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ABSTRACT 

Increasing attention both internationally and within Ontario 
Hydro i s  being focused on the need to  better understand and 
manage the effects of aging on the materials and components i n  
nuclear generating stations. The overdl objective i s  t o  ensure 
that nuclear generat-ing stations meet their long-t e m  production 
targets a t  an acceptable cast and  with acceptably lowrisks t o  
the public and the environment. T h i s  pansf presents a general 
model for aging nanagemeat which provides a logical  h a i d  for the 
many pro'gr- &ad activities- undertaken by a u t i l i t y  t o  achieve 
this objective. 

1. INTRODUCTION 

The first geaeration of commercial nuclear power plants is 
reaching the halfway point in its +sign life. In Ontario 
Hydro's Demand/Supply Plan, a high priority is assigned to 
maintaining the effectiveness of Ontario Hydro's nuclear power 
plants over their remaining economic Ufe. We need to better 
understand and manage the effects of agLng on the materials and 
conipbttents in these facilities. The overall objective is- to 
ensure that Ontario Hydro nuclear generatin stations meet their ! long-term pr&uctioa targets at an acceptat) e cast and with 
acceptably l o w  risks to ttte public and the envirotunent. 

Within utilities, including Ontario Ifydro, many activities and 
programs have &en or are being developed whiqh address various 
aspects of coripa.nent agi*. To provide a structure for these 
programs and show that they form ah integrated approach, a 
general model fo r  aging management hasbeen developed,. The model 
includes a silaplified repr.eaenta.tion of the aging degradation 
process and the functions required to manage this pro-s. 
Exanple~ o,f speci~fiq activities or programs which perform these 
functions @re also described. 



2.1 Overview 

a. the erosion or reduction of safety nargina afforded by 
datenee lin depth; 

d. inereas-& operation and maintenance costs leading to 
uaaeonoroic 0 i ~ s a t A o ' n .  



b. tirne-based - for critical components, thesystem functional 
performance may be maintained by canaervatikly repairing or 
replacing cmqmnents after a apecifi&d period of time. The - . time interval may be based on calender time since ., , 

I -: . installation, Operating time or operating cycles; or 
I 

-? '7: 
c. coit'dition-bas6d - for critical components, the status of a . .  . , , ~ .  ~~ , 

cmponent is .x+mitored and repair er replacement. decisions .. '̂ If ;,'1 

are taken based en the condition-of the component. 

The repair or repLacement of critical, cmponenta. at some 
specified po.int before the end of their design life is a 
relatively simple approach. However, it can be inefficient 
leading to more frequent repairs or replacements than necessary 

l 
or impractiaal in the 'case of components &sign@ for the life of 
the plant. This aaproach can also be ineffective if the rate of -. 

aging degradation :is faster than anticipated . .our widerstanding: - . >+?:, 
'Â :'-,!' of agLng degradation and the complex interactions between in- , ~- - 

service stresses is, in some cases, limit&. Consequently, the 
trend is t&yards the periodic monitoring of the condition or 
functional perfomnee of critical components 59 that corrective 
action may be: taken prior to component failure. 

2.3 Aging Management Functions 

TO maintain continued safe and reLiable operation, aging 
degradation needs to be effectively mariafifed. Iffternat~onally, 
several programs: have Keen proposed or developed to addrfess aging 
(1,2,3). Based onthese prograta and an understanding of the 
aging degradation process, top-down structured analysisi was used 
to develop a consistent s&t of functions that are necessary to 
manage the aging degradation process and to define the int&faces 
between than ( 4  1 . 
This analytical prosess begins with a top-level view of the 
interactions between an aging twiagment m a i m  and the external 
environment. This estableisfaes the context and constrain.ts within 
which aging is managed. In general, aging is managed in the 
context of sa existing licensed in-service plant. The 
established design basis, safety and reliability analyses, 
quality assurance progratts and operating and maintenance 
procedures +uurean acceptable level of safety at the beginning 
of phnt operation. Vhw the aging nwfmement mael depic'c's 
thesis functions n&&Aaary to address the effeces Wiftg m@y have , ' 

. , 
on this level of Safety. . . . . 

The aging management model wolves from this cootftxt in a a-iea 
::of data Cly diagrams which include functions and', interfaces 
'bet%- functions or theexternal environment. The tap-leeel' 



data flow diagram AS i l lus t ra ted  i n  Figure 1 md iiieludles'the 
Â £ & l l o Ã § i  basic aging nwnagfment functions: 

Assure Cisasponent Qualification - ensure s a f e t y ~ r e l a t e d  
coin&arieats,are- able t o  perfuit~ their intended functions, 

iÂ snibjected to. harsh envirom~asntal conditions 
r-ultinQ Exam d*sign~basis events., over the nou&ial p i fe  af 
the component : 

V e r i f y  Sa~fe6y w d  Ria* - verify that t fae rj-sfc t o  th.e public 
continues t o  remain within acceptable limit5 aver the life 
o f  the plant ( tha t  i s  A t  m e e t s .  Ontario ~y^tro dsk-bas& 
safety goals and plant 1ieenaiiEg basis); 

M-W R e f e r e n c e  Configuratian - manage the reisersnce 
eoaf,igiiration consisting of the design and operating and 
maintenance programs over the  l i f e  of the plant toy 
i&titiityihg . ~ t h e  configuration and by controllin& changes. t o  
it: 
Uaderstand Aying - review system design, fabrication, 

Detect Agisg - f o r  -safety-ralated a.QHTp.Onent-s, inspect and 
monitor koiqwneilt sfeatua t o  detect :aging degi-attetlon to 
ensure that functional capability o f t h e  ~.cttapoiaez~t exceeds 
the iBiniBuia required ever the aomina.1 l i f e  .of the ccitnpoa9eat; 
and 

Mitigate wing - where agidg iBeeKcCBAaaaS :are detracted' which 
were urmntici'patea or  wKo& rate is  unaeeepfeable, insgigate 
ne&ur&s t o  a i t i a a t e  the effects of. aging, such as changes- 
i n  qwsation,  rehabilikation or resliaeeBiaat, to ensure t h ~ t  
ov&E-all plwt safety is rnaiqtaifi$et. 

Laws-level data flow diagrams may be AeveAepea, as required, to 
provide additional insight regarding aging-related ac t iv i t i e s  

. *=s. and progr̂ uns which nay f u - l f i l  the key .aging manqeraent funct'  
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the safety significance of the component; 

the ease of component replacement; 

the expected nominal life of the component; 

the cost of the component; and 

the effect of the component on overall reliability. 

Based on thteae factors, components cau be categorized as. follows 
(5) : 

a. Category I Components - those components which are I' considered significant for safety or long-term reliability 
and which are essentially non-replaceable. The nominal 
design life of these components typically govern the overall 

s, J , . ,  , 
life of the station. Examples of comments within &his 

. -  . ,  . category include the calandria vessel and the containment 
. ,  - 2 structure. 

.. 
:, !I -! . . 

' r m  b.. Category I1 Components - those ~angmnents which are 
;,. 7 considered' s-ignifieant for safety or long-teasm reliability . 8 

c . x  3= and which are replaceable. Replacanent though is costly 
'-. , ' , i , j  
, , , .  .. both in terms of capital expenditure and outage time. -. , Ex+lq of &mponents within thi-s category inclQdepfessure. 

. 7". tubes and steam generators. -, T I ! .  F ' ,  >Q 
< ,  
. 8 8 :  r- 
2 ,,., c. Category 111 C~oroponents - those components which, as a 
,> . - 1  . group, axe considered 8ignifi-cant'for plant safety or 

. . 
! ' { f  reliability and are replaceable on a routine basis. 

. ~ ,  
.I 8 .  

. ~ 

? ,. -. 
Examples of components within this category include 
instrumentation, shutoff rods and valves ., ' .. > 

.' a > ... ; c ,  '. ' 6  * 
2 
:.i 

1 d. Catego* IV Components - all other reSiaiging components not \" - .  iricludefl in the above categories,. 
^J ". 

8 
?',.4,- . .  '~ '  

4': .̂ Categories I and I t  represent a snail nimiber at large, generally 
, unique components,. Iliese components are highly significant in 

terms oÂ their iirsgaet on plant l i E e ,  poaoaics, aaiety and 
.si , , 8 .  

: 2 reliability. -For components in these categories, specific aging- 
- ,  .. ,=I related pr0ffr.m may be developed,. The emphasis is. primarily 

,'+I .., 
- predictive to ensure that unacceptable aging degradation is 

n .. detected early and that steps are taken to mitigate the 
. ,-, degradatisan hefone i f c  has an adverse. ~f-Â£ee. 011' .plant 1-iÂ£e safety. 
?- Ãˆ or reliahality. 

, &  

< b ~ T  . 
Category XI1 represents a large number of smaller, replaceable ' components which are typically provided with a high degree of 
redundancy. Single failures of individual components are- 
generally rtot significant to safety or to long-item reliability. 
The plant may, however, need to be derated or shutdown for short 

, , , , , . 



pariodiS while the component i s  repaired. Safety or long-term 
r e l i a b i l i t y  i s  only affected by ccanmoti fa i lu res  of several  
eofflpunents or toy adverse trend* i n  the rate of  individual 
c o m p o n ~ ~ t  f-ailuro. For coniponents kn t h i s  category, broader- 
baaed a c t i v i t i e s  and programs are used t o  perform the  functions 
i n  the fitodsl. The emphasit is on inspection and praventive 
maintenance t o  prevent o r  detect individual component tail-ores 
and on &urv&lllance to assess overall  trends. General l n i t i . $ a t i V e  
measures may be taken when adverse tt&& ifl the peffornance of 
individual or groups of components begins t o  affect  p l h t  safety 
or  long-term r e l i ab i l i t y .  

This categorization scheme is illustrated i n  Figure 2. 

Aging-related ac t i v i t i e s  and programs ere undertaken throughout 
the en t i r e  life-cycle of a nuclaar plant and embrace design, 
operations and research functional organizations. The 
relationship befcween aging management function, etmgmneat 
cat-egery 'and typical aging-related programs i s  summarized in 
Table 1. 

This paper has tiresanted an approach far managing the effects of 
ag-. The aooroaeh establishes a logical Eraaiework gram which 
prpgrsan requirements are defined. 'Hie objectives and =ope of 
design, operating, iiaintananee aad research programs are  carpared 
t o  these reguireaents to  ensure t he i r  adequacy and t o  ident i fy 
areas requiring, improvement. 
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. Cenponent categories are as follows: 

I.  C r i t i c a l  Components whose replaceaisnt is impractical. 
11. C r i t i c a l  ccanpoaents whose replacanettt is f e a a i S l ~  but 



Figure 1: 
Aging Management Functions 



Component Categorization 


