved the plasma arc cutter in the X' and 'Y'
direction to achieve the cuts. The cut pieces of stain-
less steel were removed using suction cups and plac-
ed in lead flasks for disposal. Their gamma fields rang-
ed from 10 to 13 R/hr and 1500 c/m loose contamina-
tion. Figure 4 shows a view of the piping through the
two access holes after the liner was cut.

3) Piping Inspection Using a TV Camera
a) Using TV Camera

The provision of 2 access holes in the vault liner at the

180 m level allowed a more detailed TV camera inspec-
tion than previously carried out from the 174 m level in
the moderator room. This inspection showed that all
pipes at the outer support bracket had some degree of
wear except for one of the 76 mm pipes. The 'IT bolt
had apparently become detached from this pipe at
some early stage of reactor operation. No evidence of
wear could be seen at the inner support brackets. This
confirmed the results of the previous eddy current in-
spection at the outer brackets except for the east
19 mm pipe which showed 50-75 per cent wear by the
eddy current method.

Camera inspection also showed that some nuts had
fallen off the 'U' bolt at the inner supports which cast
doubt on the integrity of the support system. It was de-
cided to remove all the 'U' bolts and replace the inner
support.

b) Using Ultrasonic Inspection at Inner Bracket

Since the eddy current method previously used relied
on internal passage up the pipe, the 50 mm and 76 mm
pipes could not be inspected because of internal ge-
ometry. An ultrasonic instrument was devised to ex-
amine the pipe wall beneath the 'U' bolt clamps with-
out removing the clamps. The method depended on
transmitting sound waves along the surface of the
pipe and recording any additional time taken for the
sound to follow a depression due to wear. The use of
this method showed minimal wear in the 50 mm and
76 mm pipes.

4) Removal of 'If Bolts
a) Outer Bracket

'U' bolts at the outer brackets were removed using an
abrasive cutting wheel tool on a slide mechanism
(Figure 11). The tool was inserted into the labyrinth us-
ing the basic manipulator assembly which was placed
into position by the crane. 'U' bolts once severed, were
allowed to drop to the floor of the labyrinth and retriev-
ed later.

The outer bracket was left in place as it was to be
used as part of the new outer support assembly.

b) Inner Bracket
Originally it was planned to use hydraulically operated
cutting jaws to remove the inner 'U' bolts but this fail-
ed to operate properly and was only partially suc-
cessful. The 'U' bolts were finally severed using an
abrasive wheel similar to that used for the outer sup-
ports mounted on the end of the manipulator assem-
bly. This was a more critical operation than for the
outer supports as the space restrictions were severe
and the reach longer. Great care had to be exercised
so as not to damage the pipe while cutting the 'U' bolt.

A plasma arc torch on the end of a manipulator
assembly was used to cut away the bracket which was



welded to the dump tank. A hydraulically operated
gripping clamp was used to retrieve all fragments and
these had gamma fields of the order of 100 to 150 R/hr.

5) Mold Impressions of Pipe After 'U' Bolt
Removal

Mold impressions were made on the area of wear
around the pipe at both the inner and outer brackets. In
all cases a silicone cast was then made from this mold
impression as a permanent sample. These were used
to determine the orientation and circumferential
length of the fretted area and also the total number of
pipe repairs required.

Equipment used for molding the pipes at the inner
supports is shown in Figure 12. The tool head was
mounted on the end of a manipulator and used a low
melting point metal called Cerobend for obtaining the
mold. The head contained its own heating and pouring
devices and by using a storage tray could take molds
on all 10 pipes with one entry into the reactor vault.
Because of its size this equipment could not be used
for the pipes at the outer support. For these pipes, im-
pressions were made by applying a shell filled with
plasticene pressed against the damaged area.

The results of the mold inspection showed that in
general the wear grooves on the pipes consisted of
narrow (approximately 1 cm wide) circumferential
grooves on the pipe outer surface, 1/4 to 1/2 pipe cir-
cumference long with various depths up to through the
wall (leakers). Although there were only 2 leakers, it
was decided to repair 6 pipes, three 38 mm and two
50 mm pipes at outer support locations and one
19 mm pipe at both outer and inner support locations.

6) Weld Repair of Pipes

The repair method selected was to place one or two
sleeve segments over the wear grooves and fillet weld
the segment edges to the pipe (Figure i3). The number
of sleeves used depended on the length of the wear
grooves. Prior to welding, the pipes were plugged with
silicone balls to isolate them from the heavy water and
keep the weld area dry during welding. They were also
cleaned externally by remote wire brushing.

Three welding tools were used one for each size
pipe repaired (19, 38 and 50 mm diameter). All were
similar in basic concept and design. These tools with a
sleeve segment attached to them (Figure 14) were sup-
ported on the end of the manipulator assembly which
also located the tool initially over the pipe to be
repaired. The tool then clamps the segment on the
pipe. A second manipulator assembly was also used
during these operations with TV cameras mounted to
it to allow viewing of the welding head. Up to 7
cameras were used on the two manipulators. During
actual welding the segment is first tack welded to the
pipe and then the tongue which holds the sleeve seg-

ment is withdrawn so that the welding torch can move
along the periphery of the segment. The welding was
done using automatic control. A programmable micro-
processor unit was used to control the welding torch
movements and an Auto Arc weld programmer was
used to control weld currents. Post weld inspection
was done using a TV camera. It took about 2 days for
all operations required to weld a single sleeve seg-
ment and about 20 days to complete all the welding.

Removal of the silicone pipe plugs used during the
welding proved much more difficult than expected.
Cables were attached to the plugs to allow them to be
pulled out but they became detached from the plugs
during the removal process. Retrieval of the plugs was
a lengthy and difficult task. They had to be removed
manually by personnel located in the moderator room
where the radiation fields resulted in a total dose ex-
penditure of 16 Rem.

7) Installation of New Pipe Supports

The simple 'U' bolt support arrangement which was
considered satisfactory when the station was being
designed was of course no longer considered satisfac-
tory due to the fretting problem. New support assem-
blies were designed with clamps that had more con-
tact area with the pipes and which had more rigid
clamping action to prevent movement between the
pipes and clamps. Four assemblies were used, 2 for
the outer support and 2 for the inner support each
capable of clamping a group of 5 adjacent pipes.

Before installing the new pipe supports it was
necessary to use temporary spacers to relocate the
pipes which became free after the 'IT bolts were
removed. In addition measurements had to be taken of
the pipe elevations so that the new pipe supports
could be assembled correctly beforehand to ensure
proper fitting during installation.

a) Inner Supports
The inner support assemblies (Figure 15) were design-
ed with feet that rested on the reactor dump tanks.

The large size of the supports and installation equip-
ment required very careful manoeuvering over the ex-
isting 410 mm helium balance line in the vault. They
were carried into place on the end of a manipulator
assembly and, as with the welding, a second manipu-
lator was used with TV cameras attached to provide
the required viewing.

Once the supports were located over the correct ax-
ial pipe position by the manipulators, 11 air motors
were then used to complete the installation operation.
One was used to fit the support assembly in place over
the pipes and then each of the remaining ones were
used to turn the lower open faced clamps into position
under the pipes and then tighten the 10 clamp bolt
locking nuts. The nuts were torqued at a controlled
rate to prevent galling. As a final precaution against



loosening by vibration the nuts were tack welded to
the clamp bolts.

b) Outer Supports
The outer support assemblies (Figure 16) were design-
ed to be reattached to the original bracket that was an-
chored to the large 200 mm moderator inlet line as
there did not appear to be any other practical way of
resupporting the pipes at the outer location. However
a hinged connection was used between the supports
and the outer bracket to dampen vibrations and also a
restraining cable was attached to the 200 mm pipe and
tightened in an effort to reduce vibration. To facilitate
installation a special mounting base with studs was
welded to the original outer bracket. The new support
assembly was then installed and fived in place by
tightening nuts on the studs and then oy welding. The
lower pipe clamps were similar to the ones used in the
inner pipe support assembly and were also tightened
using 10 air motors.

8) Installation of Vault Liner Closure Plates

Before these could be installed, attachment of the
frame to the vault liner had to be completed. This was
unsuccessful earlier due to severe liner warpage. To
achieve this, special powerful clamps were designed
which were used to draw the liner closer to the frame
so all the remaining studs could be welded in place
and nuts tightened. The frame was then welded to the
vault liner using Tungsten Inert Gas (T.I.G.) welding
equipment (Figure 17). At this point the closure plates
could now be installed (Figure 18). These were first
clamped tightly to the frame using the many small
clamps built in around the periphery of the frame. The
closure plate was tack welded to the frame between
the clamps and then the clamps removed for the final
welding. Each of the two closure plates had a hole in it
to provide access for the 200 mm pipe restraining
cable. Two bellows were pre-welded to each of the
holes. These bellows had a closed end on them with a
fitting on the external side that attached to a hook on
the piping outer support bracket and a female thread-
ed fitting located inside for attaching the restraining
cable.

9) Installation of New Biological Shielding
Blocks and Restraining Cable

The concrete blocks of the biological shielding were
replaced by new ones that were designed with
passage ways to accommodate the 200 mm pipe re-
straining cables. A novel approach was used in recon-
necting the cooling lines to the biological shield.
Thesp had been cut at the beginning of the repair in
such a way that only short stubs were left. Welding
would have been difficult because of the restricted
working area and potential high radiation fields. The
problem was resolved by using cryogenic pipe coup-
lings. When removed from liquid nitrogen the couplinn

shrinks within one minute and as the temperature in-
creases it tightens over the two pipe ends to provide a
very positive joint.

The restraining cables used to suppress vibration of
the 200 mm pipe cables were passed through the
openings in the biological shielding and screwed into
the fittings that were attached to the hooks on the pip-
ing outer supports. The other end of the cables were
anchored to the concrete floor at the 180 m floor level.
Unfortunately testing at a later date, using various
cable tensions showed that the cables did not make a
significant contribution to reduction of vibration.
However the new pipe supports with their hinged con-
nection to the outer bracket, positive clamping action
and greater contact area with the piping were con-
sidered satisfactory for preventing future fretting
failures of the types experienced in the past.

REPAIR TIME AND DOSE EXPENDITURE

The estimated repair time was four to five months but
in fact took eight months because of additional in-
spections of the vault that were requested and also
because of unexpected problems that were encoun-
tered.

The total anticipated dose expenditure was 40 Rem
but the actual dose was 58 Rem which included 16
Rem for the removal of the silicone plugs used during
welding. Over the eight month repair period, the high-
est individual dose expenditure was 3.14 Rem and the
average individual expenditure was 1.22 Rem. These
compare with a limit of 3 Rem per quarter and 5 Rem
per year per individual as recommended by the interna-
tional commission on radiological protection.

RECOMMENDATIONS

Some of the approaches used during this repair that
are recommended for other jobs of this magnitude are:

1. Custom designed tooling such as required for
this job should be given a lengthy lead time for
development.

2. The tooling should be designed for the worst ex-
pected conditions and with a high degree of reli-
ability.

3. Tooling should be designed so that they are
readily retrievable when failures occur.

4. Procedures using the tooling should be
thoroughly practiced on a full scale mock-up
prior to the use in the actual repair environment.

5. A dedicated team of workers is required to per-
form a job of similar magnitude to the Douglas
Point piping repair.



CONCLUSIONS REFERENCES

The main objective, to repair all damaged piping,
replace supports as required and reduced system
vibration was achieved. A second objective to give the
station a further 20 year lifetime must stand the test of
time. A third was to carry out this work safely and with
as low a dose as possible. In this regard there were no
injuries on the job and considering the extent and
duration of the repair the radiation exposure was rela-
tively low and well within limits prescribed for normal
operation.

The successful way in which the operation was car-
ried out indicates that in the a-ea of remotely controll-
ed repair of nuclear generating stations virtually any-
thing is possible.

(1) L. Broad and W. McKee, "Remotely Controlled
Repairs in Douglas Point N.G.S." Proceeding of
2nd Annual Conference of the Canadian Nuclear
Society, June 1981.

(2) N.E. Pothier and L.V. Brisebois, "An Example of
Remote Maintenance in High Radiation Fields"
Proceeding of the 2nd Annual Conference of the
Canadian Nuclear Society, June 1981.

(3) L. Berlin, "Remotely Controlled Repair at
Douglas Point" Nuclear Engineering Interna-
tional, February 1981.



1 CALANDRIA
3 REACTOR SHIELDS
5 FUELLING MACHINE
7 BOOSTER AND ABSORBER RODS
8 PRIMARY HEAT TRANSPORT

REACTOR OUTLET HEADER
9 PRIMARY HEAT TRANSPORT

REACTOR INLET HEADER

12 PRIMARY HEAT TRANSPORT PUMPS
17 EMERGENCY WATER STORAGE TANK
18 SPRAY TANK PIPES
21 FUELLING MACHINE VAULT
23 AIR LOCK ENCLOSURE
26 THERMAL SHIELD COOLING DUCTS
28 PRESSURE WALL
29 DUMP TANK

30 BUILDING VENTILATION
31 FUELLING MACHINE ACCESS DOOR
32 DOUSING WATEH PASSAGES
33 DECONTAMINATION TANK
34 STEAM GENERATORS INSULATION
35 HELIUM STORAGE TANK
36 SHIELD TANK
37 ION CHAMBERS

FIGURE 1 REACTOR BUILDING AND EQUIPMENT ARRANGEMENT



REACTOR VAULT

DUMP TANK

V//////////////A '///.

BIOLOGICAL
SHIELD BLOCKS

180m LEVEL

Y/MWM
174m LEVEL

*

MODERATOR
ROOM

A INNER PIPE SUPPORT
B OUTER PIPE SUPPORT

FIGURE 2 REACTOR LAYOUT



ITEM
NO.

1E

IVY

2E

2W

3W

3W

4W

4W

6E

5W

6E
6W

7

e
9

PIPE
DIA.

INCHES

1 1/2

1 1/2

2

2

1 1/2

1 1/2

3/4

3/4

3

3

4
4

8

10

16

FUNCTION

D,0 COOLING TO
DUMP PORT BULBS
AND STIFFENERS

HELIUM PURGE

D2O COOLING TO
TRANSITION SECTION
BELOW DUMP PORT AND
ABOVE EXPANSION JOINT

020 COOLING TO
CALANDRIA STIFFENER
RINGS

D20 SPRAY COOLING
DUMP TANK AND
EXPANSION JOINT

D2O CALANDRIA
SPRAY COOLING

MODERATOR INLET

MODERATOR OUTLET

HELIUM BALANCE

10 OUTER BRACKET PIPE SUPPORTS
11 INNER BRACKET PIPE SUPPORTS
12 DUMP PORT STIFFENERS
13 DUMP PORT BULBS
14 THIRD CLAMP SUPPORT (PIPES 4E AND 4W)
15 LINER STIFFENERS
16 DUMP TANK
17 CALANDRIA SUPPORT RODS

LO i:.R LABYRINTH PIPING DOUGLAS POINT

FIGURE 3 PIPING ARRANGEMENT IN REACTOR VAULT



FIGURE 4 PHOTOGRAPH OF ACTUAL PIPING IN REACTOR SHOWING
OUTER SUPPORT AND 'U' BOLTS

10

FIGURE 5 SPRAY OF HEAVY WATER FROM
LEAKING PIPE (REMOTE TV)



r TYPICAL 0,0 O' '
' Mf LINE ' 4 1 C l * 0 0

(TOTAL OF TENI i Ht Ll

MODERATOR
ROOM

FIGURE 6 LAYOUT OF BASIC REPAIR FACILITIES AND EQUIPMENT

FIGURE 6A BASIC MANIPULATOR
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FIGURE 7 CRANE REMOVING SHIELDING BLOCKS
(MOCK-UP)

FIGURE 8 PREFABRICATED FRAME MOUNTED ON VAULT LINER
(MOCK-UP)
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FIGURE 9 STUD WELDING ON VAULT LINER
(MOCK-UP)

FIGURE 10 PLASMA ARC CUTTING OF VAULT LINER
(PROTOTYPE TESTING ON MOCK-UP)
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FIGURE 11 'U' BOLT REMOVAL AT OUTER BRACKET
(MOCK-UP)
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FIGURE 12 PIPE MOLDING EQUIPMENT

(MOCKUP)



FIGURE 13 PIPE SLEEVE SEGMENTS FOR WELD REPAIR ON PIPING
(BENCH TESTING)

(Left-Welded) (Right-Unwelded)

FIGURE 14 WELDING TOOL FOR PIPSNG SLEEVE SEGMENTS
(BENCH TESTING)
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FIGURE 15 INNER PIPE SUPPORTS AND INSTALLATION TOOLING
(MOCK-UP)

FIGURE 16 OUTER PIPE SUPPORTS AND INSTALLATION TOOLING
(BENCH TESTING)
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FIGURE 17 WELDING EQUIPMENT FOR VAULT LINER FRAME AND
CLOSURE PLATE (MOCK-UP)

FIGURE 18 INSTALLATION OF VAULT LINER CLOSURE PLATES
ON MOCK-UP

17



The International Standard Serial Number

ISSN 0067—0367

has been assigned to this series of reports.

To identify individual documents in the series
we have assigned an AECL—number.

Please refer to the AECL—number when
requesting additional copies of this document

from

Le numero de serie standard international

ISSN 0067—0367

a ete attribue a cette scrie de rapports.

Pour identifier les rapports individuels faisant panic
de cette stric nous Icur avons attribue un numero AECL-

Veuiilez faire mention du numero AECL- si vous
demandez d'autres exemplaires de ce rapport

au

Scientific Document Distribution Office
Atomic Energy of Canada Limited

Chalk River, Ontario, Canada
KOJ 1J0

Service de Distribution dcs Documents Officiels
L*£nergie Atoraique du Canada, limitee

Chalk River, Ontario, Canada
KOJ 1J0

Price $2.00 per copy Prix $2.00 par exemplaire


