
ABSTRACT 

'This  p&pm attempts t o  a i v e  ireaders an ovsmisu '  of the MaiAous s y s t s i i s -  
inva lved  i n  the e u ~ ~ s f a r l . -  hpliaentat ion at a CJWRO ~eactipr ~et.nl&~ng pcearam. 
The i n t e n t  o f  the paper Is fee stress the importance of adopting a systems 
appro+-ch t o  minimif workers' dose and outage diiration.  he v iws  presented 
a r e  baaed on author's prer~tinal site eXpenen&e dur in  tBa eel;uBlng of four  

tf CAMBU rÃ§aetor ~t 6ntÃ‡rÂ Kydro'a Picksrin,g "A" ste on. The pa- d e a l t  wi th  
systems and site engineering ~ p e g t s  of  re.tu.k work pertai.ning W l y  to the 
fue l  c$annel -a1 and i n s t a l l a t i o n  phases of t h e  outage. 

R d u h i n g  of a CANDU Yeactor i s  a c6mplex:ahd iifflnenss undertaking r equ i r ing  t h e  
combined resourcesand concerted efforts of the, owner yt&Uty, -the reactor 
designers, engineer ing  *s+tantx!, and numeray component:, t o o l ,  and 
etpiipuwfit manufacturer*. 

Reconci l ia t ion  of the ptwiaet ion and q u a l i t y  related pro- ob jec t ives  
necessitates in tÃ§na iv  and ccniorehenslve t r a i n i n a  progrms f a r  d l  retube 
,&k&, T&, ,&- &it-<the @+&&=*en ~ind &ality dr iven  : & ~ 6 e a  
counted wiÂ± the: radioactive work e n v w t  c.onsteaints asks the c r e a t i o n  of  

~oricer sa-fetv in-  ratube.. both rad io loo ica l  uid conventional,  i s  of parawaunt 
iaport+w. Ldiolc+ci l  Ixicidonti can eaucÃ m j o r  delays i n  the p e r a s ,  
adverse ly  a f fec t  worker cenfidenoe, and have ~ e r i o u s  ramifioat ionx for q u a l i t y  



She e'QtttBlete life cycle of a retuba program spine 6-3 year*. Typically., the 
pr~-outage @WE rÃ§guk 4-5 years and the oattge and post-outage Â¥etivita.e 
another 2-2 yeÃ§rs Ontario Hydro began work on the system definition p h u a  of 
:*e pUmned outages on the d r a t  two units o f  its Bruce "A" 8-tioh .in 
1989. The first ratubi oattge at Brooa "A" i b  scheduled 66 start in.19'94 and 
is to take 2-3 ~ Ã ˆ Ã ˆ  to ccutplete. efe iB-?ervic(a, date- far the first 
~ W Q ~ A -  uhi- w& skp- 1977- Xu othw wzxh, elin xwtuh. 

e y e  for m a t  "A" units I and 2 began 12 -8 a f t e r  the in-tarvice date and he 
=tube outage ie .scheduled to start 17 years &Isor the i n - s e r v i c e  data. 



Eiekttring "A* unita 1 aid 3 wece shirttiown for retube a t  about the aasac tiae. 
Both units had ÃˆircÃˆloy preÃ§sur tubM that had become su~peet  Wet= the 
unit  2 - &IS renaura tuba Â£J.ilux~ Ic i t i t l ly ,  it W*B f e l t  titat both units 
could be re tnbed in f r a l l e l .  Ho-. during e u l y  st-* trf thÃ f w d  c a m f l  
ranoval phase, eapac a l l y  after the discovery of tb4 carbon-H problem, a 
dauiaion was nade to continue retobins one u n i t  a t  m tine. 

Today, first tnrÃ§ f t u b e d  unita of Pictairtag "A' are running st full aoMf 
and unit 4 ratube fuel channel inatAUition h u e  i n  proqraaiinq extremely P mil tenÃ‘cd its A0$ust21 ,  3,932tiirgot e t i o n  data. The  outage i n  m a 1  
a k a  ahead of its originil schedul* and is expected to be *let& just 
mac Ã year  sfter the uni t  was shut down for its retubÃ outage un twgust 14, 
l?*i. 

US-TUBE SYSTEMS ADD SITE ENGISEERING 

The three phases of a  CAKm reactor retube program and the najer tasks 
involved i n  e&ch phase are depicted in figure 2 .  

P-ufoe Phase Svmtems Engineering 

Â£yÃ§rtT Bnginwr* in cobiultation with designers preptre Series Logic -grains 
(8&C1s) for ~ c h  out*gÃ phase. SLO'a break reactor face vork into g r o w  of 
ÃˆetivitiÃ t h e  81% callmd fa- of #W series. A fsem #*rim of  a c t i v i t i e s  
involve work bfing aur iad  out at d l  fue l  channel eitns bafore atartinq tba 
nert serif of a r t i v i t i e * .  A row swim invoiuu8 group of work activil-ifts 
tÃˆrfawm Â¥cros row of fuel ch*snel# befor* proceeding Kith tin naact r$mup 
of act iv i t iae  on that  row. Most fual chBlurl m a ~ ~ v a l  phu* M0Ã̂ involves face 
8 6 -  ÃˆetivitieÃ Although the face aeries work itrataqiÃ§  re g e d y  nora 
efficient froa m production viewpoint, t h  oars rtringht q u a l i t y  e a e L  
requirements of the fual ehamrl installation pbme dictate the idoption of a 
EON s x r i u  baszd mcanÃ‡rio 



There ara tMO principal groups iaimived with the aite vork during the retnbe 
outage8 Ratabe Construction and Rfitnba RabablU-tatton. Construction group 
-iw out UIEWA~ all mnk pr tak&g  b -L &amel ram?& tin& 
installation phanea of the outaga. Ttry prsota-B dfttailed trea-lt plans for al l  
work uciÃ§ ÃˆctivitiÃ§ ineluding hazard Ã̂naly f o r  &Â¥ 8hmu.l removail. 
phase high hazard work. they manage Â¥ aspect? of site ratube work inclutiing 
aafaty, @ty, production. -t, nod Â¥ehedullng 

Retuha Rehabilitation -R staffed fay utility's nuclear ecerationt- personnel 

a- ~smwma- 'mea. lq  a d  ~ ~ t ,  ~~~, ~eectnr cot*" and 
I n f o m r t h n  MatULge~ent Â¥r facing the ~ajor qctega rÃˆquÂ±r a rÃ‡tub 
outage* &kcb of m Z M  oever*! ~ubswm a Becondtry 
system*. A BetnbÃ myatema i s  dapicrted in Figure 3. 

Â ¥ o b s y t ~ ~  Look o f  c u e f u l  irrterfica definition-and control can l a d  t o  
i ir f f ic ianch~,  and ultiaately to difficultha in Â¥chiwin Ur w d  r*Cobe 



Design engineering and auppiy departments stationed at Ontario Hydro's head 
o f f i c e  hav* d i r e c t  o r  project aanaqement responsibi l i ty  fo r  systera and process 
def in i t ion ,  equipaant and component design and procuroant ,  and o v Ã § r d  
prograli coordination. A signif icant  portion of the design and procursmant work 
is undertaken by consultants such a s  iuce& CAKDU and SE-Canada under cont rac t  
t o  Ontario Hydro. cnnst-ruction engineering a t  site is reap!maibLe for tool and 
equipnnnt t a t t i n g  and integration, reactor component preparation and qual i ty  
control,  work planning and scheduling, and coat nunitoring. constructfan 
trades carry out majority of the reactor face work with qual i ty  control  
support from site engineering. 

Toolinq and Euui~ment S~atam 

~ o o l i n g  xnd equipment system comprise* thewands of individual too ls  and 

1Ã equipmeat required fo r  retlibing Work. Vast majority of tooling required f o r  
t h e  retube proarm a r e  designed, (usually protntyped), pmuured, tasted, and 
shipped t o  s i t e .  

Upon delivery to s i t e ,  tools (.re entered i n  the compdteriied Tool Monitoring 
- System t h m t  Keeps track of tool quantit ies,  stÃˆtnx mid loctr t ion~.  Then arc 

t r a in ing  and production quanti'biea of *11 tools.  As a matter of policy, 
training tools are always nade ident ical  with t h a  production tools. 
This prevents breachen of safety and quality t h a t  m y  result from t ra in ing  
tools becoming production sparer  in the rare instances where chronic t oo l  
break downs r e s u l t  in unavailabil i ty of production tool* to eontinqa reaator 
face work uninterrupted. Itorma1 , t rÃ§in is  toola ~ r Ã  kept in the t r a in ing  ut4  
mock up building md away from B radioactive work area where production 
tools are Sit usa. 

s 
Uny n w  d s  a n  duigra&I and bui l t ,  and m y  ~ ~ t i n g  toe& u e  modified a t  
site t o  keep pee with the  rigours, demands, occasional s u r p r i s e s ,  and naver- 
ending challenges of the retube work anvlromitent. 

I 
retube f a c i l i t i e s  fo r  vuehousinq; mqui$imnt repair  and maintenance; t o o l  
s t ~ a i n q ,  storage, m d  dacontamination: i r radiated component handling; and 
newr&ctor c & m e n t s  preparation. Training and aoekup bui ld ing* ,of f ioÃ§ 
for re-tube support staff, and a d d i t i o d  cbwemems for ratutw workers Â¥r 
among other essatoti*! f a c i l i t i e s  t ha t  must be built- and conmiinsioned. 

I r rad ia ted  Components Minagaiicnt System (I=) f a c i l i t y  is used for  
trÃ§nÃ f̂erri highly rÃ§dioÃˆcrti reactor co~ponents auch as pressure tubes f r o a  
in-s ta t ion flasks D r y  Stora e Modules (6~~3) that Ã§r ueed for interim 1 s torage  of high lavel radioact ve wastes a t  fits. 

Twdning ef uarlter8 on r8mnr fico aa t iv i t iea ,  and twl w i n g  and T i nbgra t&en  tax* p l m e  on t b  f U  ac&Le -tor m~ktqm %I the 'Ee&ning m d  
~ock-up sui lding (TUB) f ac i l i t y .  



All docuraentition l i l t  etectronlc data used during the rwtubw outage constitute 
the re-tuba intontatlcn man~gemen-t systÃ§m Efficient operition of retube 
awtenui would net be oosBible uitbout the presence of a c e s m h t a r v  

systems slang w i t h  an electronic mil tyatca is ui wsenti&l ingredient of a 
successful rotube nrogram. A brief deaoription of some major cetobÃ 
information ffl~trqcnent Byterns is given b d w z  

Dally Mark Log (DkÃ provides tbÃ ector face crew with afÃ§cllit foe 
reporting sigtiticÃ§a events occurrences related to -*sty, quality, 
prodaction, tooling, in4 eqnipinant. 



  he complete Life cycle of a Retube program spa- 6-8 years. The p - o u t a  
phase a c t i v i t i e e  require 4-5 years  and tha outage and ptist-outagh a c t i v i a  
another 2-3 p a r a .  

During the pre-autagÃ phase, Byateas eflginee~a d&Cina the retubing pccea* 
and iden t i fy  a l l  Â¥ctiv$tie involved i n  unit pmpwxition, ftiiel channal 
removal, a d  fue l  channel ins ta l la t ion .  i t  is ~ ~ a q t i a l  that a taw of BY- 
i ~ x q i n e ,  -1 and a q t t i m n t  k i g n e s s ,  W - S G ~  wgimsrs, and siee - I review, scru t in i te ,  and val idate  the propose retUbing process. AUeptiOB o( a 
syataaa approach par t icu lar ly  during the ere-autage phase is crucial .  
xnvestnant-s in pre-engineering aetivitias par handsome dividends thrpugh 
s ign i f i can t  reductions in total outage duration and worker dose. Competent 
systems angineering can lead t o  a  more sac t i ca l  and realistic retubing tysts 

chunk* of uark ac t iv i t i e s .  
! by breaking down complicated procoset n-to simpler and eanier to aanage 

Srodwtiun and qual i ty  re la tÃ§ program objsctiwm can only be realized throu$h 
ln tc i r ive  and comprehensiv t ra in ing  programs f a r  e l l  ratube workers sad 
continuoun qual i ty  hpovBBient initiatives. The UM of thÃ wcrk series t- 
concept providBd dxtrenrly Â¥ncourÃ‡rgi r e su l t s  during t h e  M Betuba outage. 
Xha wark ee~ies  tea^ prwided an -Lkr& p m  for s a ~ g  itleu f o r  
proof and tooling iarprovaientÃ by bringing together kite engineera, 
tezhaicianm, and trades p*raoonel. There la ovcrvhelitLng evidence that the u s e  
of track f s r i x i i  t a w  signif icant ly  contributad to the reductions in outage 
duration and dose during R4 Rntube. 

'Hiving a well t r d n e d ,  quftUfied, Ã̂n expirienced organization, ahle to 
Opordta la a. *prBictiw CTlthBr thin "reactive" mDde it c r i t i c a l  to 6ucCeaafol 
execution of retube cite work. It Is just as cruc ia l  toannure that the retube 
aitÃ organization his the tools, faeil i t lea,  trtlnina Broqr-3 andthe 
cornpatent engineering support needed to realize it> {i~xqraa gaals aad 
objectives. ' 

OoÃˆUt- problem that  usually r e su l t  from lack of adoquato t n i n i n g  or 
deficieneiw in pros- def ini t ion ar ambiguities in quality re la ted  
-ta end g u i d a l i m  cmn l& t* t l h b % x b u l  eo~fi&~%& and 1- ms#e 
aoo- #tube workers. Any breÃ§ downs in quality can hÃ§v serious implic~tiuna 
on radiological and conventional safety and productivity. 

Success wsawt Â¥ox than just a rctubed retctor, it sÃ‡nam,t* Â¥nthua-iaan 
dedication, &nd A strong f*a Â¥piri Ã‘o u01ken. A well mna@ and systems 
oriented r t u h  orqinization can provide 8 he Ã§~v i rona>~n essential fax' retube 
wcrkmra t o  realiz* t h e i r  inherent deÃ§ir t o  be p u t  of a winning widaaroour. 
Retube iÃ tbe major Plant Ufa extension (PLBX) h m e  for  CWOU Hurtear Power 
Plants.  A uwU - u t d  program can mean a  reactor capable at producing 
pe~ez mU&Ly throughwt its p ~ s t - r e t ~ ~  &sign U e .  

Moist of t h e  systems views discussed in t h i s  paper emerged trom Ontau-io Hydro's 
CAMDU reictor retubing pro run*, and the author's close ÃˆÃˆsoci.Ãˆtionw these 
programs. The author would like to &cknovledqe this and thank Ontario Hydro 
for h i s  involvement i n  their retube progrhb. 
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