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Installing replacement fuel channels -in W D U  reactors as part of 
a large scale fuel channel replacement program (*retub.t.agm) 
involves the use of a large number and variety of highly 
specialized tools. During the re-tubing of the Pickering 
reactor's, the tooling proved to be a key factor in outage tine, 
dose consumption and the final quality of the installed channels. 

As the Pickering A units were successively retubed, the tools 
underwent continuous development and refinenent. Today, many oÂ 
these tools fora the basis of a new generation of tools currently 
being developed for retubing the Brace A reactors. 

1. GENERAL 

The actual work performed at the reactor face to retube a CANDU 
reactor is divided into two main phases, namely, the conplete 
reaoval of all fuel channels in the vessel and the installation 
of new channels. This paper is concerned only with tooling used 
during the installation phase. 

Installation of the new channels is carried out by personnel 
working in large elevating shield cabinets, one of which is 
located at each end of the reactor (see Figure 1). Each aabine 
is equipped with a retube tool carrier (KTC) used for craning 
tools and components. Two work tables are provided in each 
cabinet for tool support and alignment. 

2. FUEL CHANNEL INSTALLATION SEQUENCE 

The basic sequence for installing replacement fuel channels is to 
complete the installation on one row before moving onto the next. 
As each channel is removed, a temporary shield plug and an 
extension sleeve are inserted into the lattice tube of the eapty 
site. The extension sleeve allows tools to be transported 
between the shield cabinet and the lattice site and provides 
support for the loose feeders. 



The main installation steeps for each fuel channel of each row are 
as follows: 

Clean the lattice tube and remove any debris from the 
calandria tube; 

Visually inspect the lattice site (including the calandria 
tube) ; 

Install the replacement pressure tube as a aubasaenbly (Each 
subassembly includes the replacement west end fitting and 
the garter springs) ; 

Position the garter springs at the correct locations on the 
pressure tube and confirm the location of the springs; 

Weld the west end fitting to the existing stop collar; 

Install the replacement east end fitting; 

Roll the east joint; and 

Weld the east end fitting to the existing bellows. 

CLEANING AND REFURBISHING 

The main cleaning operation involves brushing and vacuuming the 
bore of each lattice tube. This is accomplished using a combined 
vacuum and brushing tool Which is cant$levered from a carriage 
mounted en a work table, as shown in Figure 2. The carriage is 
used to insert and extract the tool from the lattice tube at each 
lattice site-. 

The tool incorporates a rotating brush head with suction ports 
which vacuum debris and dust as the lattice site is brushed. The 
brush head, designed specifically for the cleaning tool, is 
comprised of a set of nylon bristles tipped with 1/2 inch 
diameter carbide balls. As the brush is rotated, the abrasive 
carbide tips remove surface debris from the lattice tube and the 
bearing surfaces while leaving a honed finish equal to or better 
than the original surface finish. 

Refurbishment of the lattice site is limited to a manual 
deburring of the leading edge of the stop collar and bellows. 
The burrs are a result of removal operations and could prevent 
full insertion of a new end fitting. The tools used are simple 
hand tools equipped with hard tipped cutters that scrape the 
burrs away during manual rotation of the tools. Burr removal is 
confirmed by the use of plug gauge tools which are inserted into 
each bellows and stop collar. 



4 .  TKSPECTION AND MEASURING 

Three visual inspections carried out during retubing. ~ h e s ~  
are: forward viewing down the length of each lattice tube and 
calandria tube; right angle viewing of the calandria tube insert 
and Inboard bearing sleeve; and right angle viewing in the region 
of the new pressure tuba rolled joint. 

Visual inspection is carried out using closed circuit television 
(CCTV) cameras mounted in special housings. Unlike the Pickering 
video inspection tools, which were entirely custom built, each 
Bruce tool is of a completely new design which incorporates a 
prepackaged nuclear camera system that can be controlled from 
outside the shield cabinet. The camera systems used in these 
tools are built by the supplier specifically for the rigorous 
environment of nuclear maintenance. The cameras are housed in . 
rugged casings and are supplied with integral lights, lenses, 
right angle prismsf cables, etc. The control units are not 
dedicated to specific cameras. This allows several cameras to be 
controlled by one control unit while eliminating the nftcessity of 
readjusting the equipment when alternating from one camera to 
another. The control unit, along with a CCTV monitor, is mounted 
on a rail in the shield cabinet* 

Oftce the cleaning of the lattice tube has been completed, visual 
inspections of the Lattice tube and calandria tube bores are 
carried out using the forward viewing tool. The forward viewing 
tool has been designed to travel down the lattice tube as far as 
the cab-a tube insert, allowing personnel to view down the 
length of a lattice tube and calandria tube in a r c h  of loose 
debris. 

The forward viewing tool is initially @upported in a housing 
which is attached to a rail inside the shield cabinet, as shown 
in figure 3. The design of the housing attachnent allows the 
tool to be mved horizontally along the rail to any fuel channel 
site. 

The forward viewing tool operation involves aligning Che housing 
with an open sit* and connecting it to B lattice tube extension 
sleeve already installed in the ajar bore of the lattice tube. 
A trolley containing the camera is driven out of the housing and 
down the lattice site. The camera, equipped with remote focus 
-and zoom control, oan detect objects as small as 1/8 inch 
diameter from a distance of 20 feet. 

Among the design requirements for installation tooling is the 
necessity that each tool he capable of coping with a calandria 
tube esg of up to 2 inches. the. forward viewing tool satisfies 
this x-ttquirement by incorporating a powered tilt mechanism which 



allows the camera to view the  sagged bottom of a calandria tube. 

W i - V h  t,bÃ§,exctfptio of a right Mgle viewing head, t h e  right angle  
vi&#ing t o o l s  use the same videocoroponen-ts ifs the ii&%+&rd 
viewing Â¥tool Areas that cannot be viewed with the forward. 
viewing tool, those i n  the v ic in i ty  cif the calandria tube insert 
and the inboard lattice tube 'bearing, are inapect&d @ng ths 
firstof two right angle viewing tools. During t h i s  inspection, 
the t o o l  is reqttir'ed. to first detact and then rstrieve loose 
debris.  A vacuum nozzle on the inboardend of the t oo l  is used 
to capture any v i s i b l e  debris ,  and is capable of zetric~ing 
particles as large as a 1 inch length of broken gal-tea- spring. A 
schematic of the arrangement is shown i n  Figure 4. 

The second right angle viewing tool is usedto inspect the 
condition of the e& presnura t,& r u l l e d j o i n t o f  the newly 
inswied fqel channel. Hie purposft of the. inspect ion is to 
search for possible damage i n  the rolled joint region and to 
confirm that  #e joint has been formed in the correct ax ia l  
location. This tool. uses the same major components as t h e  tool 
used f o r  right angled viewing of the lattice tube bore. 

Bach right angle viewing too l  is aouofced on a work table trough 
and is advanced i n t o  a lattice site-ufiinq the powered a x i a l  d r ive  
of the trough. Wen used for viewing the rolled. joint, the  outer 
sleeve . . of the -1 usÃ§ for viewing the lattice tube bore is' 
removed fa%d y.  aced . . , ~ .  w i t h  , .. a smaller . . ,  . diameter . .. . sleeve which allows we tool fee fi inside theend fitting. 

5.  FUEL OBU1SEL INSTALLATION TOOLIMG 

Fuel channel i n s t a l l a t i o n  feeling, which comprises the majority 
of the tooling, is used to insert, support, a l ign  and clasp 
replacement f u e l  channel components (pressure tubes, garter 
springs and enU fittings) during installation of the components 
at each lattice site. Also  included In fue l  channel i n s t a l l a t i o n  
too l ing  is the detection equipment necessary for cortfiming t h e  
locations of the garter springs. 

& prefabricated eutoasseably is prepared w h i c h  includes the 
replacement pressure tube and t h e  west end fitting. The 
subaass~@ly l a  inser ted f r o m  the vest. end of the reactor using a 
special fixture attached to Â¥th RTC. The fixture, which is 
essentially a structural ateel beam, is bolted to the RTC with 
the subassembly underslung from the bean by means of a carriage 
and r o l l e r  support system. 



5 . 2  Garter Serinci I n s t a l l a t i o n  

To pa&o-ct t h e  pressure tube during inratallation, a nylon tube is 
placed over the f u l l  length of the pressure tube. Attached to  
t h e  pressure tube protect ive sleeve, a t  the end f i t t i n g  end, is a 
aiagazine device kontaining the  four new gar te r  springs. As the 
s leeve  is pulled of f  of t h e  pressure  tube from the  east end, 
a f t e r  the subasaambly has been inserted i n t o  the f u e l  channel, 
each garter spring is .  automatically ejected from the- magazine at 
t h e  appropriate ax ia l  locat ion along the  pressure tube. 

The tool ing t h a t  p u l l s  the sleeve of f :o f  the pressure tube also 
includes the  detection equipment used t o  confirm and 'ecord t@ 
posi t ion of each g a r t e r  spring. As each. spring is deposited on 
t h e  pressure tube, t h e  detection system confirms the  cor rec t  
l o c a t i o n o f  t h e  spring before the  next spring is ejected froa the 
magazine. Schematic urranqenientgi of t h i s  tooling are shown i n  
Figures 5 and 6 .  

Once the subaeseably and ga r t e r  sprLngs have been installed, the 
replacement end f i t t i n g  can be ins t a l l ed  a t  the east end of the 
reactor. An installation mandrel, which extends. the. ful l  length 
of t h e  replacement end f i t t i n g ,  is inserted into the bore of the 
ehd f i t t i hg .  Once t he  end f i t t i n g  is mounted on the mandrel, the 
end f i t t i n g  and the manc+tel are transpdrted to the reactor face 
using the ETC. A t  the reactor face,,  the end f i t t i n g  mandrel 
assembly is attached to  a c a r r i a g e  counted on the  work table. 
When attached t o  -e:carrQge, the  ins$all&tion m a n d r e l  provides 
a canti levered support for the end f i t t i n g .  The carriage 
provides axial notion to advance the  end fitting into the latkice 
site. 

Close. t o  the rolled jo in t  region of the end f i t t i n g ,  a -set of 
electronic measuring probes is mounted in the mandrel. These 
probes are used immediately p r io r  to the  pressure, tube entering 
the end f i t t i n g  bare t o  measure any angular misalignment between 
the end f i t t i n g  bore an" the leading end of the pressure tube. A 
schematic arrangedent is shown i n  Figure 7 .  It i s p a r t i c u l a r l y  
important t h a i  the angular misalignment between the two 
coinponent~ be m i n i m i s e d .  Hisalignpent of these components can 
m e  insertion of t h e  pressure tube i n t o t h e  end f i t t i n g  bore 
d i f f i c u l t  and, can. lead to higher residual. stresses in t h e  
f inished roUed joint.. In the  event that the misalignment is 
outside the. p.eraissiblft tolerance, a snail straightening t o o l  is. 
inserted i n t o  {.he pressure tube fron the opposite ( w e s t )  end of 
t h e  reactor. The straightening t o o l  i s  actuated u n t i l  an 
acceptable alignment is achieved, a t  which point tha pressure. 
tube can be fully inserted i n t o  the end f i t t i n g  bore. The 
s t ra ightening tool remains actuated i n  the pressure tube u n t i l  
the r o l l e d  j o i n t  has been made. 



6 .  SOILED JOIHT TOOLING 

Rolling of we east pressure tube jo in ts  for the &mice retube 
inyt$lvw .sever&l s ign i f i can t  changes to both the geometry of the 
jo in t  and the tooling required to r o l l  the jo int .  The reasons 
for the changes are two fold. t h e  first oE the$& As the 
t o  reduce the t i m e  requhed t o  ,Ins'taU- fuel  channate. The  second 
is t o  increase t he  support provided to the inlet fueJ. bundle by 
the pressure. tube. Each of these  is briefly discussed below. 

R a t h e r  mat installing a liner assembly in a n  end S i t t i n g  at the 
reactor fÃ§c after rolling of the  pressure, tuba, by installing a. 
l i n e r  assembly i n  each east a d  f i t t i n g  oft of the reactor fad 
prior -to pressure tube rolling, both the time and dose required 
to install a fuel channel can be reduced. However, unt,il n&, 
i n s t a l l a t i o n o f  the liner assemblies i n  end 'fittings priox to . 
roUing o f  the. pressure tube has net been carried' out at. Bruce. 
This is due to the fact that, fqr the geoaetry of the rolled 
.mg10n of B r a c e  fuel channels., during t h e  i n i t i a l  phase at 
rolling, the r o l l e r s  will roll t h e  l ine r  assembly p r i o r t o  
r o l l i n g  the pressure 'tube. To prevent r o l l i n g  of the installed. 
liner assembly, the geometry of the rolled joint and liner 
assembly has been aodified- By shifting tfae axial pes i t ion  of 
t he  j o i n t  inboard by approximately: one half inch, and. lengthe#ng 
the end of we liner a.sserably by the ean6 amount, Â¥th litboard end 
of the l i n t &  aSseldbly can be&+pptid go allow the r o l l e r s  t o  pass 
without interference,  as shown Â± Figure 6. The step does not 
affect the support provided to a fuel bundle toy the liner. 

i n  a conventional rolled joint, the wall thickness i n  a region at 
the end of a pressure tube isreduced by rolling. This results 
in the rolled region of the pressure tube:being of a larger bore 
than the remainder of the tube. Histor ical ly ,  t h e  enlarged bore 
of the rolled region of the inlet and at each presswe tube, has 
provided poor support, for the outermost f u e l  bundle at. the in let  
end of the f u e l  ch&imel. fat- the Brace .m%kube, o n  the inlet end 
only, joint will be rplled. i n  such a way as to e3in~inate  the: 
enlarged bore. T h p ,  after rolling, the rolled region of the. 
pressure tube w i l l  be of the sane:diameter, that is,  flush w i t h  
the unrolled portion oÂ the tube, at$ shown i n  Figure 9.. the 
result of this is that, W i t h  the enlarged bore eliminated, the 
flush rolled joint improves the support provided by the i n l e t  
joint t o  t h e  i n l e t  fue l  bundle. 

%&ing used to make the flush rolled j o i n t  is similar tothat 
used for t h e  conventional joints.  However, the flush rolled 
jo in t  is s l i g h t l y  longer than the conventional joint and 
co f l y  the rollers i n  the rolling tool are longer. w, &EZZq of ~e s e l l i n g  teal ctianetee : a m  axe axis wsi&im 
of the joint are different fron c~nvantAon&l joints. Since the 
flush ro l l ed  j o i n t  la Ã ‘ d  only ,on every ether fuel channel 
( i n l e t  ends only),  a l te rna t ing  . ~ w i t h  conv&ntional join-, the 



rolling tools will be colour coded to ensure that the correct 
tooling is inserted into each channel. 

I xnstalling, repla6ignent fuel channels in , e D U  reactors as part, of 
I a large; scale fuel channel replayWaent program requires many 

specialized tools. While the tools developed during Â¥th retubing 
of Pieker'ng t'om a basis for the tools to be used during the 
retubing of Bruee, the tools continue .to :evelVe as part of the  
effort to i.mprove the quality of the replacement fuel channels 
ana reduce the tine required to perform the retube. The number 
'of tools newly developed for 'use at Bruce represents a 

I significant, contribution to that effort. 

Funding for tooling development has beenprovided by Ontario 
Hydro as part ofthe Bruce-A large scale fuel channel replacement 
program. 
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Figure 6 
Pmadva Sl- Removal and Garter Spring Detection 



Figurn 7 
Pressure Tube Alignment 






