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ABSTRACT 
, 
I Evaluation of nuclear power plant designs, including the determination of a 

design basis accident set, in a process t h a t  has been evolutionary. As more 
experience has been gained from the design, operation and l icensing of 
established desi concepts, the set of accident* and the r a n g e  oof conditions
f o r  evaluation has steadily grown. 

Recognition of this evolution has led the Canadian regulatory body, t h e  Atomic 
Energy Control Board (AECB), to require fo r  a l l  future plants  a systematic 
review (Reference 11) of the plant design. TIM purpose of t h i s systematic
review is t o  come up with an exhaustive list o design basis accidents. It 
a l s o gives t h e  reviewer of t h e  design confidence that a systematic, auditable
process has been used t o  derive the Hot .  Accident analysis for  each of the 
events on the list i s then used t o  d e t e r m i n ethe range of condition* f o r  s a fe  
operation of tha  plant. 

The CANDU 3 is the newest design of CANDU nuclear power station. It provides  
the economy of operation of other CANDUs i n  a smaller unit  size (450MW). A 
key par t  of t h e  CANDU3 design program is a review of the design by t h e  
Canadian regulatory prior to the  s t a r t  of construction. These up front  
licensing discussions provide the f i r s t  opportunity fo r  the  AECB and industry
t o  explore w h a t  f u l l implementation of t h e  Systematic Review concept en ta i l s .  
This; paper, provides t h e  regulatory background t o  the Systematic Review,  t h e  
review p r o c e s sdeveloped by Atomic Energy of C a n a d aLtd f a r  CANDU 3 and the 
r e su l t s of t h e  review. T h i sreviewp r o c e s scan be applied to any innovative 
design and provides a framework for identifying ill nternal events of safety
significance. (External events arc d e r i v e dthrough the  site invest igat ion
process.I 

Nuclear regulatory and design organitationa throughout the world have a 
t r a d i t i o n  of looking a t  the response of n u s l u r  powr pLants t o  8 ~ e t  of 
dnLgn b m l a  Â¥ecidents Ensuring t h a t  Q o Ã §  to meob*ra of tha public 8nd t h e  
o p e n t i n 9  s t a f f  are ILBiied for these event* basbeen 606 inportant Way of 
making sure  t h a t  the public i n  protirtod. Other M e t y i n i t i Ã ˆ t i v e  include 
accident prevention and m i t i  a t ion  by qumlity deaign, fabrication Bid 
c o n s t r u d o n ,  inspection, inafntenitice and t e s t i n g  of coÃ§ponenta easeful site 
e l e c t i o n ,  design of sin appropriate operator interface and operator training. 

More recently, Probabi l is t ic  Safety A s i ~ m n w t s  {PSAB) hare been used t o  
perform W l y g i S  bo determine the riaka triei-na. from plant operation In a more 
integrataB way. The PSAs have proven to be ofva lue :  i n  %&anti-fyina dominant 
r i s k  cantritou+ and aowaÃ§in design options to improve Ã§Ã§fat me q r r e n t  
l imitat ion of the PSA i x  thÃˆ It i* d i f f i cu l t  t o  &a s u e  that t h e  analyst has 
ident i f ied  an apf>rof>riÃ§t Ã‡B coMpfÃ§hBttsiv net of itiltliating eÃ̂Ã§Ã̂l 

part.i-Gul*rly for innovative designs. AlÃ§o PSAa have been slow to g a b  
acceptance a a e  regulatory too l  faecauea t h e  f u l f  are  very much.& . . function 
of t IMthodo1ogyemployed. 



?his -per Â¥in t o  provide an insight into the overa l l  CAMOO 3 ,a~~idant 
hs i~snant  Program a* mhovn in rigwe 1, w i t h  a partlculÃˆ enpluuis OK tha 
identification of design basis accidents- hi in  ~~~t8 of thx program are 
dLmcuaaed below; 



for the pwBoSB of analyEia. Tor ~xample ,  vir ious f a i l u r e  modeB r e l a t i n g  to 
t h e  f a i l u r e  of eondensate system ultimately lead t o  ft loÃ̂  of feedw~ter to t h e  
s team generators. Accordingly, failure modes of the  condensat* and fÃ§dw'atÃ 
ByEtems can be conservatively grom@?td into a aingie event a s  " fa i lure  at 
feedwater". I n  system reli-ÃˆbiUt documents, tile f a u l t  tree ansiysis  tar the 
lass of feedwater w i l l  account fo r  the  contribution from W q  condenUte ez 
well as the  feedwater sy$tema. It i m  r ~ ~ o g n i i a d  t h a t  the dynasties <i.e,, titoe 
to loss  of nornial heat   ink) of tic plutrt response for the  f a i lu rea  i n  these 
two xyctamf may be eifferfiflt Air to t h e  etazed W e f t o r  Â¥torag t w k  
inventory. However, t h e  event t r en  w i n  a&eui*e the  fAStBk of ill 
contributing system fai lures ,  ud the  results w i l l  thus be eon~ervat ive.  

The grouping process al1owed t h e 2 7 4  failure mciles to be cccib.inad into, 
84 I n i t i a t i n g  events ( m e e  Table 2) .  T k s Ã  grouped B v n t Ã  uÃ then ufed a Ã  
i n i t l u t i n g  evento for the purpose of event t r e e ' a r S d y ~ t Ã §  

Plant response to the 84 grouped events is assessed by event tree analysia 
where tha i n i t i a t i  event  i s  credible and the plant x ~ p a n Ã  to the event "? ioeludee au lUpl=  mtl.git.ing systena. To the & t e n t  p o ~ ~ i b l e ,  syctmn 
interfaces  a r e  ehown in  the tree. Clearlv. at an eÃˆrl stam i n  the deaicrn 
proceflo, accurate evaluation of endpoint f&enci_ta n o t p o ~ i b l e .  
H-r. ball nark r e l i a b i l i t y  estlJMUs for the concÃ§Dtua PSA are derived 
baled ok nimplk f a u l t  t&au uk experioce. The CAROU 3 kee id int  &aiFeÃ§8i~en 
Program utab116hed reiiabLXity target< b a e d  on the event tcees and the 
d e Ã § i r  lave3 o f  e*fety (prevention of severe accident# i s  a key 
conii.irration). s w m  rsliJbilitio w i l l  be calculated one* the 4Ã‘Q 
&>file a m  avxi l ible .  In  idd i t ian  eo independent failuret,  Cannon Cause 
Fhi iur t s  w i l l  be ailiiress@ i n  t h e  PSA which is pr&Sucad a t  the and of the 
design program (Centric PSh). 

The event tree* ace- ulao uÃ‘  to identify the a p t e a s  uaeO to mitigate  aach 
accident. This ie-  an important input to the. Environmental Quhlification mb? 
P i p e  Whip AasasBineiit. 

Ona important interface i n  any is& Ptogrmn occurs between theperm 
constructing tAÃ event trees and f a u l t  kra-8 an$ the *Â¥o Â¥vluatin the 
confqtiqcai. of the accident. I n  the case of this program, t ha t  hfrfa&.e 
occur* during the production of t he  'event combination tabled. These tablet 
axamine cacti *~UCCSSB" branch point i n  t h e  event trees and document the 
aaÂ¥Uropt.m made i n  deteEnAl>ing, t ha t  t.W kni te l  Â¥uccesnfs In 
minMWog tha e x t e n t  of r Ã § l ~ ~ e  For ~xaap&e, if the event tree hnal.yÃ§ box 
nsÂ¥uroe that one E m  puttip running. for  six nonthS is auff ic innt  followin@ a 
Iocs at coolant scci-dent, than the conseouence analyst muff ver i fy  t h a t  one 
pump w i X 1  coal t h ~  SuÃ§ and the  pump i a n o  longer -mired af te r7& monlhs. 

A t  t h i s  stags, t h e  containment f a i lu re  pofsibilitJ.es Â¥r examined and t h e  
-levant f a i l u r e  modaa included for  dowirtream analysis. Xvent i?htagoriM:ian 
i n  the fie xqulatery eafgariÃ i* oroposed for XZCB r w l w  at tfti* tiae 
also. 

mired  flyi is CMBS are &flned by the c o n ~ q u a n h  anhlyct baaed on c t r  
as&mpti~ne ante i n  t h e  event tree MOT&. A l l  the Â¥nalysi c&w b@mthfir w i t h  
t h e  analysis  methods, *~SuniptionB end proposed tceeptancawitaria 8re 
presented in S-. W h i l e  doing t h i s ,  the &@pt llmo ref- luck to the 



The analyst also docunienf t?e data b.ping used in Safety Analysis Data 
List (SADL).. ~ h i n  l ice is checked by the *em designemi to aftkura th* 
adracy of the data. One Key fact of the SADL i h  the'HLslBium Allowable 
Serfonnanee Standards (MAPS) for safety Â¥ytorns This part la eventoally 
passed +-I to the plant o p ~ a t l q n s  group BO that they know t h e  safe operating 
limit* for t h e  plÃ§nt :SeiMfciaea it&rition by th* con aq+lyÃˆ i.* 
-&iirâ‚ kc5 d e t e L i  &*'W ems Bout . * M w z l e  StLll allowing 
operating. mis-fins. 

an e a r l y  #age i n  the design proc*~, it !Â di f f i cu l t  to da a rigqroua 
a ~ B V a - ~ i n e f t t '  of external oventa. for atinplw, i f  the eitf not known, than 
the meicnd.~ end imteoxsXogieal Unite.= fox the design hsvÃ t o  be chosen baaed 
on a typical Bite of hypothetical limiting site. For the -U 3 B t f n d ~ d  
product design, the site conditlont ar* b u d  on vluft* that envelope most 
flit- in jxvtential m&ketB. Anotherdifficolty im that protection for 
seinni.c, Eire and other extarnal - common cause:evants depends on good, 
axept&cp in the  detailed dea&@. me wecution of the c o n c e p q i e  checked by 
various' a u d i t i n s  teehnlquea one* thm phi* datign iJ coop let^. Thin is 
followed up by audit8 of thte coreplafd plant prior to full power operation. 



- - - - - 

ThÃ ZtrÃ‡ t e e  in  t h e  aceiflent ÃˆnÃˆly~ yroCOt i f f  to develop event trees 
which pr&sbi.liBticaily ~ ~ i n i n e  t h e  effectivaneaa of the  back-up heat ffinice 
a i d  support mrvicss  for m i t i g t i k g  tht ÃˆccidÃ§n ThiÃ pÃˆr of the work iÃ 
now largely  complete. Consequence uaalyeis w i l l  be carried out ta verity  
event tree assumptions, and to calculatd eelnefts  to the public. The safety 
a n a l y Ã § i z b a e i  docuqants < W a )  are being prepared which d i t c u ~ ~  t h w  
requirements and ziethodalogy of c o n t e g u e h  analysis. 

(1) ATOMIC BNERSY CONTROL BOARD COMSULTATIVT DOCUMENT C-6, "Proposed 
Regulatory Guide, Requirements for the Safety Analysis of CANDU Nuclear 
Power Plants", iswed for coirenent i n  1980 June (under roTi^i-On)' 



m b i m  1 
Naxixua Pan>issiblx Refar- D o c *  to Ur Most Bxpocd Member of 

the Public a t  or Beyond the Rita Boundary 

FrOa XECB Coniultati~ DOCUKÂ¥a C-6 

Initiating Event E v n t  clksi Mu-a X n 6 i ~ i d u t l l  Dvam U d t  

rquEncy (f) Hhol* Body Thyroid 

f lWz/yr 1 0.0005 Sv 0.005 Sv 
(SO Birem) (500 m ~ e a )  

10a/yr 2f > lO-'/yr 2 0.005 Sv 0.05 Sv 
(500 mren) (5 ren) 

lW3/yr af 10vyr 3 0.03 Sv 0.3 Sv 
( 3  CCTI) 130 r e m )  

104/yr a t  > lD4/yr 4 0.1 sv 1.0 Sv 
(10 rem) (100 ram) 

f s lOqyr 5 0.25 sv 2.5 Sv 
(25 rani) (250 real 

Note: This frsquency/dose criteria will be applied only to tho- acciHant 
eequancÃ§ which do not result in a severe core damage. 



bting at I n i t i a t i n g  tven ta  f o r  CMOU 3 

I n i t i a t i n g  Event # 
D m s c r i p t i . ~  

Moderator HX plÃˆtfi(0 12 
f a i l u r e  - t r i t i u m  releame 
i n t o  GPI ROW 

SA/Consequiace Aaalysia 

I n i t i a t i n g  &eat 
Itescriptirm 

Inadvertent  d ischarge  of 
moderator D]O to t h e  
i n t e r f a c i n g  syeteni(s) 
o u t s i d e  t h e  R/B - p o t e n t i a l  
for t r i t i u m  discharge  
o u t t i d e  t h e  R/B 

13 Moderator pipe break i n s i d e  
the s h i e l d  tank/ca landr ia  
vessel f a i l u r e /  apurioue 
demin H]O make-up t o  
calandr i a  

14 Cf landr ia  drain l i n e  break 
o u t s i d e  t h e  s h i e l d  t ank ,  
upstream O f  V16 

1 5  Spurious ac tua t ion  of 
moderator re l ie f .  devieea 

17 P a r t i a l  l o s s  of C l a s s  I1 

Loss of Instrument air 

Calandria t u b e  f a i l u r e  

20 LISS pipe  break downstream 
of t h e  poison i n j e c t i o n  
tanks  and a u t i i d e / i n s i d e  
t h e  t h i e l d  t ank  

~ a r t i a l  LOSS of clams I 22 Loss of s h i e l d  cooling 
es system heat  s i n k  

Loss of s h i e l d  cooling 1 24 1 End f i t t i n g  break 
system inventory 
Case i - pipe breaks 
Case 11 - l a t t i c e  tube  I f a i l u r e  
Case l i t  - end s h i e l d  l e a k s  

i n t o  r /U vau l t  

I 25 End f i t t i n g  break i n s i d e  26 Feeder break 
t h e  annulus g a s  ayttein - 
f x x  Â£ 

27 Premtnre tube  and ca landr ia  28 FÃ‘dÃ t a g n a t i o n  b c u k  
tube  r u p t u r e  

' 

29 ~ l i  HTS pump s e a l s  f a i l  - 30 &iecel~Aneoua ma11 LOCA 
0}0 unavailable evehts  - d i a c t r r g e  i n t o  RJB 

3  1 F/M backing o f f  without 32 Large LOCA 
channel shimld plug, 
l a t ched  spacer plug and 
channel c1Mure being 
replaced - f u e l  e j e c t i o n  
i n t o  F/M vau l t  



TÃ‡ 
1%- of Initiating Eveaf fax 

r&itia** Event 
0ewritrfci.wa 

Very emall LOCA events - 
d f 8 h u g e  into eantainomt 
a d  within y feed 
capability 

Loss ef f/tt D i p  inventory 
due 66 hose failure (F/M in 

Inititting B w n t  
DeiCriptLon 

Oft mtoraoÃ tank fxilure Ill 

st&m &rator tutu 
rupture [s ingle  tub*) 

37 meam generator multiple 38 HTs 13,0 lase into am RCM 
tube rupture (10 tubes) myatam 

slowback f rorn HTS into ECC 
(inxtvrtent opening of a 
~l%/Eec header loolation 

I and 8,0 isolation valves and 
g r o ~ ~  internal Leakage from 

, the see check valve) 

I ~ r ~ Ã § s u r i x <  r d i e f  valve 
apurioutly f a l l 8  opeo 

' MIS presxurs control 
fa i lon - high 

LRV spuriously title' open 

WSS pzeÃ‘ur controi 
failure - ley 

fxrti42 loss of HTS flow 
due to failure of one pump 
i. HTpuniptr* 
ii. flT p q  failure due 

to bearing 
Mizxm/Uipeller 
fai lW/drive shaft 
f l u r e  

Bleed UondBiurec spray 
Â¥puri~lual turned on or 
*xceÃˆ~iv BprÃ§ flow 

mional core power 
excursion 

Spurious closure of 46 
pre^gurixer isolation valve 

I (63331-MV43) 

Sulk core power axcursion 48 
i. 

{LOR during ~ h ~ t - t  

Rsactor stepback 50 Total lass of CP1 faedwater - 
flow 

FsajÃˆtate pipe breaks In 52 ÃˆÃ§Bdwat pi- brÃ§Ã§ in 
the S / B  Uw R/B. upat- of 

steam generator cback ~ Ã ˆ l v  

Fesdwat-ar pips breaks 54 Boiler Blowdowl lims br*ah 
doimstrsiB of the Btean bawaeo %he stemm -tw - 

generator check v l v  in and blowdewn isolation- 
thÃ R/B v Ã ˆ l  

Boil& b l ~ n  line break 56 aallcs ttlowdown linÃ ttfuk - rtfpturu between the - ruptura bat- the R / B  
blowdovn isolation valve will anil the flash tank 
Â¥a the R/B wall  b 



Table 1 

Fuel bundle crushed on F / M  carr-iage tilt or 
reactor inadvertent movement in X/Y 

@irÃ§ctio while T/M 16 
latched on reactor 

- -  

79 Lean of F/M QO 60 Mechanical damage to fuel 
supply/i&yentory - F / M  off in the fuel transfer part 
react+ 

81 Fuel transfer failurea from. 82 L o r  of IFB heat sink 
the transfer port to the 
IFB 

83 LOSS of IPB inventory 84 failure of the IFB: 
case i. pipe failures ventilation, system 
Cafe ii. liner failures 






