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PRE PAC Isd 

P r o b a b i l i s t i c  risk assessments (BRAS) of ilaj(:lear power plant - ;  

f r r c ~ u e l ~ t ~ y  i d e n t i f y  c ~ h ~ ~ ~ ~ n  cause f a i l u r e s  (CCFS 1 as m i l j ~ ~  eont ributohs to 

p l a n t  r isk,  However, the methods employed t o  analyze C C F s  in !%As a r c  

u s i d  ly empi r i ca l  t echniques  that do n o t  s y s t e m a t i c a l l y  addres s  a1 1 CCF" 

s c c m ~ r I o s  and do no t  i d e n t i f y  s p e c i f i c  CZHIHCS of CWs.  

T h i s  s t u d y  p r e s e n t s  t he  resultc O F  i:s;Cng formal common cause Fa i lu re  

a n a l y s i s  (CCFA] inethods bn a d e t a i l e d  r e l i a b i l i t y  a n a l y s i s  of a nuclear 

power p l a n t  s a f e t y  systein, The s t i rdy  i d e n t i f i e d  both i m p o r t a n t  and 

unimpor tan t  gene ra l  causes of CCFs f o r  a rcsdded scrim system, as well as 

specific ~a t i se s  wi t h i  n the i m p o r t a n t  genera l  c a t e g o r i e s .  Through t h i s  

s t u d y  we e s t a b l i s h e d  many of the  s t r e n g t h s  and p r a c t i c a l  l i m i t a t i o n s  01- 

performing  a d e t a i l e d ,  systematic CCFA. A s  4 ~ P S F I ~ Z .  n-f this work, YY 

developed a d r a f t  set or  guidelines f o r  performing ,a dependent  f a i l u r c  

a n a l y s i s .  These newly developed g u i d e l i n e s  arn no7 belng f i n a l i z e d  as a 

set of recommended procedures .  
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SUMMARY 

This study demonstrates the use of a formal method for common cause 

failure analysts in a reliability analysis of the Arkansas Nuclear One - 
Unit 1 rodded scram system. The scram system failure of interest is loss 

of capability of the system to shut the reactor down when required. The 

results of this analysis support the ATWS program sponsored by the U.S. 

Nuclear Regulatory Commission. The methods used in this analysis support 

the NRC's Risk Methods Integration and Evaluation Prograiii (RMIEP). 

Results of interest in this study include: 

8 an estimate of the average unavailability for the 
scram system due to independent component failures 
and the major contributors to this unavailability 

* the scram system minimal cut sets that are 
susceptible to common cause failure 

* a list of potential root cause events that are 
conducive to scram system common cause failure 

8 estimates of the conditional probability of scram 
system failure, given the occurrence of each type of 
root cause event 

0 a sensitivity analysis of scram system unavailability 
with respect to each type of root cause event 

8 estimates of scram system unavailabilities for 
important types of root cause events. 

Our estimate of the average unavailability of the scram system due to 

independent component failures is 4.1 x This result is consistent 

with the scram system unavailability estimate in the ANO-1 IREP study. 

Ninety-nine percent of the time when the scram system is unavailable due to 

independent hardware failures the cause of failure i.s an electrical 



naj or corr t r j  brieors t o  the scram system average anavail s t e i l i t y  w h e ~  

cons3AerPng only  independent  " E a i P u r r s  are t h e  t w o  scram brtaslwrs used LO 

i n t e r r u p t  ac power to the c o n t r o l  rod d r h e  mechanisms (CKDMs). 

We determined that  common cam12 failures are p o t e n t i a l l y  dominant  

c o n t r i b u t o r s  t o  firram sys t cm ranavaj l a b i  l i t y .  Twenty-nine r o o t  came everm~ 

t y p e s  ( g e n e r i c  c a u s e s )  t h a t  can cause scrrrm s y s t c m  f a i l u r e  (e,geP impact 

even t s  ~ power surges ,  and ~omnmn Links)  i c u e  id en^ i-Eied, The c o n t r i b u t i o n s  

of some of t h e s e  events fro scram sysxern u n a v a l ! a b i l i t y  are  greater than  t h e  

t o t a l  c o n t r i b u t i o n  from independent  f a i l u r e s .  The most irnporLant scran 

s y s t e m  components--with respect t o  c o ~ o n  cause fai lure9--agai n arc the a r  

power interrupt breakers for the  CRDalis, 

Based on t h e  results of thds work, we recornmnrl the  fo l lowing:  

1. Develop a s t r e a m l f n e d  procedure f o r  identifying and 

this s t u d y ,  we performed a p l an t  walk-through t o  
i d e n t i f y  p o t e n t i a l  root: cause  events. .  .Root o ~ u s e  
event  Treq1.1ency estimates were based p r i m a r i l y  on 
eng inee r ing  judgment e A r l e t d l e d  root  cause event 
a n a l y s i s  procedure wi 1.1. e n s u r e  a coniprehensive 
t r ea tmen t  of roo t  cause e v e n t s ,  w i t h  a iwre r e f i n e d  
estimate of t he  freqmeiicy of roo t  cause events .  

ea%eulating t t? flcecjuency Of K 5 O t  Cause e\aentSs Ill 

'E. Perform a COIIETIQ~ cause fatlure analysis on other 
scram system designs.  F:vei? tkiougin resu l t s  ~ K O ~ T I  this 
ANO-I scram system n n a i y s i s  are not directly 
applicab' le t o  o t h e r  scram systems, t h e  anal-ysls 
i n d i c a t e s  t h e r e  are good reasons t o  believe the 
fa1Eurk.s of o the r  scram systems are also dorn'amted 
by common cause f a i l u r e s .  P l a n t - s p e c i f i c  analyscs 
w i l l  de te rmine  the romm cause faillire char-- 
a c t e r i s t i c s  of other scram systems. 

3, Investigate khe Beasibility of collectPng c o m p o n ~ . ~ ~ ~ :  
failure data to de te rmine  more accurate eondfkhonal 
p r o b a b i l i t i e s  of importsnt component fsrLPsires @sen 
severe generic environments e These d n t  a are needed 
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to calculate the conditional probability of system 
failure, given a severe generic environment. 
Component failure probabilities used in this study 
were synthesized from WASH-1480 data and engineering 
judgment. 

4 .  Develop methods for performing an uncertainty 
analysis on the conditional probabilities of scram 
system failure, given the occurrence of each type of 
root cause event. 

5. Update the importance calculation method in COMGbN 
111 to allow for calculations that are not based on 
"rare event" approximatdons . 

Implementing these recommendations will result in defendable estimates 

of scram system failure probabilities and ATWS frequencies for light water 

reactor designs used in the U.S.  commercial nuclear power industry. 
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V i i i  

Barrier 

Basic event  

a dev9ce t h a t  l i m i t s  t h e  propagat ion  of an 
adverse  environment 

t h e  mal func t ion  o f  a component i n  one of i t s  
p o s s i b l e  f a i l u r e  modes 

Common cause c a n d i d a t e  a minimal c u t  set  whose b a s i c  e v e n t s  could a l l  
f a i l  because of a common dependency 

Common cause f a i l u r e  t h e  occurrence  of a r o o t  cause  event  and 
subsequent  f a i l u r e  of one o r  more common cause  
c a n d i d a t e s  a s s o c i a t e d  w i t h  t h e  r o o t  cause event  

Common l i n k  

Domain 

Gener ic  cause  

a s o u r c e  of common cause  f a i l u r e s  t h a t  can 
t r a n s g r e s s  p h y s i c a l  b a r r i e r s  

a n  area w i t h i n  a p l a n t  t h a t  c o n t a i n s  a r o o t  
cause event  s o u r c e  and is bounded by b a r r i e r s  t o  
t h e  adverse  environment produced by t h e  r o o t  
cause event  

an  event  o r  c o n d i t i o n  t h a t  can resu1.t i n  common 
cause  f a i l u r e s  

Gener ic  environment a n  environmental  c o n d i t i o n  such a s  impact,  g r i t ,  
o r  v i b r a t i o n  (whose s o u r c e  i s  u n s p e c i f i e d )  t h a t  
can cause component f a i l u r e s  

Generic  s u s c e p t i b i l i t i e s  l i m i t a t i o n s  a s s o c i a t e d  w i t h  components t h a t  can 
cause them t o  f a i l  when s u b j e c t e d  t o  a d v e r s e  
environmental  c o n d i t i o n s  

Minimal c u t  set 

Root cause  event  

a group of b a s i c  e v e n t s  t h a t  are c o l l e c t i v e l y  
s u f f i c i e n t  t o  cause system f a i l u r e .  The occur-- 
rence  of each b a s i c  event  i n  t h e  minimal c u t  set  
i s  necessary  t o  cause  sys tem f a i l u r e  

a n  event  t h a t  produces c o n d i t i o n s  ( e i t h e r  
environmental  o r  o p e r a t i o n a l )  t h a t  i n c r e a s e  
component f a i l u r e  f r e q u e n c i e s  

S p e c i a l  c o n d i t i o n s  c o n d i t i o n s  a s s o c i a t e d  w i t h  components such  as 
component manufac turer ,  t h e  maintenance crew 
charged w i t h  component upkeep, o r  t h e  procedures  
used f o r  component maintenance. A s  w i t h  common 
l i n k s ,  s p e c i a l  c o n d i t i o n s  can t r a n s g r e s s  
p h y s i c a l  barriers 

U n a v a i l a b i l i t y  t h e  p r o b a b i l i t y  a system i s  i n  a f a i l e d  s t a t e  a t  
t i m e  t 
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a n a l y s i s  o f  a scram system. Th? s y s t e m  aml.y;.rc..tl kerefn is the rodded ~ c x - a ? ~  

system of the  Arkansas Nuclear One - U n i t  1 Power P l a n t  (ANO-1) .  The 

system c o n s i s t s  of e lec t r ica l  and e l e c t r o n i c  eyui.pment ( 1  ) thac de t c rmin r s  

when process parameters  exceed preset l i m i t s  and ( 2 )  t ha t  removes 

e l e c t r i c a l  power from tlhe c o n t r o l  roc. d r i v e s  ( t he  mechafiical p o r t i o n  OT the 

sys t em) ,  allowing the rods t o  fall i n t o  t h e  reactor core and s h u ~  dmrr L~PC;I  

r e a c t o r  

'En addi t i -on  t o  demonst ra t ing  how a CCFA can be performed as p a r t  o l  a 

scram system r e l i a b i l i t y  a n a l y s i s  t " n s  rep or^ irnclrmdes qu4q l i t a r lvc  and  

q u a n t i t a t i v e  e v a l u a t i o n s  of the  e f f e c t s  of independeet  f a j  l u r e s  and C F S ~ ~ O P ~  

came f a i l u r e s  on t h e  availability of the scram system t o  shrit down Che 

Q an  estimate of t h e  average  u n a v a i l a b i l i t y  F o r  kiic 
scram system due to  independent component failiii-cs 
and che major c o n t r i b u t o r s  t o  ti.2is u n a v a i l a b i l i t y  

8 t h e  scram system minimal c u t  s e t s   hat are  
s u s c e p t i b l e  t o  c:o*.mmon C L ~ U S E  failupre 
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a l i s t  of p o t e n t i a l  r o o t  cause even t s  t h a t  are 
conducive t o  scram system common cause  f a i l u r e  

estimates of t h e  c o n d i t i o n a l  p r o b a b i l i t y  of scram 
system f a i l u r e ,  g iven  t h e  occurrence  of each type  of 
roo t  cause  event  

a s e n s i t i v i t y  a n a l y s i s  of scram system u n a v a i l a b i l i t y  
wi th  r e s p e c t  t o  each type  of roo t  cause event  

estimates of scram system u n a v a i l a b i l i t i e s  f o r  
impor tan t  types  of roo t  cause  events .  

This  r e p o r t  a l s o  p rov ides  recommendations f o r  a d d i t i o n a l  common cause 

f a i l u r e  a n a l y s i s  r e sea rch  t h a t  will enhance f u t u r e  r e l i a b i l i t y  a n a l y s e s  of 

o t h e r  n u c l e a r  power p l a n t s '  scram systems. 

1.2 Background 

The i s s u e  of a n t i c i p a t e d  t r a n s i e n t s  wi thout  scram (A'IWS) f o r  l i g h t  

water r e a c t o r s  has  been, and con t inues  t o  be,  a source  of deba te  f o r  t hose  

concerned wi th  n u c l e a r  r e a c t o r  s a f e t y .  One of  t h e  c e n t r a l  q u e s t i o n s  i.n 

t h i s  deba te  concerns t h e  p r o b a b i l i t y  of f a i l u r e  t o  scram.l L igh t  water 

r e a c t o r  scram systems are des igned  w i t h  so  much redundancy i x d  w i t h  such a 

tendency t o  f a i l  s a f e  when component f a i l u r e s  do occur  t h a t  t h e  p r o b a b i l i t y  

of system f a i l u r e  a r i s i n g  from independent  f a i l u r e s  of system components is 

n e g l i g i b l e .  I n s t e a d ,  impor tan t  f a i l u r e s  of t hese  h igh  r e l i a b i l i t y  systems 

tend  t o  be t h e  r e s u l t  of common cause  f a i l u r e s .  2 

This  s tudy  w a s  a p ionee r  a n a l y s i s  of a l i g h t  water r e a c t o r  scram system 

u s i n g  a s y s t e m a t i c  method of common cause  f a i l u r e  a n a l y s i s .  While t.he 

s t u d y  w a s  p l a n t - s p e c i f i c  t o  t h e  Arkansas Nuclear  One - Unit  1 (ANO-1) scram 

system, t h e  r e s u l t s  are g e n e r i c a l l y  a p p l i c a b l e  t o  s imi la r  Babcock arid 

Wilcox (B&W) scram systems. 
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% , 3  Sccsge -- 
Three t ypes  oh  seenarias can  res  oaPt i n  an anticipated a ra r i s i en t  w i t h o l t t  

1, A transient OCCUTG Ll-at causes f a i l u r e  of the ~ c r m  
system. 

2 .  An e x t e r n a l  a?sr?nt causes a t r a n s i e n t  and a l s o  ciimes 
scram sys tem fa:klure. 

3 ,  A transient occurs  wlien t h e  scram system lis already 
f a i l e d ,  

According t o  ~ U ~ ~ / ~ ~ - . ~ ~ ~ ~ ~  t h e  f irst  rype of scenario occurs; a t  a 

f requency  S O  l o w  t h a t  i t  need no t  be c m i s i d e ~ e d  in a r e l i a b i l i t y  a m l y s b r ,  

T h i s  str idy found no evidence to t h e  contrarye Scram system cnmptar.rfnts at- 

1 w O - 1  are l o c a t e d  where they  dll not be adversely affected by any reactor 

transients before the components would effect a reactor t r i p .  

The second type of scernarlo o c c i x s  if an external event c - ~ l - m ~ n ~  scram 

sys t em f a i l u r e  and causes a f a i l u r c  in the integrated c o n t r o l  sys t em (ICs), 

wh%ch produces a transient through improper c~ntroh action ( e " g e ,  c los ing  

t b e  main feedwater contra1 valve). The physfca l  Socatfans o f  TC,S and 

reactor p r o t e c t i o n  system (RPS) e q ~ i l i p m e n t  at the A K E W ~ S ~ S  Nuclear O n e  - 
Unit 1 P l a n t  are such that t h e  occ~~re'ence of this t y p e  of c v e n ~  is 

extremely remote. The ctaances of an evcant o c c u r r i n g  that- causes s c ~ m  

sys tem f a i l u r e  and that produces a trmsieait by causing f a t lu re  of  

equipment. a s s o c i a t e d  with norrml pli lnt  opera t ton  is  also extremely remote 

because of the p h y s i c a l  locatdan of WS equipment. Tbus, t:hc slxsnd type 

of s c e n a r i o  w a s  not  cons idered  i n  0111- d e e z l l e d  ana lys i s .  

This analysis focused  on the: t h f r d  type  of ATWS scenario:: the scram 

system loser;  capability to swam &arJ ng r e a c t o r  operation, the  fa t lure  $5 
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n o t  c o r r e c t e d ,  and a t r a n s i e n t  o c c u r s ,  which r e q u i r e s  t h a t  t h e  r e a c t o r  be_ 

scrammed. Scram system f a i l u r e  can be caused by independent hardware 

f a i l u r e s  o r  by common cause  f a i l u r e s ;  t h e r e f o r e ,  t h i s  r e p o r t  d i s c u s s e s  t h e  

q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s e s  of t h e  ANO-1 scram system c o n s i d e r i n g  

both independent hardware f a i l u r e s  and common caiise f a i l u r e s .  

1.4 Report O r g a n i z a t i o n  

S e c t i o n  2 of t h i s  r e p o r t  d e s c r i b e s  the ANO-1 rodded scram system and 

d e f i n e s  t h e  problem f o r  a n a l y s i s .  S e c t i o n  3 d i s c u s s e s  the  methods and 

r e s u l t s  of t h e  q u a l i t a t i v e  a n a l y s i s  of t h e  scram system, and t h e  methods 

and r e s u l t s  o f  t h e  q u a n t i t a t i v e  a n a l y s i s  are d iscussed  i n  Section 4. 

S e c t i o n  5 p r e s e n t s  t h e  conclus ions  and recommendations of t h i s  s tudy .  
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2 @ 1 * 1  System Design 

The scram system a t  ANO-1 p r o t e c t s  the n u c l e a r  f u e l  c l a d d i n g  from 

damage and h e l p s  prevent  t r a n s i e n t  o v e r p r e s s u r e  e v e n t s  from o c c u r r i n g  i n  

t h e  r e a c t o r  c o o l a n t  system. It cornsists of the r e a c t o r  p r o t e c t i o n  system 

(RPS),  the c o n t r o l  rods,  and the c o r t r o l  rod d r i v e  meehanisms (CRDMs). The 

RPS has  redundant channels  of sei iscrs and s i g n a l  processing equipment f o r  

moni tor ing  s e v e r a l  c o n d i t i o n s  in t h e  n u c l e a r  steam supply  system. I f  any 

oE t h e s e  monitored c o n d i t i o n s ,  o r  a combinat ion of t h e s e  c o n d i t i o n s ,  

reaches  s p e c i f i e d  s a f e t y  system s e t t i n g s ,  t h e  RPS t r i p s  t h e  r e a c t o r  by 

i n t e r r u p t i n g  a l l  power t o  the windings of rhe c o n t r s l  rod assemblies i n  t h e  

s a f e t y  rod and r e g u l a t i n g  rod groups.  T h i s  power i n t e r r u p t i o n  a l lows  t h e  

con t ro l  rods t o  drop i n t o  t h e  c o r e  and e f f e c t  a r e a c t o r  shutdown. 

The ANO-1 r e a c t o r  p r o t e c t i o n  system ( F i g u r e  2.1) monitors  c o n d i t i o n s  i n  

t h e  n u c l e a r  steam s u p p l y  system through f o u r  independent  channels  of 

s e n s o r s  (channels  A ,  B, C ,  and D) and t r i p s  t h e  r e a c t o r  upon r e c e i v i n g  

shutdown v o t e s  from any two channe1.s. There are 10 t r i p  parameters  that 

feed  a b i s t a b l e  t r i p  s t r i n g  i n  each of t h e  4 independent  channels :  

1 .  

2, 

3. 

4 .  

5 .  

6. 

high r e a c t o r  coolant t e a p e r a t u r e  

high r e a c t o r  c o o l a n t  pr-. -5f3uL-e 

low r e a c t o r  coolan t  pre-;sure 

v a r i a b l e  low r e a c t o r  c o o l a n t  system p r e s s u r e  (based 
on r e a c t o r  tempera ture)  

overpower 

power vs. number o f  rea4:tor coolant  pumps operating 





. 

Table  2 . 1  l i s t s  t h e  safety s y s t ~ r n  " t lc lp*  paints f o r  each of these 

pa fame ir erg. 

The b- ls table  t r l p  s t r i n g  f o r  each channel (Piguse 2 . 2 )  c o n s i s t s  of 10 

bistable trip relays and 1 channel. trip re lay (&I, XB, RC, ar KD)= 811 

b i s t a b l e  trip r e l a y s  in each t r i p  s t r i n g  are mosmakly energ ized  m d  c losed .  

safe). Power s u r g e s  from e i t h e r  o f  these sourc:es, however, r;my result. i n  

one QT more channels  f a f l i n g  u n s a f e ,  A crowbar on the 15V dc power s u p p l y  

prevents an e x c e s s i v e l y  h i g h  v o l t a g e  01itp3t. 

Each trip parameter sFgnal in a channel  c o n t r o l s  one b i s t a b l e  trip 

relay. When system eoffidirions reach one of the safety systmri t r i p  p o i ~ t s ,  

t h e  associated trip parameter s igns1 commands i t s  b i s t a b l e  t r i p  r e b y  to 

t o  open and thus provid ing  one of the t w o  cl-name1 votes  needed drss I c i t i a t e  

relay de-energizes f o u r  a u x i l i a r y  trip reliays---me i n  each darinne I (".E. 
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KA de-energ izes  KAl , I(A2, KA3, and K A 4 ) .  De-energizing the f o u r  a u x i l i a r y  

t r i p  r e l a y s  r e s u l t s  i n  a shutdown v o t e  from t h e  channel ,  which i s  s e n t  t o  

a l l  f o u r  r e a c t o r  t r i p  modules (F igu re  2.1). 

The r e a c t o r  t r i p  modules c o n t r o l  c i r c u i t  b reake r s  on main and secondary 

power supply  l i n e s  t o  t h e  c o n t r o l  rod assembly windings.  Rea&tor  t r i p  

modules A and B c o n t r o l  ac scram c i r c u i t  b reake r s  A and B,  r e s p e c t i v e l y  

(F igu re  2 .1) .  Reac tor  t r i p  module C c o n t r o l s  t h e  d u a l  de scram c i r c u i t  

b reake r s  C1 and C2 and t h e  dc  c o n t r o l  power scram r e l a y s  E 2 ,  E 3 ,  and E 4 .  

Reactor  t r i p  module D c o n t r o l s  a similar set of scram c i r c u i t  b reake r s  ( D 1  

and D 2 >  and scram r e l a y s  (F2, F3, and F4).  

One of the fou r  120V v i t a l  ac buses  (one bus pe r  channel )  s u p p l i e s  

c o n t r o l  power t o  the unde rvo l t age  c o i l  of t h e  scram c i r c u i t  b reake r s  and 

scram r e l a y s  j u s t  desc r ibed  through the  c o n t r o l l i n g  r e a c t o r  t r i p  module. 

Each r e a c t o r  t r i p  module c o n t a i n s  a d u a l ,  two-out-of-four m a t r i x  of 

c o n t a c t s  w i th  i n t e r r u p t  c o n t r o l  power i f  any combination of two channels  is 

t r i p p e d  (F igu re  2.3). The a u x i l i a r y  t r i p  r e l a y s  c o n t r o l  t h e  b reake r s  i n  

t h e  two-out-of-four mat r ix .  I n t e r r u p t i o n  of c o n t r o l  power by any one 

r e a c t o r  t r i p  module causes  t h e  scram c i r c u i t  b reake r s  o r  scram r e l a y s  

c o n t r o l l e d  by t h a t  module t o  open (F igu re  2 .1) .  This  a c t i o n  r e s u l t s  i n  t h e  

i n t e r r u p t i o n  O F  power from one of two buses  t o  t h e  c o n t r o l  rod assembly 

windings.  I n t e r r u p t i o n  of power from both buses t o  t h e  c o n t r o l  rod 

assembly windings is necessa ry  f o r  control.  rod assembl ies  t o  drop i n t o  t h e  

core .  

The o p e r a t o r  can  a l s o  manually i n t e r r u p t  c o n t r o l  power t o  the  scram 

c i r c u i t  b reake r s  and scram re l ays .  A manual t r i p  s w i t c h  i s  l o c a t e d  between 



and secondary buses v i a  the dual  dr breakers (Cl and C2 o r  D4 and D 2 ) ,  

r e spec t ive ly .  T h e  d u a l  dc  breakers provlde  a mean% o f  i n t z r r u p t i r g  pnwisr 

from the  main and secondary buses to the s a f e t y  rods, The safs?&y rod? w f I I  

d rop  only if main and secoi-ndary power t o   he sazetjr r o d s  i s  hntcarruyred.  

The RPS interrupts  power Lo t h e  rods 5y opening an approprtate set of %(-ran 

ci reuit breakers. 
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Table 2 . 2  ANO-1 Rod Group Compositions 

Rod Group Category Number of Rods 

Safety 

Safety 

Safety 

Safety 

Regulatory 

Regulatory 

Regulatory 

8 

9 

4 

12 

8 

8 

1 2  



s i l i c o n - c o n t r o l l e d  r e c t i f i e r s  t u r n  on and off the dc c o n t r o l  r o d  hold ing  

power to r e g u l a t e  the rod p o s i t i o n s .  Only 12 or  15 r e c t i f i e r s  ( 2  or 3 

phases)  are ora a t  any “ikme. Gate d r i v e s  regulate de  c o n t r o l  power t o  the 

s i l i c o n - e o n t r o l l e d  r e c t i f i e r s .  Each gate d r i v e  (2: per r egu la t ing  rad 

g roup)  has 6 QUtphnts and conCrols 36 rec t i f ie rs .  The F: and P ; i ~ k 3 m  r e l ays  

i n t e r r u p t  dc c o n t r o l  power t o  th?  gate d r i v e s  and s i l j c o n - - c o n t e o l  l e d  

r ec t i f i e r s .  Like  the s a f e t y  rods,  i-egulaking rods w i l l  d r o p  <-)illy i f  power 

is i n t e r r u p t e d  from b o t h  the maln ant1 secondary lmscs. 

The ANO-1 p l a n t  has r o l l e r  nut-type c o n t r o l  rod d r ive  nuxhanisms I 

Each mechanism c o n s i s t s  of a motor tube  t h a t  houses a l e a d  S C ~ P E W  and i t s  

r o t o r  assembly and a n  e x t e r n a l  motor s t a t o r  t h a t  s u r r c u n d s  t-he motor tube* 

The motor s t a t o r  m a g n e t i c a l l y  r o t a t e s  the ro tor  a s s m h l y ,  wh3ch In  tasrn 

d r i v e s  a non- ro ta t ing ,  t r a n s l a t i n g  l e a d  screw couplcd t o  a con t ro l  rod 

assembly. When t h e  motor s t a t o r  is de-energired *. mecFran2cnl s p r i n g s  

disengage t h e  r o l l e r  n u t s  i n  the roTor assembly from the l e a d  screw and 

a l l o w  t h e  c o n t r o l  rod assembly t o  d r o p  i n t o  the r eac to r  core. 

2.1,2 Instrumentation and Cont re l s  

Annunciators  i n d i c a t e  changes i n  RP5 s t a t u s  EO the  constrol rocmi 

o p e r a t o r .  S p e c i f i c a l l y ,  t h e s e  c o d 5  t ions are aanuncta ted :  

0 reactor c r i p  

* RPS t r o u b l e  
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e RPS shutdown bypass 

@ RPS channel  bypass 

Opera tors  can g e t  a d d i t i o n a l  i n f o r m a t i o n  on t h e  s t a t u s  of each i n d i v i d u a l  

channel  from t h e  RFS c a b i n e t s  ( l o c a t e d  i n  t h e  c o n t r o l  room). 

Each channel has  two key-operated bypass s w i t c h e s ,  a channel  bypass 

s w i t c h ,  and a shutdown bypass switch.  O p e r a t o r s  use t h e s e  swi tches  to 

bypass a channel  b e f o r e  performing c o n t r o l  rod d r i v e  tests o r  channel  t r i p  

c i r c u i t r y  tests. I n t e r l o c k s  between t h e  channel  key swi tches  prevent  

bypassing two o r  more p r o t e c t i o n  channels  s imul taneous ly .  

The s i g n a l  p r o c e s s i n g  equipment, b i s t a b l e  t r i p  s t r i n g ,  and r e a c t o r  t r i p  

module f o r  any one channel  are p h y s i c a l l y  i s o l a t e d  from t h i s  same equipment 

f o r  t h e  o t h e r  channels .  The equipment f o r  each channel  is conta ined  i n  two 

c a b i n e t s  i n  t h e  c o n t r o l  room. I n  each of t h e  two c a b i n e t s ,  t h e r e  i s  a 

meter for e v e r y  a n a l o g  s i g n a l  employed by t h e  channel and a v i s u a l  

i n d i c a t i o n  of t h e  s ta te  of every l o g i c  element.  A lamp mounted on t o p  of 

one of t h e  c a b i n e t s  i n d i c a t e s  t h e  t r i p  s t a t u s  of t h e  channel.  

Each CRDM motor s t a t o r  has  a high-temperature  a larm,  and t h e  

i n t e r m e d i a t e  c o o l i n g  water system (ICWS) t h a t  p r o v i d e s  CRDM motor s t a t o r  

c o o l i n g  has  low-flow alarms. 

2.1.3 T e s t i n g  and Maintenance 

ANO-1 personnel  check a l l  RPS channel  i n d i c a t i o n s  twice d u r i n g  each 

s h i f t .  The s u r v e i l l a n c e  check i n c l u d e s  comparing t h e  v a l u e s  of analog 

v a r i a b l e s  between channels  and observ ing  t h a t  equipment s t a t u s  i s  normal. 

I n  a d d i t i o n ,  each channel  power l e v e l  i n d i c a t e d  by n u c l e a r  i n s t r u m e n t a t i o n  

is compared wi th  a thermal  power c a l c u l a t i o n .  
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P l a n t  personnel  test each RPS channel mcmthly.  (A d i f f e r e n t  rhnnncal i s  

t e s t e d  each  week.) Th@y v e r i f y  t h a t  each p o r t i o n  of t h e  channel  t r i p  

logic--from t h e  signal p r o c e s s o r s  to the scram breakers--operates  p r o p e r l y ,  

A complete tes t  on a channel  t a k e s  ‘ibaalt fou r  hours ,  d u r i n g  which time the 

WS channel  i s  bypassed and the  system i s  i n  a condttl ion where 

two out  of t h r e e  channels  must t r i p  t o  cause a scram. Two o r  more channels  

are never  s imul taneous ly  bypassed f o r  testlevg and m l n t e n a n c e  since t h i s  

would v i o l a t e  adminis t r a t l v e  c o n t r o l ,  and i n t e r l o c k s  prevent  bypassing more 

t h a n  one channel .  

Maintenance on a n  RPS channel ,  f f  necessary ,  is performed d u r l n g  

monthly t e s t i n g  o r  d u r i n g  shutdown, Unless a channel i s  bypassed, a system 

of i n t e r l o c k s  i n i t i a t e s  a channel  t r i p  whenever- a r e a e t o s  t r i p  module i s  

removed from t h e  RPS. 

2.1.4 Interfacing Systems 

The e l ec t r i c  power system (‘EPS) and the i n t e r m e d i a t e  cool ing water 

system (ICWS) i n t e r f a c e  d i r e c t l y  w i t h  t h e  scram system. The EPS s u p p l i e s  

120V ac power t o  t h e  RPS v i a  f o u r  v i t a l  “ e 0 V  buses: one bus f o r  each 

channel .  Each v h t a l  ac bus s u p p l i e s  power t o  t h e  channel ’s  1511 dc 

ins t rumenta tLon power supply  and t o  the undervoltage windings of the  scram 

b s e a k e r ( s )  and scram r e l a y s  a s s o c i a t e d  with t h e  channel .  Loss  of power on 

any v i t a l  ac bus t r i p s  the a s s o c i a t e d  channel .  Power surges on any v i t a l  

ac bus o r  dc  power s u p p l y  may r e s u l t  i n  one o r  more channels  failing unsafe  

by welding r e l a y  c o n t a c t s  c losed .  
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The ICWS provides  c o o l i n g  water t o  t h e  CRDM motor s t a t o r s .  Loss  of 

c o o l i n g  water causes  t h e  CRDM motor s t a t o r s  t o  overhea t .  Overheat ing can 

cause  mechanical f a i l u r e  of the CRBMs, which can r e s u l t  i n  t h e  coupled 

c o n t r o l  rod assembl ies  n o t  i n s e r t i n g  when commanded. 

2.2 F a i l u r e  D e s c r i p t i o n s  

2.2.1 TOP Event D e f i n i t i o n  

The TOP event  (system f a i l u r e  of i n t e r e s t )  analyzed i n  t h i s  s tudy  w a s  

“Scram System F a i l s  t o  Achieve a S a t i s f a c t o r y  Reac tor  Shutdown When 

Required.” The scram system c o n s i s t s  of e i g h t  groups of c o n t r o l  r o d s ,  

seven of which comprise t h e  emergency p o r t i o n  of t he  system. The TOP event  

occurs  whenever a t  least  one complete emergency c o n t r o l  rod group and one 

o t h e r  emergency c o n t r o l  rod assembly F a i l  t o  i n s e r t  i n t o  t h e  r e a c t o r  c o r e  

when r e q u i r e d  (based on t h e  ANO-1 IREP success  c r i t e r i o n  f o r  t h e  RPS). 

Contro l  rod assembl ies  can f a i l  t o  i n s e r t  because of scram b r e a k e r / r e l a y  

f a i l u r e s ,  r e l a y  f a i l u r e s  i n  t h e  RPS l o g i c ,  F a i l u r e s  i n  t h e  t r i p  p a r a n e t e r  

s i g n a l  p r o c e s s i n g  equipment,  mechanical  F a i l u r e s  i n  t h e  CRDMs, o r  

combfnat ions  of f a i l u r e s  o f  t h i s  equipment e 

2.2.2 Scram System Equipment F a i l u r e  Modes 

The scram system at  ANO-1 c o n s i s t s  of t h e  fo l lowing  types  of equipment: 

scram b r e a k e r s ,  scram r e l a y s ,  c o n t r o l  r e l a y s ,  l o g i c  modules, b i s t a b l e  t r i p  

s t r i n g s ,  t r i p  parameter  i n s t r u m e n t a t i o n ,  g a t e  d r i v e s ,  s i l i c o n - c o n t r o l l e d  

r ec t i f i e r s  c o n t r o l  rods ,  and c o n t r o l  rod d r i v e  mechanisms. This  s e c t i o n  

d e s c r i b e s  each of t h e s e  types  of equipment and t h e i r  f a i l u r e  modes of 

i n t e r e s t  f o r  t h i s  a n a l y s i s .  
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Scram Rreakers/ReEays 

The RPS has  two t y p e s  of scram c i r c u i t  b reake r s :  ac b reake r s  ( b r e a k e r s  

A and B ,  F i g u r e  2.1) and d u a l  dc b r e a k e r s  ( b r e a k e r s  C 1  and C2 and DP and 

D 2 ,  F igu re  2 - 1 ) -  The RE'S a l s o  has  six dc scram r e l a y s  t o  i n t e r r u p t  

c o n t r o l  power to  t h e  g a t e  d r i v e s .  These b r e a k e r s / r e l a y s  c o n s i s t  of a 

c o n t a c t  set and a normally e n e r g i z e d ,  so lenoid- type  d e v i c e  t h a t  ho lds  t h e  

c o n t a c t s  c losed .  The b r e a k e r s l r e l a y s  are spr ing- loaded  t o  open when 

de-energized.  F a i l u r e  o f  a scram b r e a k e r l r e l a y  occurs  whenever t h e  

s o l e n o i d  c o i l  i s  de-energized and t h e  c o n t a c t s  remain c losed .  

Con t ro l  Relays 

The RPS uses c o n t r o l  r e l a y s  t o  t r a n s m i t  shutdown v o t e s  from t h e  

b i s t a b l e  t r i p  s t r i n g s  t o  the  redcctor t r i p  modules. The relays are 

so leno id - type  d e v i c e s  t h a t  c o n t r o l  t h e  c o n t a c t  sets i n  t h e  r e a c t o r  t r i p  

modules; they  vo te  f o r  shutdown by t r a n s f e r r i n g  open. The c o n t r o l  r e l a y s  

are normal ly  ene rg ized  c l o s e d  and are spr ing- loaded  t o  open when 

de-energized. A c o n t r o l  r e l a y  f a i l u r e  occur s  whenever a r e l a y  f a i l s  t o  

open when t h e  s o l e n o i d  i s  de-energized. 

Logic  Modules 

Each t r i p  l o g i c  module f o r  t h e  IWS c o n s i s t s  of a d u a l ,  two-out-of-four 

matrix of normal ly  c l o s e d  c o n t a c t s  ( F i g u r e  2.3). F a i l u r e  of a r e a c t o r  t r i p  

l o g i c  module occurs  whenever t h r e e  of t h e  f o u r  c o n t a c t s  i n  both m a t r i c e s  of 

c o n t a c t s  s t i c k  c losed .  
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B i s t a b l e  T r i p  S t r i n g s  

Each b i s t a b l e  t r i p  s t r i n g  c o n s i s t s  of 10 t r i p  r e l a y s  ( c o n t r o l l e d  by 

t r i p  parameter  s i g n a l s )  and 1 channel  r e l a y ,  A l l  11 r e l a y s  are o f  t h e  same 

des ign  and o p e r a t e  l i k e  t h e  scram r e l a y s .  F a i l u r e  of a b i s t a b l e  t r i p  

s t r i n g  occur s  whenever a l l  b i s t a b l e  t r i p  r e l a y s  t h a t  should t r i p  (g iven  an 

upse t  c o n d i t i o n )  s t i c k  c losed  or  when t h e  one channel  t r i p  r e l a y  s t i c k s  

c losed  . 
T r i p  Parameter I n s t r u m e n t a t i o n  

The t r i p  parameter  i n s t r u m e n t a t i o n  f o r  t h e  RPS c o n s i s t s  of s e n s o r s ,  

s i g n a l  c o n d i t i o n i n g  e l e c t r o n i c s ,  and s i g n a l  comparators. S i g n a l s  €rom RPS 

s e n s o r s  moni tor ing  seven c o n d i t i o n s  i n  t h e  n u c l e a r  steam supply  system--or 

combinat ions of t h e s e  s ignals--open t h e  b i s t a b l e  t r i p  r e l a y s .  F a i l u r e  of 

t r i p  parameter  i n s t r u m e n t a t i o n  occurs  i f  t he  s i g n a l  comparator  set p o i n t  

f o r  t h e  t r i p  parameter  is out of t o l e r a n c e  o r  i f  t h e  s i g n a l ( $ )  f eed ing  t h e  

signal.  comparator i s  i n c o r r e c t l y  h igh  o r  low (depending on t h e  t r i p  

parameter). I n c o r r e c t  h igh  o r  l o w  s i g n a l s  r e s u l t  from s e n s o r s  and s i g n a l  

c o n d i t i o n i n g  e l e c t r o n i c s  ( d e t e c t o r  power s u p p l i e s ,  a m p l i f i e r s ,  f u n c t i o n  

g e n e r a t o r s ,  c o n t a c t  mon i to r s ,  b r idge  networks,  and s i g n a l  c o n v e r t e r s )  

f a i l i n g  h igh  or  l o w .  

Many of t he  s e n s o r s  i n  t h e  RPS send s i g n a l s  t o  mre than  one b i s t a b l e  

t r i p  r e l a y .  The sensors and t h e i r  a s s o c i a t e d  signal process ing  equipment 

t h a t  f eed  more than  one b i s t a b l e  t r i p  r e l a y  may cause one b i s t a b l e  t r j p  

r e l a y  t o  f a i l  i n  an unsa fe  mode ( c l o s e d )  and ano the r  b i s t a b l e  t r i p  r e l a y  t o  

f a i l  I n  a s a f e  mode (open). For example, the r e a c t o r  coolan t  pressure.  

s e n s o r  f eeds  t h e  b i s t a b l e  t r i p  relays f o r  bo th  h igh  and low r e a c t o r  coo lan t  
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p r e s s u r e ,  Thus, t h e  p r e s s u r e  s e n s c r  f a i l i n g  high r e s u l t s  i n  f a i l u r e  of t h e  

t r i p  parameter  i n s t r u m e n t a t i o n  f o r  l o w  r e a c t o r  c o o l a n t  p r e s s u r e ,  but  i t  

a l s o  t r i p s  t h e  r e a c t o r  v i a  the b i s t a h l e  t r i p  r e l a y  f o r  r e a c t o r  c o o l a n t  high 

p r e s s u r e .  T r i p  parameter  i n s t r u m e n t a t i o n  f a i l u r e s  t h a t  cause  any b i s t a b l e  

t r i p  r e l a y  t o  f a i l  i n  a safe mode here n e g l e c t e d  i n  t h i s  a n a l y s i s .  

Gate Dr ives  

The RPS g a t e  d r i v e s  d i s t r i b u t e  dc  c o n t r o l  power t o  t h e  s i l i c o n -  

c o n t r o l l e d  r e c t i f i e r s .  Each g a t e  d r i v e  has  s i x  o u t p u t  l e g s ,  and each 

output  l e g  c o n t r o l s  six s i l i c o n - c o n t r o l l e d  r e c t i f i e r s .  F a i l u r e  of a g a t e  

d r i v e  occurs  i f  any o u t p u t  l e g  t r a n s m i t s  an "on"' s i g n a l  t o  t h e  s i l i c o n -  

c o n t r o l l e d  r e c t i f i e r s  when all o u t p u t  l e g s  should t r a n s m i t  "'off" s i g n a l s .  

S i l i c o n - c o n t r o l l e d  R e c t i f i e r s  

The s i l i c o n - c o n t r o l l e d  r e c t i f  i z r s  t ransform ac power t o  dc power t o  

d r i v e  t h e  CRDMs of t h e  r e g u l a t i n g  rod group assemblies .  F a i l u r e  of t h e  

s i l i c o n - c o n t r o l l e d  r e c t i f i e r s  f o r  a r e g u l a t i n g  rod group occurs  i f  any 

r e c t i f i e r  s u p p l i e s  power when a l l  rect i f iers  should be of f .  This  type  of 

f a i l u r e  would r e s u l t  i n  t h e  e n e r g i z e d  CRDMs hold ing  a r e g u l a t i n g  rod group 

out  of t h e  r e a c t o r  core .  

CRDMs/Control Rods 

A CRDM provides  f o r  c o n t r o l l e d  withdrawal  and i n s e r t i o n  of a c o n t r o l  

rod assembly i n t o  t h e  r e a c t o r  core .  The c o n t r o l  rods (16 rods i n  each 

c o n t r o l  rod assembly) c o n t a i n  neutron a b s o r b e r  material and are used t o  

control .  r e a c t o r  power. A mechanical fault i n  a CRaM (o r  i n  the  c o n t r o l  

rods)  t h a t  p r e v e n t s  t h e  c o n t r o l  rod assembly from dropping i n t o  t h e  r e a c t o r  

c o r e  c o n s t i t u t e s  a f a i l u r e  of t h e  component(s). 
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2 . 3  T r a n s i e n t  Initiating Events 

A t r a n s i e n t  i n i t i a t i n g  event  i s  an upse t  c o n d i t i o n  i n  the  n u c l e a r  steam 

supply system t h a t  r e q u i r e s  p r o t e c t i v e  a c t i o n  by t h e  scram system and/or  

o t h e r  s a f e t y  s y s  terns. T r a n s i e n t  i n i t i a t l n g  e v e n t s  are important  because 

t h e y  can cause  r e a c t o r  core  meltdowns i f  t h e  scram system o r  o t h e r  s a f e t y  

systems f a i l .  

There are s e v e r a l  important  a n t i c i p a t e d  t r a n s i e n t  i n i t i a t i n g  events  f o r  

p r e s s u r i z e d  water   reactor^.^ However, t h e  t r a n s i e n t  i n i t i a t i n g  e v e n t s  t h a t  

i s o l a t e  t h e  r e a c t o r  from normal c o o l i n g  systems are most important  t o  t h i s  

s t u d y  because,  if n o t  c o n t r o l l e d ,  they can r e s u l t  i n  a l a r g e  p r e s s u r e  rise 

i n  t h e  r e a c t o r  t h a t  could  d i s a b l e  t h e  emergency c o o l i n g  systems and 

t h r e a t e n  t h e  i n t e g r i t y  of t h e  r e a c t o r  coolan t  system p r e s s u r e  boundary. 

These t r a n s i e n t  i n i t i a t i n g  e v e n t s  have t h e  g r e a t e s t  l i k e l i h o o d  of 

occurrence  and t h e  most s e v e r e  p o t e n t i a l  consequences should t h e  scram 

system f a i l .  

This  s t u d y  analyzed t h e  r e l i a b i l i t y  of t h e  r e a c t o r  p r o t e c t i o n  system 

under t h e  c o n d i t i o n  t h a t  e i t h e r  a t u r b i n e  t r i p  o r  l o s s  of main feedwater  

t r a n s i e n t  i n i t i a t i n g  event  has  occurred.  These e v e n t s  are t h e  most 

3 f r e q u e n t  t r a n s i e n t  i n i t i a t i n g  e v e n t s  f o r  p r e s s u r i z e d  water r e a c t o r s .  

E i t h e r  of t h e s e  t r a n s i e n t  i n i t i a t i n g  e v e n t s  can r e s u l t  i n  l o s s  of normal 

c o o l i n g  t o  t h e  r e a c t o r  core.  

A t u r b i n e  t r i p  t r a n s i e n t  i n i t i a t i n g  e v e n t  i n i t i a l l y  a f f e c t s  t h e  

f o l l o w i n g  RPS t r i p  parameters :  

h i g h  r e a c t o r  c o o l a n t  tempera ture  

8 h i g h  r e a c t o r  c o o l a n t  p r e s s u r e  

0 a n t i c i p a t o r y  t u r b i n e  t r i p  
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And a l o s s  of main feedwater  t r a n s f e r i t  i n i t i a t i n g  event  i n i t i a l l y  affects  

t h e s e  t r i p  parameters: 

e h i g h  re.actor coo lan t  temperature 

a h i g h  r e a c t o r  coolant p r e s s u r e  

(r a n t i c i p a t o r y  feedwater  pump t r i p  

For ch i s  s tudy ,  we assumed t h a t  i f  e i t h e r  a t u r b i n e  t r i p  or l o s s  o€ main 

feedwater  t r a n s i e n t  i n i t i a t i n g  event  occurs,  no o t h e r  RPS t r i p  parameters  

w i l l  be a f f e c t e d  soon enough t o  e f f e c t  a r e a c t o r  scram p r i o r  t o  t h e  r e a c t o r  

coo lan t  s y s  tern ove r p  res su r i  z i n g  . 

, 
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3. QUALITATIVE ANALYSIS 

The q u a l i t a t i v e  a n a l y s i s  of t h e  AMQ-1 scram system involved t h r e e  

s t e p s :  

1. f a u l t  tree modeling 

2. minimal c u t  set d e t e r m i n a t i o n  

3. Common cause c a n d i d a t e  i d e n t i f i c a t i o n  

The q u a l i t a t i v e  a n a l y s i s  i d e n t i f i e d  minimal c u t  sets f o r  hardware f a i l u r e s ,  

and i t  provided l i s t s  of common cause  c a n d i d a t e s  f o r  t h e  TOP e v e n t ,  “Scram 

System F a i l s  t o  Achieve a S a t i s f a c t o r y  Reactor  Shutdown When Required.‘O 

This  i n f o r m a t i o n  provides  i n s i g h t  i n t o  how t h e  scram system can f a i l ,  and 

t h e  minimal c u t  sets and common cause c a n d i d a t e s  were used as i n p u t  t o  t h e  

4 subsequent  q u a n t i t a t i v e  a n a l y s i s .  W e  used t h e  COMCAN I11 computer program 

t o  per€orm both  t h e  q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s e s  of t h e  scram 

system f a u l t  tree. 

3.1 F a u l t  Tree Modeling 

A f a u l t  t ree w a s  used t o  model t h e  f a i l u r e  l o g i c  f o r  t h e  scram system 

TOP event .  Scram system f a i l u r e  can r e s u l t  from an  a p p r o p r i a t e  combination 

of scram breaker  and scram r e l a y  f a i l u r e s ,  from mechanical f a i l u r e s  of t h e  

c o n t r o l  rods o r  CRDMs, or  from a combination of breaker/i-elay and c o n t r o l  

rod f a i l u r e s .  F igure  3.1 i l l u s t r a t e s  t h e  top  l e v e l  f a u l t  events  t h a t  can 

cause scram system f a i l u r e s .  

Appendix A i s  a d e t a i l e d  f a u l t  tree of t h e  ANO-1 scram system. This  

f a u l t  tree was developed u s i n g  t h e  s a m e  methodology t h a t  w a s  used i n  the  

WASH-1400 (Ref. 5)  and t h e  ANO-1 IREP studies.6 However, i t  c o n t a i n s  
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s i g n i f i c a n t l y  more d e t a i l  t han  t h e  ANO-,l I R E P  f a u l t  tree. Component 

f a i l u r e s  have been expanded and new e v e n t s  have a l s o  been added t o  t h e  

f a u l t  tree. For example, t h e  f a u l t  t ree  i.n Appendix A i n c l u d e s  a l o g i c a l  

devel.opment of f a i l u r e s  of t h e  r e a c t o r  t r t p  modules (F igu re  2.1)  and 

combinat ions of c o n t r o l  rod and scram b r e a k e r  f a i l u r e s  t h a t  can c o n t r i b u t e  

t o  scram system f a i l u r e s .  

The e x t e n s i v e  modeling of t h e  scram system i n  Appendix A provided t h e  

l e v e l  of d e t a i l  needed f o r  performing a thorough independent  f a i l u r e  

a n a l y s i s  and a thorough common c a u s e  f a i l u r e  a n a l y s i s .  However, t h i s  

d e t a i l e d  f a u l t  t ree  has  n e a r l y  c u t  sets and i s  t o o  l a r g e  t o  

e f f i c i e n t l y  p rocess  u s i n g  COMCAN 111. Thus, t h e  d e t a i l e d  f a u l t  t ree 

r e q u i r e d  m o d i f i c a t i o n s  t o  reduce t h e  number of p o s s i b l e  c u t  sets t o  be 

cons ide red  i n  t h e  CCFA. These m o d i f i c a t i o n s  inc luded  s t r e a m l i n i n g  t h e  

l o g i c  i n  s e c t i o n s  of t h e  f a u l t  tree and r e p l a c i n g  s e v e r a l  s e c t i o n s  of f a u l t  

t ree l o g i c  w i t h  s i n g l e  b a s i c  even t s .  Ca r ry ing  o u t  t h e s e  m o d i € i c a t i o n s  

r e q u i r e d  extreme care t o  e n s u r e  no l o s t  i n f o r m a t i o n  f o r  the common cause 

f a i l u r e  a n a l y s i s .  

Appendix B is  t h e  reduced f a u l t  t ree  of t h e  ANO-1 scram system. Th i s  

tree r e f l e c t s  t h e  fo l lowing  m o d i f i c a t i o n s :  

1. F a i l u r e  of each c h a n n e l ' s  t r i p  parameter 
i n s t r u m e n t a t i o n  ( r e p r e s e n t e d  i n  t h e  d e t a i l e d  f a u l t  
tree by a n  AND g a t e  w i t h  10 p o s s i b l e  i n p u t s )  i s  
r e p r e s e n t e d  by a s i n g l e  b a s i c  event .  

2.  M u l t i p l e  b a s i c  e v e n t s  i n p u t  t o  OR g a t e s  are 
c o n s o l i d a t e d  i n t o  s i n g l e  b a s i c  e v e n t s .  

3.  W e  assumed t h a t  o p e r a t o r s  would not  manually t r i p  
t h e  c o n t r o l  r e l a y s  t o  t h e  SCKs. 
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4 .  The two-out-of - t h r e e  f a i l u r e  l o g i c  f o r  t h e  
r e g u l a t i n g  rod group power s u p p l i e s  ( E  and F scram 
r e l a y s ,  g a t e  d r i v e s ,  and s i l i c o n - c o n t r o l l e d  
r e c t i f i e r s )  i s  s t r e a m l i n e d .  

A s  a r e s u l t  of M o d i f i c a t i o n  1 ,  we modeled only  t h o s e  t r i p  parameter  

f a i l u r e s  t h a t  are a p p r o p r i a t e  f o r  t h e  t r a n s i e n t  i n i t i a t i n g  e v e n t  

under c o n s i d e r a t i o n .  For  example, when a l o s s  of main feedwater  i n i t i a t i n g  

event  was analyzed ,  a s i n g l e  b a s i c  event  i n  t h e  reduced f a u l t  tree 

r e p r e s e n t s  f a i l u r e  of t h e  h i g h  r e a c t o r  coolan t  tempera ture ,  h i g h  r e a c t o r  

c o o l a n t  p r e s s u r e ,  and main feedwater  pump t r i p  parameter  i n s t r u m e n t a t i o n .  

S i m i l a r l y ,  M o d i f i c a t i o n  2 combined s e v e r a l  basic e v e n t s  whose components 

are l o c a t e d  i n  t h e  same room i n t o  a s i n g l e ,  c o n s o l i d a t e d  b a s i c  event. 

All f o u r  m o d i f i c a t i o n s  r e s u l t e d  i n  no l o s s  of i n f o r m a t i o n  f o r  e i t h e r  

t h e  q u a l i t a t i v e  CCFA or  

common cause f a i l u r e s  1, 

sets t o  be analyzed ( t o  

t h e  q u a n t i t a t i v e  a n a l y s i s  ( independent  f a i l u r e s  and 

and t h e y  s c b s t a n t i a l l y  reduced the number of c u t  

less t h a n  l o 4 ) .  

3 .2  Minimal Cut Set  Determination 

From t h e  reduced f a u l t  t ree,  t h e  COMCAN HI1 computer program Ident-iELed 

2265 minimal c u t  sets f o r  t h e  ANO-1 scram system TOP event .  The minimal 

c u t  sets ranged i n  s i z e  from two-event c u t  sets t o  s ix-event  c u t  sets. A l l  

two-event minimal c u t  sets involve  combinat ions of scram b r e a k e r / r e l  ay 

f a i l u r e s .  About h a l f  of t h e  three-event  minimal c u t  sets c o n t a i n  scram 

b r e a k e r / r e l a y  f a i l u r e s .  The o t h e r  three-event  minimal c u t  sets and the 

higher-order  minimal c u t  sets c o n t a i n  combinations of scram r e l a y ,  power 

supply  (SCR) ,  c a b l e ,  and CRDM f a i l u r e s .  
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S i n c e  t h e s e  minimal c u t  sets were obta lned  from t h e  reduced f a u l t  tree, 

t h e  b a s i c  e v e n t s  i n  many of t h e  c u t  sets r e p r e s e n t  m u l t i p l e  component 

f a i l u r e s .  These c o n s o l i d a t e d  b a s i c  e v e n t s  and t h e  minimal c u t  sets can be 

expanded t o  r e f l e c t  s p e c i f i c  component f a i l u r e s  i f  d e s i r e d .  But expansion 

w i l l  i n c r e a s e  t h e  number of minimal c u t  sets of each o r d e r  ( e . g . ,  1 

two-event c u t  set could become 10 two-event c u t  s e t s ) .  Expanding t h e  c u t  

sets g i v e s  no a d d i t i o n a l  common cause  f a i l u r e  informat ion;  t h e r e f o r e ,  t h e  

c u t  sets were n o t  expanded f o r  t h i s  a n a l y s i s .  

3 .3  Common Cause Candidate  I d e n t i f i c a t i o n  

A common cause f a i l u r e  a n a l y s i s  i d e n t i f i e s  s i n g l e  causes ,  or  e v e n t s ,  

t h a t  can produce m u l t i p l e  component f a i l u r e s  t h a t  can subsequent ly  r e s u l t  

i n  system f a i l u r e .  I n  h i g h l y  redundant systems,  such as n u c l e a r  power 

p l a n t  scram sys tems,  common cause  f a i l u r e s  are o f t e n  s i g n i f i c a n t  

c o n t r i b u t o r s  t o  t h e  system’s f a i l u r e  p r o b a b i l i t y .  

We used a modif ied g e n e r i c  cause  approach29’-l0 and t h e  COMCAN 111 

computer program4 t o  perform t h e  common cause  f a f l u r e  a n a l y s i s  of t h e  ANQ-1 

scram system. Based on t h i s  approach,  a minimal c u t  se t  f o r  t h e  scram 

system TOP event  must meet one of t h e  fo l lowing  c r i t e r i a  t o  be cons idered  a 

common cause candida te :  

1 .  A l l  members of t h e  minimal c u t  se t  must be 
s u s c e p t i b l e  t o  t h e  same g e n e r i c  type  of envi-ronment 
and must be i n  a common l o c a t i o n  w i t h  respect t o  
t h a t  environment (e.g., t h e  scram b r e a k e r s  are a l l  
s u s c e p t i b l e  t o  v i b r a t i o n  and a r e  a l l  l o c a t e d  i n  t h e  
computer room). 

2. A l l  members of t h e  minimal c u t  set must have a 
common l i n k  ( i . e . ,  a c o n d i t i o n  a s s o c i a t e d  with t h e  
components such as component manufac turer ,  t h e  



29 

maintenance crew charged w i t h  component upkeep, or 
t h e  procedures  used f o r  component maintenance that 
can t r a n s g r e s s  p h y s i c a l  b a r r i e r s  1- 

Common c a u s e  c a n d i d a t e s  a c c o r d i n g  t o  t h e  f i r s t  c r i t e r i o n  are l o c a t i o n -  

dependent ,  and common cause  c a n d i d a t e s  accord ing  t o  t h e  second c r i t e r i o n  

are loca t ion- independent .  The COMCAN 111 computer program i d e n t i f i e d  

common cause c a n d i d a t e s  accord ing  t o  each of t h e  above c r i te r ia .  
* 

I d e n t i f y i n g  common cause  f a i l u r e s  f o r  t h e  q u a l i t a t i v e  a n a l y s i s  of t h e  

ANO-I scram system involved  t h e  fo l lowing  t h r e e  s t e p s :  

1 .  c o l l e c t i n g  and p r e p a r i n g  t h e  d a t a  t o  be i n p u t  t o  
COMCAN I11 

2. i d e n t i f y i n g  common cause f a i l u r e s  u s i n g  COMCAN 111 

3. i d e n t i f y i n g  r o o t  cause e v e n t s  

3.3.1 

I n  a d d i t i o n  t o  t h e  f a u l t  tree, COMCAN 111 r e q u i r e d  i n p u t  data on 

Input Data for COMCAN I11 

component p h y s i c a l  l o c a t i o n s ,  component s u s c e p t i b i l i t i e s  t o  g e n e r i c  types  

of environments ,  p l a n t  b a r r i e r s  t o  g e n e r i c  t y p e s  of environments,  and o t h e r  

f a c t o r s  t h a t  can l i n k  components. The component p h y s i c a l  l o c a t i o n s ,  t h e  

component s u s c e p t i b i l i t i e s ,  t h e  p l a n t  b a r r i e r s ,  and t h e  f a u l t  t ree  are t h e  

d a t a  needed by COMCAN I11 f o r  i d e n t i f y i n g  common cause  c a n d i d a t e s  by t h e  

The COMCAN I11 computer program i d e n t i f i e d  approximately 30 common 
cause c a n d i d a t e s  f o r  t h e  ANO-1 scram system. I n  t h e  i n t e r e s t  of 
m a i n t a i n i n g  a t r a c t a b l e  a n a l y s i s ,  xe d i d  not a t tempt  t o  I d e n t i f y  p a r t i a l  
common cause  c a n d i d a t e s .  

* 
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f i r s t  c r i t e r i o n  ( locat ion-dependent) .  The f a u l t  t ree and common l i n k s  f o r  

components are t h e  d a t a  needed by COMCAN I11 f o r  i d e n t i f y i n g  common cause  

candida tes  by t h e  second c r i t e r i o n  ( l o e a t ~ o n - i n d e p e n d e n t  1 The remainder 

of S e c t i o n  3 . 3 . 1  d i s c u s s e s  t h e  d a t a  r e q u i r e d  by COMCAN 111 i n  more d e t a i l .  

Component Loca t ions  

ANO-1 scram system components are l o c a t e d  i n  t h e  computer room, t h e  

c o n t r o l  room, t h e  p e n e t r a t i o n  rooms, and t h e  r e a c t o r  bu i ld ing .  Table  C.2, 

Appendix C ,  l i s t s  each reduced f a u l t  tree b a s i c  event  and t h e  l o c a t i o n  of 

t h e  component t h a t  i s  d e f i n e d  by t h e  basic.  event .  

Component S u s c e p t i b i l i t i e s  

Component s u s c e p t i b i l i t i e s  ( f o r  t h i s  s t u d y )  a r e  g e n e r i c  types  of 

environments t h a t  can cause  components t o  f a i l .  The follow’ing a ided  our  

i d e n t i f i c a t i o n  of g e n e r i c  types of environments t h a t  can f a i l  scram system 

components : 

1. a review of s e v e r a l  hundred l i c e n s e e  event  r e p o r t s  
( L E R s )  on scram system f a i l u r e s  

2. a l i t e r a t u r e  review of common cause f a i l u r e  a n a l y s i s  
methods 

3.  d i s c u s s i o n s  wi th  ANO-1 personnel  

When m u l t i p l e  component f a i l u r e s  were c o n s o l i d a t e d  i n t o  s i n g l e  b a s i c  

e v e n t s  t o  reduce t h e  complexity of t h e  f a u l t  tree, t h e  new s i n g l e  b a s i c  

event  assumed a l l  t h e  s u s c e p t i b i l i t i e s  of t h e  m u l t i p l e  component f a i l u r e s  

t h a t  i t  r e p r e s e n t s  i f  t h e  c o n s o l i d a t i o n  w a s  through an OR g a t e .  I f  t h e  

c o n s o l i d a t i o n  w a s  through an AND g a t e ,  the new basic event  assumed o n l y  t h e  
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s u s c e p t i b i l i t i e s  shared by a l l  of t h e  component f a i l u r e s  t h a t  the  bas i c  

event  represents .  Appendix D l i s t s  each bas i c  event t h a t  appears i n  the  

reduced f a u l t  tree and the  secondary f a i l u r e  s u s c e p t i b i l i t i e s  f o r  t h e  b a s i c  

event  

P lan t  Barriers 

A p lan t  b a r r i e r  is a phys ica l  o b s t r u c t i o n  o r  s epa ra t ion  t h a t  confines  

the e f f e c t s  of a gene r i c  environment wi th in  t h e  boundaries e s t a b l i s h e d  by 

the b a r r i e r .  P l an t  b a r r i e r s  de f ine  t h e  domains of t h e  generic 

environments. I n  t h i s  a n a l y s i s ,  th2 w a l l s  of rooms i n  t h e  ANO-1 p lan t  act  

as b a r r i e r s  t o  most gener-lc enviro-iments. Only the  e x t e r i o r  door of t h e  

computer room i s  not a b a r r i e r  t o  impact and corrosion g e n e r i c  

environments; a l l  o the r  doors and wal ls  a r e  b a r r i e r s  t o  these  two gener ic  

environments. With one except ion ,  w a l l s  a r e  a l s o  b a r r i e r s  t o  p lan t  

i n t e r n a l  v i b r a t i o n  events .  (The f l o o r  s epa ra t ing  the  computer room from 

t h e  c o n t r o l  room is  not  a b a r r i e r  t o  p lan t  Cnternal  v i b r a t i o n  e v e n t s , )  

There are, however, no barriers anywhere i n  the  p l a n t  t o  e x t e r n a l  v i b r a t i o n  

events  (ear thquakes) .  F igure  3.2  i d e n t i f i e s  the  p l an t  b a r r i e r s  def ined f o r  

t h i s  study. (One b a r r i e r  is not shown i n  Figure 3 . 2 :  a f i r e  w a l l .  i n  t h e  

computer room between t h e  ac  and dc scram breakers . )  

Common Links 

The t e r m s  "common l i n k s "  and " s p e c i a l  condi t ions"  are used 

in te rchangeably  throughout t h e  remainder of t h i s  r epor t ;  they r e f e r  to any 

f a c t o r s  t h a t  c l o s e l y  l i n k  components so  the  combined p r o b a b i l i t y  of the 

component f a i l u r e s  is  g r e a t e r  than the product of the independent component 
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f a i l u r e  p r o b a b t l i t i e s  e Three common l i n k s  and s p e c i a l  c o n d i t i o n s  were 

d e f i n e d  f o r  t h i s  s tudy:  

1. common power supp ly  

2. common c o o l i n g  water supply  

3. similar  p a r t s  

I f  a l l  components i n  a minimal c u t  se t  have a common link o r  s p e c i a l  

c o n d i t i o n ,  l o*  l 1  t h e  minimal c u t  s e t  i s  i d e n t i f i e d  as a common cause 

candida te .  P h y s i c a l  b a r r i e r s  betwsen components do not  e l i m i n a t e  common 

l i n k s  and s p e c i a l  c o n d i t i o n s ;  t h e r e f  o r e ,  common l i n k s  and spec ia l .  

c o n d i t i o n s  d e f i n e  common cause c a n d i d a t e s  t h a t  are locat ion-independent .  

The r u l e s  f o r  e v a l u a t i n g  common l i n k s  and s p e c i a l  c o n d i t i o n s  when 

c o n s o l i d a t i n g  m u l t i p l e  component f a i l u r e s  into s i n g l e  b a s i c  e v e n t s  are t h e  

same as t h e  r u l e s  f o r  e v a l u a t i n g  g e n e r i c  s u s c e p t i b i l i t i e s .  Appendix D 

l is ts  t h e  common l i n k s ,  o r  s p e c i a l  c o n d i t i o n s ,  f o r  each b a s i c  event  t h a t  

appears i n  t h e  reduced f a u l t  t ree of t h e  ANO-1 scram system. 

3.3.2 I d e n t i f i c a t i o n  of Cornon Cause Failures 

COMCAN 111 used t h e  f o l l o w i n p  procedure t o  i d e n t i f y  common cause  

c a n d i d a t e s  f o r  t h e  ANO-1 scram system a n a l y s i s :  

1. It s e l e c t e d  a g e n e r i c  e n v i r o n m e n t / l o c a t i o n  OK a 
common l i n k  f o r  a n a l y s i s .  

2. T t  i d e n t i f i e d  t h e  b a s i c  e v e n t s  i n  t h e  f a u l t  t ree 
t h a t  are i n  t h e  se lec ted  l o c a t i o n  and are 
s u s c e p t i b l e  t o  t h e  g e n e r i c  environment o r  t h a t  have 
t h e  common l i n k  ( o r  special  c o n d i t i o n ) .  These b a s i c  
e v e n t s  were t r e a t e d  as f a i l e d  and a l l  o t h e r  basic 
e v e n t s  were t r e a t e d  as not  f a i l e d .  
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3. It determined t h e  minimal c u t  sets. These c u t  sets 
are common cause  c a n d i d a t e s  f o r  t h e  s p e c i f i e d  
g e n e r i c  envi ronment / loca t ion  o r  common l i n k .  

This  procedure w a s  repea ted  u n t i l  every  g e n e r i c  enui ronment / loca t ion  2nd 

common l i n k  was  analyzed.  

3 .3 .3  I d e n t i f i c a t i o n  of Root Cause Events 

The f i n a l  s t e p  i n  t h e  q u a l i t a t i v e  CCFA w a s  i d e n t i f y i n g  root  cause  

events .  A r o o t  cause event  i s  a s p e c i f i c  mechanism d e f i n i n g  t h e  o r i g i n  of 

a g e n e r i c  environment o r  common l i n k  t h a t  produces 2 comiiion cause f a i l u r e  e 

For example, a r o o t  cause  e v e n t  t h a t  could l e a d  t o  a high-temperature  

environment i n  a room could be t h e  f a i l u r e  of t h e  room's a i r  c o n d i t i o n e r .  

A number of d i f f e r e n t  r o o t  cause  e v e n t s  can produce t h e  same g e n e r i c  

environment i n  a p a r t i c u l a r  l o c a t i o n  o r  a f f e c t  t h e  scram system through t h e  

same common l i n k .  For example, e i t h e r  t u r b i n e  imbalance o r  d i e s e l  

g e n e r a t o r  v i b r a t i o n  can cause v i b r a t i o n  i n  t h e  c o n t r o l  room and t h e  

computer room. A l l  r o o t  cause  e v e n t s  t h a t  produce t h e  same g e n e r i c  

environment i n  t h e  same l o c a t i o n  have t h e  same e f f e c t  on t h e  scram system. 

S i m i l a r l y ,  all r o o t  cause e v e n t s  t h a t  a f f e c t  t h e  system through the same 

common l i n k  have t h e  same e f f e c t  on t h e  system. 

Our common cause f a i l u r e  a n a l y s i s  was s t r e a m l i n e d  by c o n s i d e r i n g  types 

of r o o t  cause  events  t h a t  a f f e c t  t h e  scram system b e f o r e  we i d e n t i f i e d  and 

analyzed more s p e c i f i c  root  c a u s e  events .  (That i s ,  we cons idered  a l l  

e v e n t s  t h a t  could cause v i b r a t i o n  i n  t h e  c o n t r o l  room as one t y p e  of root  

cause  event  f o r  a n a l y s i s . )  No time w a s  wasted a n a l y z i n g  r o o t  cause events  

t h a t  had no p o t e n t i a l  t o  cause scram system f a i l u r e s .  
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T h i s  s t u d y  i n v e s t i g a t e d  p o t e n t T a l  r o o t  cause  e v e n t s  a s s o c i a t e d  w i t h  

ANQ-1 scram system f a i l u r e s  f o r  both g e n e r i c  environments and common l i n k s .  

We i d e n t i f i e d  p o t e n t i a l  r o o t  cause  e v e n t s  by (1) performing w a l k - t h r o u g h  

of t h e  containment p e n e t r a t i o n  roons,  t h e  computer room, and t h e  c o n t r o l  

room; ( 2 )  i n v e n t o r y i n g  equipment and personnel  i n  each of t h e s e  areas; and 

( 3 )  determining  whether equipment f a i l u r e s  and personnel  e r r o r s  i n  t h e s e  

areas could produce t h e  g e n e r i c  envi ronment (s )  of i n t e r e s t .  Equipment 

f a i l u r e s  and personnel  e r r o r s  t h a t  could produce t h e  g e n e r i c  envi ronment (s )  

of concern w e r e  l i s t e d  as r o o t  cause  e v e n t s ,  LER reviews,  t h e  p l a n t  v i s i t ,  

and d i s c u s s i o n  w i t h  ANO-1 personnel  helped determine t h e  p o t e n t i a l  r o o t  

cause  e v e n t s  t h a t  should be cons idered  i n  t h e  d e t a i l e d  r e l i a b i l i t y  a n a l y s i s  

of t h e  scram system. 

3.4 Q u a l i t a t i v e  CCFA R e s u l t s  

The scram system common cause  f a i l u r e  a n a l y s i s  i d e n t i f i e d  common cause 

c a n d i d a t e s  f o r  17 g e n e r i c  e n v i r o n m e n t / l o c a t i o n  combinations and 12 common 

l i n k s  ( 4  of which are s i m i l a r  parts!. A l l  common cause c a n d i d a t e s  c o n t a f n  

c o n s o l i d a t e d  b a s i c  e v e n t s  t h a t  could have been expanded t o  provide  more 

d e t a i l  on s p e c i f i c  component f a i l u r e s .  Expanding t h e  cornon cause 

c a n d i d a t e s  w a s  not  n e c e s s a r y  f o r  performing t h e  q u a n t i t a t i v e  CCFA; 

t h e r e f o r e ,  t h e  c a n d i d a t e s  were not expanded. 

Tables  3.1,  3 .2,  and 3.3 E s t  t h e  g e n e r i c  envi ronment / loca t ion  

combinat ions,  common l i n k s ,  and similar p a r t s  t h a t  produce t h e  common cause 

c a n d i d a t e s ,  and t h e  t a b l e s  a l s o  i d e n t i f y  p o t e n t i a l  r o o t  cause e v e n t s  f o r  

each of t h e s e  event  types .  Most of t h e  r o o t  cause  e v e n t s  i n  t h e s e  t a b l e s  

are ANO-1 p l a n t - s p e c i f i c .  
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T a b l e  3.1 CCFA Qualitative Results - Generic Environments 

Firelcontrol room Instrumentation overheats 

Grit 1 comput er room ABS filters fail, construction 
activities 

Grit/control room Construction activities 

Gritlcontainment 

Noisturelcomputer room A/C fails, roof leaks 

Moisturelcontrol room 

Vibration/compu ter room 
and control room 

Diesel generators, turbine 
imbalance 

Vibrationlcontainment 

Vibrationlwhole plant Ear t hguake 

Temperaturelcomputer room A/C fails, transformers 
overheat 

Temperaturelcontrol room ------- 
Cor r o s i on I c ompu t e r room Hydrazine drums leak 

I-----_ Corrosionlcontrol room 

I___--_ Corrosionlcontainment 

------- Impact /computer room 

_------ Impactlcontrol room 

--__--_ Impact /containment 

aA dashed line indicates that no likely potential root cause events(s) 
for the associated generic environment/location was identified during our 
search for these events. The quantitative common cause failure analysis 
results in Section 4 of this report reflect no contributions of these 
generic environment/location combinations to scram system failure 
frequenc€es. 
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Table  3.2 CCFA Q u a l i t a t i v e  Resu l t s  - Common kinks 

Potential Root 
Common Link Cause Events 

Cooling water ICWS pump f a i l u r e  

ac bus 8 1  Power surge  

RC bus f 2  Power surge 

de bus 81, 
Channel A v i t a l  ac bus AA, and 
Channel C v i t a l  ac bus AC 

dc bus # 2 9  
Channel B vital ac bus AB, and 
Channel D v i t a l  ac bus AD 

ac bus # 1 ,  dc bus 111, 
Channel A v i t a l  ac bus AA, 
Channel C v i t a l  ac bus AC, 
Channel A 1 5 V  dc power supply,  and 
Channel C 15V d c  power supply 

ac bus #2, dc bus #2, 
Channel B v i t a l  ac bus AB, 
Channel I) v i r a l  ac bus AD, 
Channel 13 1 5 V  dc power supply,  and 
Channel D 15V de power supply 

Power surge 

Power surge  

Power surge  

Power surge 

A l l  1 5 V  rlc power supp l i e s  Power surge 
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Table 3.3 CCFA Qualitative Results - Similar Parts 

Potential Root 
Similar Parts Cause Events 

ac /de breakers 

ac/dc relays 

CRDMs 

Cables 

Design error 
Installation error 
Maintenance error 
Manufacturing defect 

Design error 
Installation error 
Maintenance error 
Manufacturi.ng defect 

Design error 
Installation error 
Manufacturing defect 

Design error 
Installation error 
Manufacturing defect 
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Table 3.1 l i s t s  t h e  p o t e n t i a l  roo t  cause events  f o r  g e n e r i c  

environments, A dashed l i n e  i n  this  t a b l e  f o r  a p a r t i c u l a r  generdc 

environment/ locat ion i n d i c a t e s  one 43f two th ings :  (1) no root  cause event  

w a s  i d e n t i f i e d  f o r  t h e  environment/ locat ion o r  (2) t h e  roo t  cause even t ( s )  

i d e n t i f i e d  w a s  considered extremely unl ike ly .  F o r  example, we d id  not 

i d e n t i f y  any high-speed equipment, high-pressure p ip ing ,  o r  explos ive  

materials i n  t h e  computer room or c o n t r o l  room t h a t  could produce an impact  

environment. Thus, w e  l i s t e d  no .po ten t ia l  roo t  cause events  f o r  impact  

environments f o r  t hese  rooms. We a l s o  l i s t e d  no p o t e n t i a l  root  cause 

events  t h a t  could lead  t o  high-temperature environments i n  the  c o n t r o l  

room. The con t ro l  room has f o u r  independent a i r  condi t ion ing  systems, and 

we considered f a i l u r e  of a11 these  systems extremely unl ike ly .  A s  

i nd ica t ed  i n  the  foo tno te  t o  Table 3 . 1 ,  gene r i c  environment/ locat ions wi th  

no p o t e n t i a l  roo t  cause events  o r  with u n l i k e l y  root  cause events  were not  

cons-ldered i n  t he  q u a n t i t a t i v e  CCFA descr ibed  i n  the  next s e c t i o n  of t h i s  

r epor t .  

Table 3.2 l i s t s  the  common l i n k s  considered i n  t h i s  analysis that are 

not  s imi l a r  p a r t  common l i n k s .  Host of t hese  common l i n k s  are power 

supp l i e s ,  This  s tudy i n v e s t i g a t e d  combinations of power supply f a i l u r e s  

when the  power supp l i e s  were t i e d  t o  each o the r .  For example, A surge on 

dc bus D1 would a f f e c t  v i t a l  ac buses AA and AC. However, a surge 

a f f e c t i n g  t h e  scram system would r e q u i r e  f a f l u r e  of one or more overcur ren t  

p ro tec t ion  devices  (an u n l i k e l y  event) .  Fo r  t h i s  reason,  w e  did ~t 

consider  power surges  i n  our  q u a n t i t a t i v e  CCFA. A l o s s  of cool ing water t o  

t h e  CRDMs w a s  a l s o  not included i n  the  q u a n t i t a t i v e  CCFA. A l o s s  o f  
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cool ing  water would be immediately announced by s e v e r a l  alarms. We 

considered i t  very un l ike ly  f o r  t h i s  type of f a i l u r e  t o  go undetected (and 

uncorrec ted)  by opera tors  u n t i l  a f t e r  a scram system f a i l u r e  had occurred. 

Table 3 . 3  l is ts  the  s imi l a r  p a r t  common l i n k s  i d e n t i f i e d  i n  t h e  

q u a l i t a t i v e  CCFA and the root  cause events  t h a t  could be r e spons ib l e  f o r  

t h e i r  f a i l u r e s .  Of t h e  root  cause events  l i s t e d  f o r  b reake r s l r e l ays ,  we 

consider  maintenance e r r o r s  t h e  most l i k e l y  con t r ibu to r s  t o  mul t ip l e ,  

s imi la r  p a r t  f a i l u r e s .  Pas t  nuc lear  power p lan t  opera t ing  experience with 

scram breake r s l r e l ays  suppor ts  t h i s  observat ion,  The o the r  root  causes 

events  l is ted--design,  i n s t a l l a t i o n ,  and manufacturing errors--are  less 

l i k e l y  c o n t r i b u t o r s  t o  mul t ip l e ,  similar p a r t  f a i l u r e s  of breakers  and 

relays because these  types of e r r o r s  should be i d e n t i f i e d  and cor rec ted  

during pre-operat ional  t e s t i n g  or e a r l y  p lan t  operat ion.  However, similar 

p a r t  f a i l u r e s  l i s t e d  i n  Table 3.3 can produce common cause f a i l u r e s  and are 

considered i n  t h e  q u a n t i t a t i v e  ana lys i s .  
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4 .  ~ ~ ~ ~ ~ ~ ~ ~ I V $  ANALYSIS 

The f requency  of ATWS is t h e  frequency of t r a n s i e n t s  t h a t  produce 

c o n d i t i o n s  r e q u l r i n g  r e a c t o r  t r i p  m u l t i p l i e d  by t h e  p r o b a b i l i t y  of f a i l u r e  

t o  scram (g iven  a t r a n s i e n t  h a s  occurred) .  This  s e c t i o n  d e s c r i b e s  t h e  

procedure for e s t i m a t i n g  t h e  p r o b a b i l i t y  of f a i l u r e  t o  scram, g i v e n  a 

t r a n s i e n t .  This  p r o b a b i l i t y  i s  t'ne time-averaged u n a v a i l a b i l i t y  of t h e  

scram system and i t  i n c l u d e s  c o n t r h b u t i o n s  from independent  f a i l u r e s  and 

from common cause  f a i l u r e s .  

4.1 Independent  F a i l u r e  Q u a n t i f i c a t i o n  

We used t h e  same approach t o  q u a n t i f y  t h e  independent hardware 

c o n t r i b u t i o n  t o  scram system u n a v a i l a b i l i t y  t h a t  w a s  used i n  t h e  ANQ-1 IREP 

s tudy, '  Components t h a t  are not  p e r i o d i c a l l y  t e s t e d  at  ANO-1 were ass igned  

u n a v a i l a b i l i t i e s  that are average  p r o b a b i l i t i e s  of f a i l u r e  per demand 

( c o n s t a n t s ) .  Components whose s a f e t y  €unct ions  are p e r i o d i c a l l y  t e s t e d  

were assumed t o  be working immediately a f t e r  a test and t o  f a i l  a t  a 

s p e c i f i e d  ra te  between tests. Fai . lures  are not  announced u n t i l  t h e  next  

test. The tes t  i n t e r v a l  i s  s h o r t  enough i n  a31 cases t h a t  a component's 

u n a v a i l a b i l i t y  i n c r e a s e s  l i n e a r l y  w i t h  t i m e ,  and i t s  average  u n a v a i l a b i l i t y  

i s  e q u a l  t o  t h e  component's f a i l u r e  rate times one-half of i t s  t e s t  

i n t e r v a l .  

All ANQ-1 p e r i o d i c a l l y  t e s t e d  camponerats are t e s t e d  once a month, and 

each of t h e  f o u r  channels  is o u t  of s e r v i c e  f o r  t e s t i n g  and maintenance a n  

average  of f o u r  hours  each month. The channel  tests were assumed e v e n l y  

s t a g g e r e d  so  t h e  average  U n a v a i l a b i l i t y  of a minimal c u t  set  c o n t a i n i n g  

f a i l u r e  o f  more than  one p e r i o d i c a l l y  t e s t e d  component is less than  t h e  
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product  of t h e  average u n a v a i l a b i l i t i e s  of t h e  components i n  t h e  c u t  set. 

This  s t u d y  approximated t h e  average  u n a v a t l a b i l i t y  of each minimal c u t  set 

w i t h  t h e  product  of t h e  average  u n a v a i l a b € l i t i e s  of t h e  b a s i c  e v e n t s  €n t h e  

c u t  set. 

F a i l u r e  d a t a  ( t a k e n  from WASH-1400) t h a t  were a p p l i c a b l e  € o r  

c a l c u l a t i n g  t h e  independent f a i l u r e  p r o b a b i l i t y  of each b a s i c  event  i n  t h e  

reduced ANO-1 scram system f a u l t  tree are presented  i n  Table  C . l  of 

Appendix C. Our average u n a v a i l a b i l i t y  estimate f o r  t h e  scram system due 

t o  independent f a i l u r e s  of components is 4.1 x This  is approximately 

equal  t o  t h e  u n a v a t l a b i l i t y  presented  i n  t h e  ANO-1 IREP s t u d y  f o r  t h e  scram 

system. Thus, t h e  d e t a i l e d  f a u l t  tree developed f o r  t h i s  s t u d y  produced 

r e s u l t s  t h a t  are c o n s i s t e n t  wi th  t h e  ANO-1 I E P  c a l c u l a t i o n s  of t h e  average  

u n a v a i l a b i l i t y  of t h e  scram system due t o  independent  hardware f a i l u r e s .  

Combinations of CRDM mechanical f a i l u r e s ,  combinations of RPS 

e lec t r ica l  equipment f a i l u r e s ,  and combinat ions of CRDM mechanical  f a i l u r e s  

I_ and RPS e lec t r ica l  f a i l u r e s  are r e s p o n s i b l e  f o r  t h e  independent f a i l u r e  

c o n t r i b u t i o n s  t o  scram system u n a v a i l a b i l i t y  ( F i g u r e  3 . 1 ) .  The e s t i m a t e d  

c o n t r i b u t i o n s  t o  t h e  average u n a v a i l a b i l i t y  from t h e s e  t h r e e  groups a r e  5.7 

x 10-"19, 4.06 x About 99% of t h e  scram 

system independent f a i l u r e  p r o b a b i l i t y  is a r e s u l t  of RPS e l e c t r i c a l  

component f a i l u r e s  ( i n  p a r t i c u l a r ,  scram b r e a k e r  f a i l u r e s ) .  

and 4.2 x 10-*, r e s p e c t i v e l y .  

Table  4.1 l is ts  t h e  scram system components whose independent f a i l u r e s  

are important  c o n t r i b u t o r s  t o  scram system u n a v a i l a b i l i t y .  T h i s  t a b l e  

i n c l u d e s  only  components w i t h  importances g r e a t e r  than  0.1. A component's 

u n a v a i l a b i l i t y  importance is t h e  p r o b a b i l i t y  t h a t  independent f a i l u r e  o f  

t h e  component c o n t r i b u t e s  t o  scram system u n a v a i l a b i l i t y ,  g i v e n  t h e  scram 
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Table 4.1 U n a v a i l a b i l i t y  Importance of Components i n  t h e  Scram Sys tem - 
Independent F a i l u r e s  

Component Import ancea 

RPBACPSC - scram breaker  A 499 

RPBBCPSC - scram breaker  R * 4 9 9  

RPBRClSC - scram breaker  C 1  .246 

RPBRC2SC - scram breaker  C2 246 

WBRDlSC - scram breaker  D1 .246 

RPBRD2SC - scram breaker  D2 .244 

aComponent importance is def ined  as the p r o b a b i l i t y  that a component 
c o n t r i b u t e s  to  scram system u n a v a i l a b i l i t y ,  given t h e  scram system is  
unavai lab le  due to independent f a i l u r e s .  
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system is  unavai lab le  due t o  independent f a i l u r e s .  As i nd ica t ed  i n  t h e  

t a b l e ,  t he  most important components i n  the  ANO-1 scram system are t h e  

A and B scram breakers .  The f o u r  scram breakers  used t o  i .ntersupt dc power 

t o  the CRDMs a r e  next .In importance. These s i x  components, i n d i v i d u a l l y  o r  

i n  combinations,  appear i n  about ha l f  of t he  three-event minimal c u t  sets 

and i n  a l l  of t he  two-event minimal cu t  sets i d e n t i f i e d  f o r  t h i s  ana lys i s .  

They a l s o  have high u n a v a i l a b i l i t i e s  (lO-a/breaker) r e l a t i v e  t o  o t h e r  scram 

system components. 

A s e n s i t i v i t y  s tudy on the  ac and dc scram breaker  u n a v a i l a b i l i t i e s  

determlned t h a t  t h e  scram system u n a v a i l a b i l i t y  i s  almost d i r e c t l y  

p ropor t iona l  t o  t h e  percent  change i n  t h e  breaker  u n a v a i l a b i l i t i e s  squared. 

For example, a 5% inc rease  i n  breaker  u n a v a i l a b i l i t y  changes i n  the  scram 

s y s t e m  u n a v a i l a b i l i t y  t o  approximately 4.5 x [(l.05)2 * (4.1 x 1Q-6)] .  

This p r o p o r t i o n a l i t y  i s  due t o  t h e  4 two-event minimal c u t  s e t s ,  a l l  of 

which are composed of scram breaker  f a i l u r e s ;  t hese  cu t  sets c o n t r i b u t e  

almost 98% t o  t h e  t o t a l  scram u n a v a i l a b i l i t y .  

4.2 Common Cause F a i l u r e  Q u a n t i f i c a t i o n  

The average u n a v a i l a b i l i t y  of t he  ANO-1 scram s y s t e m  due s o l e l y  t o  

common cause f a i l u r e s  w a s  es t imated using t h e  fol lowing equat ion:  

where 

AI = t h e  f a i l u r e  rate app l i cab le  t o  roo t  cause event  
type I, 
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TI = 

P(FII) = 

N =  

Each type of 

t h e  average f a u l t  exposure t i m e  ( t h e  average 
t i m e  per iod between scram system f a i l u r e  and 
f a i l u r e  d e t e c t i o n  and c o r r e c t i o n )  f o r  scram 
system f a i l u r e  r e s u l t i n g  from root  cause event 
type 1, 

t he  cond i t iona l  p r o b a b i l i t y  of scram system 
f a i l u r e ,  given root cause event type I 

t h e  number of root cause event  types of 
i n t e r e s t .  

root  cause event  wi th  t h e  p o t e n t i a l  t o  cause a scram 

system f a i l u r e  makes a con t r ibu t ion  t o  the  system's  f a i l u r e  rate t h a t  i s  

equal  t o  t h e  product of t he  roo t  cawe event type f a i l u r e  rate (81) and the  

appropr i a t e  cond i t iona l  p r o b a b i l i t y  of scram s y s t e m  f a i l u r e ,  given the  

occurrence of t h a t  type of root  cause event P(Fj1) .  This  product,  AI 

P(Fl I) ,  t i m e s  t he  appropr i a t e  scram system f a u l t  exposure t i m e  (TI) i s  the  

time-averaged u n a v a i l a b i l i t y  of the  scram s y s t e m  due t o  the  Occurrence of 

root  cause event type I. 

For t h i s  s tudy ,  gene r i c  environments r e s u l t i n g  from the  root  cause 

events  were def ined  t o  be severe  enough t o  cause f a i l u r e s  of a l l  scram 

s y s t e m  equipment i n  t h e  l o c a t i o n  o f  the roo t  cause event. However, t he  

des ign  of t h e  e lec t r ica l  p o r t i o n  of t h e  scram s y s t e m  is such t h a t ,  i f  

equipment does f a i l  as a r e s u l t  of a root  cause event ,  i t  i s  more l i k e l y  t o  

f a i l  s a f e  than t o  f a i l  unsafe. Safe  f a i l u r e s  c o n t r i b u t e  t o  i nadve r t en t  

scrams. Unsafe f a i l u r e s  c o n t r i b u t e  t o  f a i l u r e  t o  scram when a scram i s  

required.  Thus, P ( F I 1 )  i s  not  n e c e s s a r i l y  1.0 even f o r  root  cause events  

t h a t  produce common c a m e  candida tes .  The fol lowing s e c t i o n  describes t h e  

methods used t o  estimate P(F I ) ,  Sec t ions  4.2.2 and 4.2.3 desc r ibe  the  

methods used t o  estimate TI and AI. 
I 
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4.2.1 C o n d i t i o n a l  Failure Frobabilities 

The c o n d i t i o n a l  p r o b a b i l i t y  of a b a s i c  event  occur rence  is t h e  

p r o b a b i l i t y  t h e  component d e f i n e d  by t h e  bassc  event  f a i l s  i n  t h e  unsafe  

mode, g iven  t h e  occurrence  of an a p p l i c a b l e  s o o t  cause event .  No d i r e c t l y  

a p p l i c a b l e  d a t a  were a v a i l a b l e  t o  estimate c o n d i t i o n a l  p r o b a b i l i t i e s  f o r  

t h e  b a s i c  events  i d e n t i f i e d  f o r  t h i s  a n a l y s i s .  Therefore ,  we used t h e  

f o l l o w i n g  procedure t o  estimate c o n d i t i o n a l  f a i l u r e  p r o b a b i l i t i e s :  

1. The WASH-1400 f a l l u r e  p r o b a b i l i t i e s  ( o r  f a i l - u r e  
rates) f o r  a l l  f a i l u r e  modes of a component type 
(e.g., r e l a y s  o r  c a b l e s )  were summed. T h i s  sum is  
an estimate of t h e  p r o b a b i l i t y  (or  f a i l u r e  r a t e )  t h e  
component type  e n t e r s  a f a i l e d  s t a t e  ( u n s a f e  
f a i l u r e s  and s a f e  f a i l u r e s  1. 

2. The p r o b a b i l i t y  ( o r  f a i l u r e  ra te)  a component type 
w i l l  f a i l  i n  one s p e c i f i c  u n s a f e  mode w a s  then 
d i v i d e d  by t h e  p r o b a b i l i t y  t h e  component type e n t e r s  
a f a i l e d  state.  T h i s  f r a c t i o n  i s  t h e  i n i t i a l  
estimate of t h e  c o n d i t i o n a l  f a i l u r e  p r o b a b i l i t y  f o r  
a b a s i c  e v e n t ,  given t h e  occurrence  of any type r o o t  
cause event .  

I n  some cases, c o n d i t i o n a l  f a i l u r e  p r o b a b i l i t y  estimates were a d j u s t e d  

based on e n g i n e e r i n g  judgment. Adjustments were made i n  t h e  absence of 

s u p p o r t i n g  da ta .  Appendix D p r e s e n t s  t h e  c o n d i t i o n a l  f a i l u r e  p r o b a b i l i t y  

estimate f o r  each b a s i c  e v e n t ,  f o r  each type  of r o o t  cause  e v e n t ,  

considered i n  the ANO-1 a n a l y s i s .  Appendix E p r o v i d e s  an example t h a t  

i l l u s t r a t e s  t h e  procedure for e s t i m a t i n g  t h e s e  c o n d i t i o n a l  f a i l u r e  

p r o b a b i l i t i e s .  

A l l  of t h e  common c a u s e  c a n d i d a t e s  a s s o c i a t e d  w i t h  a p a r t i c u l a r  type of 

r o o t  cause event  were used as i n p u t  t o  t h e  q u a n t i t a t i v e  a n a l y s i s  r o u t i n e  i n  
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CQMCAN 111. The bas i c  event  proba’b i l i t i es  used €o r  each c a l c u l a t i o n  were 

t h e  appropr i a t e  cond i t iona l  f a i l u r e  p r o b a b i l i t i e s .  The r e s u l t  of each 

c a l c u l a t i o n  w a s  an estimate--for a roo t  cause event type--of t he  

cond i t iona l  p r o b a b i l i t y  of f a i l u r e  t o  scram, given a p a r t i c u l a r  type of 

root  cause event P ( F f 1 ) .  This procedure w a s  repeated for each roo t  cause 

event  type. Tables 4 . 2  and 4 . 3  presen t  the  results of t hese  ca l cu la t ions .  

A s  i nd ica t ed  i n  Sec t ion  3 . 4  of t h i s  r e p o r t ,  s e v e r a l  common cause 

candida tes  were excluded from t h e  q u a n t i t a t i v e  a n a l y s i s  because t h e r e  were 

no l i k e l y  p o t e n t i a l  roo t  cause events  i d e n t i f i e d  f o r  them. For t h i s  

reason, Tables 4 . 2  and 4 . 3  do not  i nc lude  cond i t iona l  scram system f a i l u r e  

p r o b a b i l i t y  estimates €or  nine genes ic  environments/ locat ions i d e n t i f i e d  i n  

the  q u a l i t a t i v e  CCFA o r  f o r  e i g h t  common l i n k s  i d e n t i f i e d  i n  t h e  

q u a l i t a t i v e  CCFA. The excluded gene r i c  environments are as fol lows:  

moisture ,  temperature ,  co r ros ion ,  and impact  gene r i c  environments i n  t h e  

c o n t r o l  room; impact gene r i c  environments i n  the  computer room; and g r i t ,  

v i b r a t i o n ,  cor ros ion ,  and impact gene r i c  environments i n  containment. 

Cooling water f a i l u r e s  of t h e  CRDMs and power surges  of t h e  ac and de power 

supp l i e s  account f o r  t he  e i g h t  common l i n k s  included i n  t h e  q u a l i t a t i v e  

a n a l y s i s  but excluded from t h e  q u a n t i t a t i v e  ana lys i s .  

There are several  reasons why the nine gene r i c  environments were not 

q u a n t i t a t i v e l y  analyzed. Harsh temperature and moisture  environments were 

considered un l ike ly  f o r  the  c o n t r o l  room because t h e  room has four 

independent a i r  condi t ioners .  Corrosion and impact  environments f o r  t h i s  

room w e r e  not q u a n t i t a t i v e l y  analyzed because no roo t  cause events  w e r e  

i d e n t i f i e d  f o r  t h i s  environment/ locat ion.  
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Table 4.2 Scram System Conditional Failure Probabtlities - Generic 
Environments 

Generic 
Environment/Location 

Fire/control room 1.0 x 10-2 

Grit/computer room 

Gritlcontrol room 

Moisture/computer room 

Vibration/computer room 
and control room 

Ternperature/computer room 

Corrosion/computer room 

Vibration/whole plant 

1.0 

1.0 

4.6 x loB2 

. l l  

7 .5  x 10-2 

.74 

.93 

aCOMCAN I11 calculated these scram system PlFI 1)s using estimated 
failure data  for the basic events that were based primarily on engineering 
judgment. (See Appendices D and E.) 
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Table 4.3  Scram System Conditional Failure Probabilities - Common Links 

SirnSlar parts - ac/dc breakers 

Sitnilar parts - a d d c  relays 

Similar parts - CRDMs 

1,O 

1.0 

1.0 

Similar parts - cables 1.0 

aThese scram system P(F 1)s were calculated using es t imated  f a i l u r e  
data for the basic events that were based primrFLy on engineering 
judgment. 
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We d i d  not  estimate a scram system f a f l u r e  p r o b a b i l i t y  f o r  impact r o o t  

cause e v e n t s  i n  t h e  computer room because w e  i d e n t i f i e d  no p o t e n t i a l  r o o t  

causes  f o r  t1ii.s g e n e r i c  environment i n  t h e  computer room. 

For  t h e  containment b u i l d i n g ,  w e  i d e n t i f i e d  s e v e r a l  p o t e n t i a l  r o o t  

cause  e v e n t s  f o r  g r i t ,  v i b r a t i o n ,  c o r r o s i o n ,  and impact g e n e r i c  

environments.  However, we d i d  not  q u a n t i t a t i v e l y  a n a l y z e  t h e s e  types  of 

g e n e r i c  environments because t h e  r o o t  cause  e v e n t s  were n o t  cons idered  

l i k e l y  t o  a f f e c t  t h e  c a p a b i l i t y  of t h e  scram system t o  s h u t  down when 

requi red .  F a i l u r e s  of scram system equipment i n  containment 

(CRDMs and s e n s o r s )  are announced; t h u s ,  o p e r a t o r s  should c o r r e c t  t h e s e  

f a i l u r e s  ( o r  s h u t  down t h e  r e a c t o r )  b e f o r e  scram system f a i l u r e  occurs .  

Furthermore,  t h e  scram system equipment i n  containment i s  envi ronmenta l ly  

q u a l i f i e d  which reduces t h e  l i k e l i h o o d  of f a i l u r e  under h a r s h  environment 

c o n d i t i o n s .  Also,  t h e  amount of redundancy and s p a t i a l  d i s p e r s i o n  of scram 

system equipment i n  containment reduce t h e  l i k e l i h o o d  of a g e n e r i c -  

environment-caused system f a i l u r e  i n  containment.  

Cooling water common l i n k s  t h a t  a f f e c t  t h e  CRDMs were not  

q u a n t i t a t i v e l y  analyzed because f a i l u r e s  i n  t h e  cool ing  water system are 

immediately announced. Loss of c o o l i n g  water t o  t h e  CIWMs is announced v i a  

low-flow alarms on t h e  i n t e r m e d i a t e  c o o l i n g  water system and v i a  high- 

tempera ture  a larms on t h e  CRDM s t a t o r s .  Thus, o p e r a t o r s  should c o r r e c t  a 

l o s s  of c o o l i n g  water  s i t u a t i o n  b e f o r e  t h i s  common l i n k  could cause  O M  

f a i l u r e s .  

The o t h e r  common l i n k s  excluded from t h e  q u a n t i t a t i v e  a n a l y s i s ,  power 

s u r g e s ,  were not  analyzed i n  d e t a i l  s i n c e  t h e r e  are many devices  i n  t h e  

e l ec t r i ca l  c i r c u i t r y  t h a t  p r o t e c t  scram system equipment ( r e l a y s ,  b r e a k e r s ,  
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and l o g i c  c i r c u i t s )  from t h e  e f f e c t s  of a power surge.  A power surge  w i l l  

cause these  p r o t e c t i v e  devices  ( fuses  crowbars c i r c u i t  b reakers ,  and 

p r o t e c t i v e  r e l a y s )  t o  t r i p  apen, which i n  t u r n  w i l l  cause a r e a c t o r  scram, 

Based on es t imated  b a s i c  event  f a i l u r e  d a t a ,  t he  p r o b a b i l i t y  estimates 

of scram system fai lure--given a root  cause event--range from to 1.0, 

depending on t h e  type of root  cause event.  (See Tables 4.2 and 4 . 3 , )  For 

most root  cause event types ,  the cond i t iona l  p r o b a b i l i t y  of scram system 

f a i l u r e  i s  g r e a t e r  than 0.5. 

The system cond i t iona l  f a i l u r e  p r o b a b i l i t i e s  i n  these  t a b l e s  are high 

f o r  two reasons.  F i r s t ,  t h e  root  cause event ,  by d e f i n i t i o n ,  i s  severe  

enough t o  cause component f a i l u r e s .  Secondly, t he  es t imated  c o n d i t i o n a l  

p r o b a b i l i t i e s  of scram s y s t e m  cornporent f a i l u r e s  i n  the unsafe  mode, given 

a root  cause event ,  are r e l a t i v e l y  la rge .  

The scram system cond i t iona l  f a i l u r e  p r o b a b i l i t i e s  l i s t e d  i n  Tables 4.2 

and 4.3 con ta in  l a r g e  u n c e r t a i n t i e s .  Two reasons f o r  u n c e r t a i n t i e s  i n  

these  estimates are: 

1 .  The component c o n d i t i o n a l  p r o b a b i l i t i e s  of f a i l u r e  
used t o  c a l c u l a t e  P(FII) are estimates. 

2. The scram system f a u l t  t ree  may not inc lude  a l l  
c o n t r i b u t o r s  t o  scram system f a i l u r e  ( i . e . ,  we 
cannot guarantee  t h e  f a u l t  tree models a l l  
mechanisms of scram s y s t e m  f a i l u r e ) .  

Unce r t a in t i e s  i n  the  components' c:onditionaP f a i l u r e  p r o b a b i l i t i e s  a r e  

l a r g e  s i n c e  t h e  cond i t iona l  f a i l u r e  p r o b a b i l i t i e s  are based mainly on 

engineer ing  judgment. No hard d a t a  w e r e  a v a i l a b l e  i n  the 1 . i t e r a tu re  f ~ r  
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es t ima t ing  the  component cond i t iona l  f a i l u r e  p r o b a b i l i t i e s .  Other sources  

of unce r t a in ty  may a l so  exist .  

- Component Importance 

Tables 4 . 4  and 4.5 l is t  t h e  more important components i d e n t i f i e d  i n  the  

common cause f a i l u r e  a n a l y s i s  f o r  each type  of root cause event.  Component 

importance f o r  common cause f a i l u r e s  is def ined as the  p r o b a b i l i t y  t h a t  a 

component con t r ibu te s  t o  scram system u n a v a i l a b i l i t y ,  given t h e  scram 

system is  unavai lab le  due t o  the  occurrence of a p a r t i c u l a r  type of root  

cause event. Hand c a l c u l a t i o n  methods were used t o  c a l c u l a t e  component 

importances whenever the  scram system P(FI  I) f o r  a p a r t i c u l a r  roo t  cause 

event type w a s  g r e a t e r  than 0.1. (The automated rou t ines  i n  COMCAN I11 are 

based on "rare event" approximations,  and P ( F ( 1 ) s  g r e a t e r  than 0.1 are not 

rare events .  1 

Table 4.4 lists the  important components loca ted  i n  the  computer room 

f o r  t h e  types of root  cause events  (i.e.,  gene r i c  environments) considered 

i n  t h i s  ana lys i s .  For each gener ic  environment considered,  the  A and B 

scram breakers  a r e  the  most important components with r e spec t  t o  the  

a v a i l a b i l i t y  of t he  scram system. And, with the  except ion of t h e  v i b r a t i o n  

gener ic  environment, every common cause candida te  i d e n t i f i e d  f o r  each t y p e  

of gene r i c  environment i n  t h e  computer room con ta ins  one of these  two scram 

breakers.  Depending on the  gener ic  environment type,  e i t h e r  the  r egu la t ing  

rod power supp l i e s  o r  t h e  dc power i n t e r r u p t  scram breakers  (Cl, C2, D 1 ,  

and D2) are the  next most important components i n  the computer room, with 

respec t  t o  the  a v a i l a b i l i t y  of the  scram system. 
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Table 4 . 4  Unavailability Importance si Components i n  the Computer Room - 
Generic  Environments 

Generic 
Eravironment/Locatian Component Importance" 

G r i t  

Corrosion 

Moisture 

Temperature 

Scram breaker  A .5 
Scram breaker  B .5 
Scram breaker  C 1  . 2 3  
Scram breaker  62 . 2 3  
Scram breaker  D1 .23 
Scram breaker  D 2  .23 

Scrsm breaker  A .5 
Scram breaker  B .5 
Scram breaker  C1 . 2 2  
Scram breaker  C2 .22 
Scrsm breaker  D1 22 
Scrsm breaker  D2 .22  

Scram breaker  A e 50 
Scram breaker  B * 50 
Scr.sm breaker  C 1  D 2 2  
Scram breaker  @2 . 22  
Scram breaker  D 1  .22 

.22  Scram breaker  D2 

Scram breaker  A .50 
Scram breaker  B .50 
Regulat ing rod power .17b 

Scram breaker  @I .13 
Scram breaker  C2 . 1 3  
Scram breaker  D1 . 1 3  
Scram breaker  D2  . 1 3  

s u p p l i e s  E 2 ,  E 3 ,  E 4 $  
F2,  F 3 ,  F 4  
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Table 4 . 4  (cont inued)  

Gene r P  c 
Environment/Location Component Importance8 

Vibra t -Lon/ computer room Scram breaker  A 
and c o n t r o l  room Scram breaker  B 

Regulat ing rod power 
supp l i e s  E 2 ,  E 3 ,  E4, 
F2, F3, F4 

Channel t r t g  r e l a y  KA 
Channel t r i p  re lay  KB 
Channel t r i p  r e l a y  KC 
Channel. t r i p  r e l a y  KD 
Scram breaker  C 1  
Scram breaker  C2 
Scram breaker  D1 
Scram breaker  D2 

.37 

.37 

.14b 

.12 
b 12 
.12 
.12 
.ll 
.ll 
.ll 
.ll 

aComponent importance is def ined as the  p r o b a b i l i t y  t h a t  a component 
con t r ibu te s  t o  scram system u n a v a i l a b i l i t y ,  given the  scram system i s  
unavai lab le  due t o  t h e  occurrence of a p a r t i c u l a r  type of root  cause event.  

b n a v a i l a b i l i t y  importance per  power supply.  
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Table  4.5 l ists  the  important  components f o r  the t w o  types of root  

cause events  (gene r i c  environments) t h a t  generated common cause candida tes  

f o r  t h e  c o n t r o l  room. The channel f r P p  relays (KA, KB, KC, and w3) are the  

mst  important components i n  both gene r i c  environments fo r  t h e  con t ro l  

room. 

The important components f o r  one type of root  cause event (gene r i c  

environment) considered i n  the  q u a n t i t a t i v e  a n a l y s i s  a r e  not listed in 

Tables 4.4 o r  4.5. When t h e  e n t i r e  ANO-I p l an t  is exposed t o  a v i b r a t i o n  

environment, t h e  CRDMs are t h e  most important components w i t h  regard t o  

scram system a v a i l a b i l i t y .  The i r  importance is  0.97. The A and B scram 

breakers  are next i n  order  of impsrtance;  each breaker ' s  importance is 

0.26. N o  o the r  scram s y s t e m  component has an importance above 0.1 (with 

regard t o  an e n t i r e  p l an t  v i b r a t i o n  environment t h a t  could a f fec t  the  

a v a i l a b i l i t y  of t he  scram 

4.2.2 Fault Exposure 

system). 

Times 

The scram system's  average f a u l t  exposure t i m e  is the  average amount of 

t i m e  between scram system f a i l u r e  and t he  t i m e  the failure is de tec t ed  and 

correc ted ,  The f a u l t  exposure time as soc ia t ed  wi th  a scram syskem f a f l u r e  

i s  a func t ion  of t h r e e  th ings :  

1. t h e  p r o b a b i l i t y  t h e  f a i l u r e  or t h e  root  cause of 
f a i l u r e  i s  announced 

2. t h e  test  po l i cy  app l i cab le  t o  the system ( inc lud ing  
i n d i v i d u a l  channel test i n t e r v a l s  and the  method of 
s tagger ing  tests) 

3. the  p r o b a b i l i t y  t h e  fai:_ure is discovered by a res t  



56 

Table 4.5 Unavailability Importance of Components in the Control Room - 
Generic Environments 

Generic 
Environment/Location Component Import a n d  

Grit 

Fire 

Channel trip relay KA **b 
Channel trip relay KB **b 
Channel trip relay KC **b 
Channel trip relay KD **b 
Auxiliary control relays **b 

(16 relays) 
KA1, KA2,...KD3, KD4 

Channel trip relay KA 9 57 
Channel trip relay KB 0 57 
Channel trip relay KC 57 
Channel trip relay KD 57 

"Component importance is defined as the probability that a component 
contributes to scram system unavailability, given the scram system is 
unavailable due to the occurrence of a particular type of root cause event. 

that con- 
tained these components and because the rare event approximation does not 
apply to this problem, we were not able to estimate the importance of these 
components. 

bBecause there is a large number of common cause candidates 
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Scram system average  f a u l t  exposure times (TI) f o r  t h e  v a r i o u s  r o ~ t  cause  

event  types  (Tables  4 . 6  and 4.7)  are estimates based on our e v a l u a t i o n  of 

p l a n t  o p e r a t i n g  procedi i res  and d i s c u s s i o n s  w i t h  ANQ-1 personnel .  The 

u n c e r t a i n t . i e s  i n  t h e  TI v a l u e s  are n o t  as l a r g e  as t h e  u n c e r t a i n t i e s  i n  

mI I) 

4.2.3 Root Cause Event Frequencies 

The frequency of any t y p e  of r o o t  cause event  is t h e  sum of the 

f r e q u e n c i e s  of a l l  s p e c i f i c  r o o t  cause  events  of t h a t  type.  With t h e  

e x c e p t i o n s  of f i r e s  and s imilar  p a r t  f a i l u r e s ,  no informat-lon was  a v a i l a b l e  

in t h e  open l i t e r a t u r e  concern ing  Frequencies  of t h e  t y p e s  of r o o t  cause 

e v e n t s  i d e n t i f i e d  i n  t h i s  s tudy.  I n  many cases, i t  was p o s s i b l e  t o  

i d e n t i f y  v e r y  s p e c i f i c  r o o t  cause  e v e n t s  t h a t  could produce c o n d i t i o n s  

l e a d i n g  t o  common c a u s e  f a i l u r e  of t h e  scram system. However, it was not 

p o s s i b l e  t o  q u a n t i t a t i v e l y  a n a l y z e  such e v e n t s  i n  d e t a i l ,  w i t h i n  t h e  scope 

Of t h i s  s tudy.  

Consider  a scram sys tem f a i l u r e  that r e s u l t s  from h i g h  v i b r a t i o n  i n  the 

c o n t r o l  and computer rooms. The c n l y  i d e n t i f i e d  r o o t  cause e v e n t s  that  

wbuld produce h igh  v i b r a t i o n  l e v e l s  i n  t h e  c o n t r o l  and computer rooms are  

s t e a m  t u r b i n e  imbalances and emergency d i e s e l  g e n e r a t o r  imbalances.  An 

a n a l y s i s  of t h e s e  e v e n t s  t o  determine more s p e c i f i c  root  cause events and 

t h e  f requency  of t h e  root cause  e v e n t  t y p e  would have r e q u i r e d  (1) a 

d e f i n i t i o n  of an unacceptably h i g h  v i b r a t i o n  l e v e l ,  (2)  a thorough a n a l y s i s  

of t h e  emergency d i e s e l  g e n e r a t o r s  and t h e  steam t u r b i n e ,  and (3) an 

e v a l u a t t o n  of p o t e n t i a l  o p e r a t o r  i n t e r v e n t i o n  t h a t  might prec lude  an ATWS. 
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Table 4.6 Scram System Fault Exposure Times - Generic Environments 

Generic 
Environment/Location 

Firelcontrol room 1.0 x 10-2 <1 

Gritlcomputer room 1.0 84 

Gritlcontrol room 1.0 84  

Moisture/computer room 4.6 x 10-2 84 

Vibration/computer room 
and control room 

.ll 84 

Temperaturelcomputer room 7.5 x 10-2 84 

Corrosionlcomputer room .74  84 

Vibration/whole plant .93 360 

aFault exposure times less than one hour indicate that failure 
discovery arid corrective action would occur almost immediately after the 
root  cause event occurs. 
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Table 4.7 Scram System Fault Exposure Times - C Q ~ I W ~  Links 

Cornon Link N F  11) Ty (hr) 

S i m i l a r  parts - ac/dc breakers 1.0 84 

Similar parts - ac/dc relays 1 .o 84 

Similar  parts - CRDMs 1.0 84 

Similar parts  - cables 1 .o 8 4  
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Performing a more d e t a i l e d  q u a n t i t a t i v e  ana lys i s  t o  determine t h e  

frequency of root  cause event  types a t  ANQ-1 would have r e s u l t e d  i n  a more 

comprehensive a n a l y s i s  of t h i s  p l a n t ' s  scram system. But i t  would have 

cont r ibu ted  l i t t l e  t o  the  o v e r a l l  o b j e c t i v e  of t h i s  ana lys i s :  t o  

demonstrate the  use of a formal method f o r  common cause f a i l u r e  ana lys i s  of 

a scram system. The frequency of a root  cause event--such as f a i l u r e  of 

a l l  c o n t r o l  room cool ing  systems--is p l an t - spec i f i c  and the  resu l t s  of a n  

ana lys i s  of s p e c i f i c  root causes a t  ANO-1 would no t  n e c e s s a r i l y  apply t o  

o the r  scram system CCFAs.  All preceding r e s u l t s  of the  ana lys i s  documented 

here ,  however, are gene r i c  t o  B&W p l a n t s  wi th  scram sys tems l i k e  t h e  one a t  

ANO-1. 

Recause of the  d i f f i c u l t i e s  j u s t  descr ibed and the  d e s i r e  t o  make 

anal.ysis r e s u l t s  as gene ra l ly  app l i cab le  t o  B&W p l a n t s  as poss ib l e ,  we used 

the  fol lowing approach when ana lyz ing  root  cause events  a t  ANQ-1: 

1. We provided q u a l i t a t i v e  d e s c r i p t i o n s  of t he  types of 
roo t  cause events  of concern (Tables 3.1-3.3). 

2. We performed a s e n s i t i v i t y  a n a l y s i s  of scram system 
u n a v a i l a b i l i t y ,  with respec t  t o  roo t  cause event 
type frequency, t o  i d e n t i f y  important types of m o t  
cause events  . 

3. We es t imated  f requencies  f o r  t hese  important t y p e s  
of roo t  cause events .  

4 .  We ca lcu la t ed  scram sys t em u n a v a i l a b i l i t i e s  f o r  
these  important types of root  cause events.  

Tables 4 . 8  and 4 . 9  show the  r e s u l t s  o f  t he  s e n s i t i v i t y  ana lys i s .  These 

t a b l e s  conta in  es t imates  of the  scram system u n a v a i l a b i l i t y  f o r  each type 

of root  cause event of concern. Scram system u n a v a i l a b i l i t y  estimates are 
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Tablie 4.8 CCFA Quantitative Results - Sensitivity Analysis .for GenerLr, 
Environments 

Scram System Unavailability 

Fire/control room 2.2 -7a 1.1 -7 2.8 -8 1.1 -8 1.1 -9 

Cri t /compu ter room 1.9 -3 9.6 -4 2.4.-4 9.6 -5 9.6 -G 

Grit/control room 1.9 -3 9.6 -4 2.4 -4 9 .6  -5 9 ,6  -6 

Moisture/computer room 8.8 -5 4.4 -5 1.1 -5 4.4 -6 4.!+ -7 

Vibration/computer room 2.1 -4 1,l -4 2.6 -5 1.1 -5 1.1 -6 
and control room 

Temperature/computer room 1.4 -4 7.2 -5 1.8 -5 7.2 -4 7.2 -7 

Corrosion/computer room 1.4 -3 7.1 -4 1.8 -4 7.1 -5 7.1 -6 

Vibration/whole plant 7.6 -3 3.8 -3 9 . 5  -4 3 . 8  -4 3.8 -5 

a2.3 -7 = 2.3 x lon7 
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Table 4.9 CCFA Quantitative Results - Sensitivity Analysis f o r  Cornan 

Lfnks (Similar Parts) 

AI 
Simllar Part 2/yr . l/yr .025/yr .Ol/yr .001/yt 

Scram System Unavailability 

ac /dc breakers 1.9 -3a 9.6 -4 2.4 -4 9.6 -5 9.6 -6 

ac/dc relays 1.9 -3 9.6 -4 2.4 -4 9.6 -5 9.6 -6 

CRDMs 1.9 -3 9.6 -4 2.4 -4 9.6 -5 9.6 -6 

cables 1.9 -3 9 .6  -4 2.4 -4 9.6 -5 9.6 -6 
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based on r o o t  cause  e v e n t s  o c c u r r i n g  a t  ANO-1 on t h e  average  of 1 event  

e v e r y  5 y e a r s ,  e v e r y  10 y e a r s ,  e v e y  40 y e a r s  ( p l a n t  l -hfe t lme) ,  every  100 

y e a r s ,  and e v e r y  1000 years .  For example, t h e  e s t i m a t e d  scram system 

u n a v a i l a b i l i t y  is 1.8 x if high-temperature  environments i n  t h e  

computer room s e v e r e  enough t o  Caust? scram system f a i l u r e  (wi th  an average 

f a u l t  exposure t i m e  of 84 h o u r s )  occur  once every  40 years .  

A comparison of the  scram system u n a v a i l a b i l i t y  due t o  independent  

f a i l u r e s  (4.1 x w i t h  t h e  r e s u l t s  i n  Tables  4,8 and 4.9 provides  some 

q u a n t i t a t i v e  b a s i s  € o r  de te rmining  which types  of root  cause e v e n t s  a r e  

impor tan t  and r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  Rased on d a t a  i n  Table  4.8 

and documented d a t a  on the f requency  of f i r e s  i n  n u c l e a r  power p l a n t s ,  w e  

belleve f i r e s  i n  t h e  c o n t r o l  room need not  be analyzed i n  g r e a t e r  d e t a i l ,  

Even a t  an  occurrence  frequency of 1 f i r e  every  5 y e a r s ,  t h e  e s t i m a t e d  

scram system u n a v a i l a b i l i t y  due t o  a major f i r e  i s  less t h a n  10% of the 

scram system u n a v a i l a b i l i t y  due t o  a f i r e  caused by Independent fa i lures ,  

And accord ing  t o  NUREGICR-2258 , t h e  occurrence  frequency of f i r e s  i n  

n u c l e a r  power p l a n t  c o n t r o l  rooms i s  much less than once every  f i v e  years .  

(The documented f requency  is  approximate ly  3 e v e r y  1000 reac tor -years .  > 1 2  

This  l e n d s  a d d i t i o n a l  s u p p o r t  t o  our b e l i e f  t h a t  i n v e s t i g a t i n g  c o n t r o l  room 

f i r e s  is not  necessary .  

Using t h e  only  o t h e r  d a t a  documented i n  t h e  open l i t e r a t u r e  on t h e  

f requency  of r o o t  cause event  t y p e s ,  we determined t h a t  t h e  similar p a r t  

common l i n k  should be ana lyzed  i n  d e t a i l ,  The n u c l e a r  i n d u s t r y  has 

recorded two scram system f a i l u r e s  due t o  similar p a r t  f a u l t s  d u r i n g  i t s  

approximate ly  1000 r e a c t o r - y e a r  h i s t o r y .  The m o s t  r e c e n t  f a i l u r e  r e s u l t e d  

Erom t h e  W t r i p  a t tachment  b i n d i n g  on both RPS scram b r e a k e r s  at t h e  Sa lem 
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Unit 1 Plant. The binding was attributed to improper maintenance. The 

other failure resulted from all scram relays in the Kahl reactor sticking 

closed because a corrosion inhibitor coating on the relays was not properly 

cured. Based on these two incidents in 1000 reactor years, the scram 

system unavailability estimates in Table 4 .9  indicate that the similar part 

common link could be a significant contributor to scram system failure and 

that it requires further investigation. 

Since we found no data in the open literature on occurrence frequencies 

for the other types of root cause events considered in this study, we 

considered each of these root cause event types potentially important 

contributors to ANO-1 scram system unavailability. The final two steps in 

the root cause event analysis, then, involved estimating frequencies €or 

these potentially important types of root cause events and estimating scram 

system unavailabilities using these frequency estimates. 

Specifically, in the third step, we used two methods to estimate 

occurrence frequencies for root cause event types. For generic environment 

type root causes, we estimated occurrence frequencies based on the 

potential root cause events identified during our plant walk-throughs 

(Table 3 .1 )  and using engineering judgment. The occurrence frequencies for 

similar parts, on the other hand, were derived using a $-€actor method and 

the following equation: 

where 
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A S p , i  = t h e  o c c u r r e n c e  frequency of m u l t i p l e  

f a i l u r e s  of s f w i l a r  part i i 

X i  = t h e  f a l l u r e  rate of s imilar  part 1 

M 2 , i ;  N 3 , i ;  N4+,1 = t h e  number of two-event, t h r e e -  
e v e n t ,  and four-event  (o r  l a r g e r )  
minimal c u t  sets composed of on ly  
s i m i l a r  p a r t  i 

.02, . l ,  .2 = t h e  $- fac tors  f o r  t h e  second, t h i r d ,  
and f o u r t h  members of a minimal c u t  
set composed of similar p a r t s .  * 

W e  assumed a B-factor of 1.0 f o r  t h e  f i f t h  and s i x t h  members of a minimal 

c u t  set. We a l s o  assumed t h e  @ - f a c t o r s  were t h e  sa.me f o r  a l l  component 

types  e 

Table 4 , l O  l i s t s  t h e  frequency estimates f o r  t h e  r o o t  cause event  t y p e s  

of i n t e r e s t  in t h i s  a n a l y s i s  2nd t h e  corresponding scran system 

u n a v a i l a b i l i t y  estimates. The frequzncy estimates range from 5 x 10-2byr 

f o r  m o i s t u r e  and tempera ture  type  r o a t  came e v e n t s  i n  t h e  computer room to 

7 x 10-7/yr f o r  c a b l e s  (similar p a z t s ) .  The scram system u n a v a i l a b i l i t y  

estimates range from 1.8 x t o  5.7 x The t o t a l  estimated scram 

system u n a v a i l a b i l i t y  due t o  common 'cause f a i l u r e s  only  i s  5.2 x 

4 . 3  Quantitative CCFA R e s u l t s  

Based on t h e  u n a v a i l a b i l f t y  e s t i m a t e s  i n  T a b l e  4.10, all of t h e  

impor tan t  g e n e r i c  environment and one of t h e  similar p a r t  (ac/dc b r e a k e r s )  

These f3-factors were o b t a i n e d  from Attachment A t o  t h e  r e p o r t  e n t i t l e d  
Amendments t o  10 CFR 50 Rela ted  t o  A n t i c i p a t e d  T r a n s i e n t s  Without Seran 
(ATWS) Events.  (See Reference 1 3 . )  

* 



66 

Table 4.10 Scram System Unavailability Estimates by Root Cause Event Type 

Root Cause 
Event Type 

Scram System 
A, (yr-1) or Aspa Unavailability 

Grit/computer room 1.0 x 10-2 1.0 10-4 

Grit/control room 1.0 x 10-2 1.0 10-4 

Moisture/eomputer room 4.9 x 10-2 2.2 x 10-5 

Vibration/computer room 2 - 4  x 
and control room 

2.6 10-5 

Temperature/computer room 4.9 x 10’2 3.6 10-5 

Corrosion/computer room 2.4 x 1.8 10-4 

Vibration/whole plant 1.0 x 10-3 3.8 10-5 

ac/dc breakers 1.7 10-3 1.7 10-5 

ac/dc relays 3.3 x 10-6 5.0 X 

CRDM 

cables 

3.0 x 10-6 

L O  10-7 

3.4 x 10-9 

6.7 10-9 

aThese frequency estimates are based primarily OR engineering judgment; 
i n  some cases they were calculated using B-f actors. 
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roo t  cause event types are p o t e n t j a l l y  s i g n i f i c a n t  c o n t r i b u t o r s  t o  scram 

system u n a v a i l a b i l i t y .  The scram system u n a v a i l a b i l i t y  estinnates f o r  these 

root  cause event types are, €n some cases, as much as a f a c t o r  of 50 larger 

than  t h e  t o t a l  scram s y s t e m  u n a v a i l a b i l i t y  e s t ima te  due t o  independent 

f a i l u r e s .  Common cause f a i l u r e s  of t h e  scram system due t o  ac ldc  r e l a y ,  

CRDM, and cable  failures are not s l g n i f i e a n t  Cont r ibu tors  to scram systern 

u n a v a i l a b i l i t y .  



68 

This  s t u d y  developed a workable method f o r  q u a n t i t a t i v e  common cause 

f a i l u r e  a n a l y s i s  t h a t  produces u s e f u l  r e s u l t s  f o r  f ornnulatllng 

recommendations t o  improve system d e s i g n s ,  While t h e  method demonstrated 

h e r e  w a s  f o r  a common c a u s e  f a i l u r e  a n a l y s i s  of t h e  ANO-I scram system, its 

a p p l i c a t i o n  i l l u s t r a t e s  t h e  type  of d a t a  needed t o  q u a n t i f y  common cause  

f a i l u r e s  and t h e  g e n e r a l  q u a n t i t a t i v e  r e s u l t s  t h a t  can be expected from 

a n a l y s e s  of o t h e r  scram systems. 

Some o€ t h e  d a t a  used t o  perform t h e  q u a n t i t a t i v e  common cause  f a i l u r e  

a n a l y s i s  of t h e  ANO-1 scram system were based on e n g i n e e r i n g  judgment s l n c e  

s u p p o r t i n g  d a t a  were not  r e a d i l y  a v a i l a b l e .  If t h e  i n p u t  d a t a  used h e r e  

are reasonably  a c c u r a t e ,  t h e  CCFA q u a n t i t a t i v e  r e s u l t s  suppor t  s e v e r a l  

conclus ions .  

The most impor tan t  components i n  t h e  scram system--with r e s p e c t  t o  

system a v a i l a b i l i t y - - a r e  t h e  A and B scram breakers .  Each of t h e s e  

components has  t h e  h i g h e s t  importance i n  t h e  independent f a i l u r e s  case and 

i n  a l l  t h e  root  cause event  cases cons idered  for t h e  g e n e r i c  environments 

t h a t  can a f f e c t  t h e  computer room. These components a l s o  have t h e  h i g h e s t  

importances f o r  most of t h e  common l i n k s  i d e n t i f i e d  €or  t h i s  a n a l y s i s .  

E l e c t r i c a l  component f a i l u r e s  are t h e  dominant c o n t r i b u t o r s  (99%) t o  

t h e  scram s y s  tem's u n a v a i l a b i . l i t y  r e s u l t i n g  from independent  component 

f a i l u r e s .  E l e c t r i c a l  component f a i l u r e s  are a l s o  dominant c o n t r i b u t o r s  t o  

t h e  scram sys tem's  u n a v a i l a b i l i t y  r e s u l t i n g  from common cause events .  

R e s u l t s  from t h e  common cause  f a i l u r e  a n a l y s i s  of t h e  ANO-1 scram 

system i n d i c a t e  t h a t  comon cause f a i l u r e s  may be dominant c o n t r i b u t o r s  t o  

scram system u n a v a i l a b i l i t y  a t  o t h e r  n u c l e a r  power p l a n t s .  This  s tudy  
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i d e n t i f i e d  common cause  c a n d i d a t e s  f o r  29 gener4c-enuironment.- and common- 

l ink- type  f o o t  cause  events .  E i g h t  of t h e s e  common cause  e v e n t s  would 

i n d i v i d u a l l y  c o n t r i b u t e  more t o  scram system u n a v a i l a b i l i t y  than  t h e  

independent  f a t l u r e s  c o n t r i b u t e .  Documented n u c l e a r  power i n d u s t r y  

e x p e r i e n c e ,  such  as t h e  Kahl and S a l e m  r e a c t o r  scram system f a i l u r e s  

( s i m i l a r  p a r t  f a i l u r e  e v e n t s ) ,  suppor t  t h e  s i g n i f i c a n c e  of t h e s e  e i g h t  

e v e n t s  e 

We c a l c u l a t e d  t h e  c o n d i t i o n a l  p r o b a b i l i t i e s  of scram system f a i l u r e ,  

P (F)  I>, €or each of t h e  d i f f e r e n t  roo t  cause event  types  cons idered  us ing  

e s t i m a t e d  c o n d i t i o n a l  f a i l u r e  p r o b a b i l i t i e s  f o r  t h e  components. The 

e s t i m a t e d  p r o b a b i l i t i e s  are based p r i m a r i l y  on e n g i n e e r i n g  judgment, and, 

t h e r e f o r e ,  t h e s e  P(F1 I> v a l u e s  have l a r g e  u n c e r t a i n t i e s .  For  most r o o t  

cause event  t y p e s  c o n s i d e r e d ,  t h e  s y s  tern c o n d i t i o n a l  f a i l u r e  p r o b a b i l i t i e s  

are s e n s i t i v e  t o  j u s t  a few component f a i l u r e  p r o b a b i l i t i e s  ( i n  p a r t i c u l a r ,  

t h e  scram b r e a k e r s  and r e g u l a t i n g  rod power s u p p l i e s ) .  The u n c e r t a i n t i e s  

and s e n s i t i v i t i e s  a s s o c i a t e d  w i t h  t h e  f a i l u r e  p r o b a b i l i t i e s  should  be taken  

i n t o  c o n s i d e r a t i o n  when making d e - i s i o n s  based on t h e  r e s u l t s  of t h i s  

s tudy.  

A l l  r e s u l t s  presented  i n  t h i s  s t u d y ,  w i t h  t h e  e x c e p t i o n s  of t h e  

p o t e n t i a l  r o o t  cause  e v e n t s  and the f a u l t  e x p ~ s u r e  times (TI) ,  are g e n e r i c  

t o  Babcock and Wilcox n u c l e a r  power p l a n t s  w i t h  scram systems designed l i k e  

t h e  ANO-1 system. These r e s u l t s ,  combined w i t h  a p l a n t - s p e c i f i c  r o o t  cause  

a n a l y s i s ,  p rovide  t h e  d a t a  needed t o  q u a n t i f y  t h e  u n a v a i l a b i l i t y  of a 

Babcock and Wilcox scram system due t o  common cause  f a i l u r e s .  

Based on t h e  r e s u l t s  of t h l s  s t u d y ,  we recommend t h e  f o l l o w i n g  work. 
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Recommendation 1 

Perform common cause f a i l u r e  a n a l y s e s  of scram systems des igned  by 

o t h e r  NSSS vendors.  T h i s  s t u d y  i d e n t i f i e d  common cause  f a i l u r e s  as 

p o t e n t i a l  dominant c o n t r i b u t o r s  t o  scram system f a i l u r e  p r o b a b i l i t y .  The 

f a c t  t h a t  common cause f a i l u r e s  are p o t e n t i a l l y  dominant c o n t r i b u t o r s  t o  

scram system f a i l u r e  merits a n a l y z i n g  o t h e r  scram system des igns .  The 

r e s u l t s  of ana lyz ing  o t h e r  scram systems w i l l  suppor t  t h e  NRC's ATWS and 

EWIEP s t u d i e s .  

-___D__ 

Recommendatton 2 

Develop a procedure €or  i d e n t i f y i n g  and c a l c u l a t i n g  t h e  frequency of 

root  cause events .  I n  t h i s  s t u d y ,  we performed a p l a n t  walk-through t o  

i d e n t i f y  p o t e n t i a l  r o o t  cause  e v e n t s ,  and we e s t i m a t e d  r o o t  cause event  

f r e q u e n c i e s  us ing  p r € m a r i l y  e n g i n e e r i n g  judgment. A d e t a i l e d  r o o t  cause  

event  a n a l y s i s  procedure employing r e l i a b i l i t y  and d a t a  a n a l y s i s  

methods w i l . 1  ensure  a comprehensive t rea tment  of r o o t  cause e v e n t s  i n  o t h e r  

common cause  f a i l u r e  ana lyses .  

Recommendation 3 

I n v e s t i g a t e  the f e a s i b i l i t y  of c o l l e c t i n g  component d a t a  t o  de te rmine  

t h e  c o n d i t i o n a l  p r o b a b i l i t y  of a component f a i l u r e ,  g iven  a severe g e n e r i c  

environment . The c o n d i t i o n a l  f a i l u r e  p r o b a b i l i t i e s  of  components 

considered i n  t h i s  s t u d y  are estimates based on e n g i n e e r i n g  judgment. Data 

c o l l e c t i o n  e f f o r t s  i n  o t h e r  CCFAs should focus  on g e n e r i c  component types  

t h a t  f r e q u e n t l y  appear  i n  n u c l e a r  s a f e t y  systems. Thus, on ly  g e n e r i c  

environment d a t a  f o r  a few component types  need be c o l l e c t e d .  S e n s i t i v i t y  

s t u d i e s  t o  i d e n t i f y  more impor tan t  scram system components and r o o t  cause  
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event  ana lyses  t o  i d e n t i f y  important gene r i c  environments would provide t h e  

informat ion  necessary t o  l i m i t  d a t a  c o l l e c t i o n  e f f o r t s  i n  f u t u r e  CCFAs. 

Recommendation 4 

Develop methods f o r  perf  ormi ng an unce r t a in ty  a n a l y s i s  on the  

c o n d i t i o n a l  p r o b a b i l i t i e s  of scram system f a i l u r e ,  P(Fl  I), given a root  

cause event.  The unce r t a in ty  a n a l y s i s  methods may r equ i r e  the  a p p l i c a t i o n  

of s p e c i a l i z e d  Monte Car lo  techniques that  have t h e  c a p a b i l i t y  of 

prevent ing  component f a i l u r e  p r o b a b i l i t y  samples from exceeding 1.0 when 

the median f a i l u r e  p r o b a b i l i t y  i s  l a r g e  (as high as 0.9). 

Recommendation 5 

Update t h e  importance equat ions  i n  CObKAN 1 x 1  t o  allow f o r  c a l c u l a t i o n s  

t h a t  a r e  not based on "rare event" approximations.  The importance 

equat ions  i n  COMCAN 111 are based on rare event approximations,  and these  

approximations are not  v a l i d  when l a r g e  00.1) cond i t iona l  f a i l u r e  

p r o b a b i l i t i e s  are used. Manual c a l c u l a t i o n s  were performed i n  t h i s  s tudy  

f o r  more accu ra t e  r e s u l t s .  

Implementing t h e s e  five recommendations w i l l  enable  a n a l y s t s  t o  more 

a c c u r a t e l y  estimate scram system f a i l u r e  p r o b a b i l i t i e s  and ATWS f requencies  

f o r  l i g h t  water r eac to r  designs used i n  t he  U.S. commercial nuc lear  power 

indus t ry .  
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APPENDIX A 

DetaileE. Fault Tree 

of the ANO-1 Scram System 
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from BuLldhg 
Preemre Trip r Channel Y 

No open S W  
fron Building 
Presuure Trip 

channel y 

Ry pg. A-25 A 
BUfldiRg 
Presmra 
TK Ip 
Not 

Mf ectad 



A- 19 

Uo Trip Signal 
f rcm Pover/Flow 
Trip  ChaMfd y 

No Trip Signal 
fro¶ Coolant 
L o w  Pressure 

open s-1 
from Turbine 

Trip Ctwmel y 

pg. A-21) 
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Temper- 
ature 

Affected 

NO O p a  SigM1 
from Coolant 

High Temper8turc 
Trip C h a n a e l  y 

A p g .  A-30 

No T r i p  Signal 
from Qverpowr 
T r i p  Channel y 

u 

No T r i p  S i g n a l  
from C o o h t  a& 
P r e s s u r e  Cknnal 

a 

r-- 

1 n Xy pg. A-32 

dvcrpowr 
Trip  

Afftctd 
not 



A - 2  I 

No Open Sfgnal 
from Peedwater 
Trip Channel y 

I 
OR 

1. Channel y main feedwater pump "A" and "Bps 
switches s t i c k  open 

2. Channel y m a i n  fee2water p ~ p  t r i p  contact 
buffer f a i l s  - na t r i p  sagnal output 



A-22 

Compa x ison Tr i p  

1. 

2. 

3 .  

Channel y KTD f a i l s  - low temperature signal output 

Channel y KTD output cable  f a i l s  - low s igna l  

Channel y Rosemount linear br idge €a i l s  - low temperature 
Signal  O U t p t  

4. Channel y temperature test c i r c u i t  - bridge connectar 
r e l a y s  t r a n s f e r  c losed 

Channel y temperature test c i r c u i t  - s igna l  converter 
cab le  f a i l s  - low s i g n a l  

Channel y s t g n a l  converter  fails - low temperature 
s igna l  output 

5. 

6 .  

7. Channel y s i g n a l  converter  output cable  t o  P T 
comparator fails - low temperature s igna l  

Channel y power supply i n t o  t h e  br idge fails - low 
vol tage  

8 .  

Pressure  Signal is  High 

8 .  

10. 

CZaannel. y pressure sensor fails - high signal 

Clhannel y pressure test  c i r c u i t  - buffer  ampl i f ie r  
connector r e l a y s  t r a n s f e r  closed ( f a l s e  input s igna l )  

C h a n n e l  y pressure buffer  ampl i f ie r  f a a s  - incor rec t  
s igna l  (high) 

Channel y pressure  sensor power supply f a i l s  - wrong 
voltage 

P < T comparator fails - no t r i p  s igna l  Q U t p U t  

11. 

12. 

13. 

I 



A-23 

No Open Signal 
from Power/ 
Pumps T r i p  
Charnel y 

pg. A-17 

Lov Flux Signal 
fran Channel y 

Instrumentat ion 

pg. A-23 





1 
pg.  A-22 -- 

1. 

2 .  

Cbmel y f lux detector power supply f a i l s  - low voltage 

Channel y f lux detect& power suppfy  nutput cable fails - 
open circuit, grounded or degraded 

Channel y f lux detector (top and bottom) fails - low flux 3 e  

4. Channel y f lux detector output cables f a i l  - degraded 

5 .  Channel y l h e a r  amplifter (top) f a i l s  - l o w  f lux slgnal 

6 .  Channel y linear amplifier ( b ~ t t t ~ d  Palls - low f l u x  signal 

7. 

8 .  

Channel y flux summer ampl i f ie r  fails - Pow sfgnal output 

Channel y f lux  summer amplifier oufpua: cable fails - 
open c ircui t ,  grounded QPC degraded 

9 .  Charnel y linear amplifier (top) output cable fa i l s  - 

18. Channel y linear amplifier (bottom) output cable fails - 



A- 26 

from Bu lld ing 

Channel y reactor building bellows pressure sensor 
fails - l o w  

Channel Y reactor building bellows pressure sensox 
output cable f a i l s  - open circuit or l a w  signal 

Channel y reactor building pressure microswitch 
sticks open 

Channel y reactor building pressure comparator 
fails - no t r i p  sjlgnal output 



A-2 7 

No Open SfgnaH 
from Power/FBaw 
Trip Channel y 

OR 

1. 

2 .  

3.  

4. 

5 .  

5 .  

7. 

8. 

10 e 

11. 

12. 

13 e 

Channel y flux detector power supply  fal.Es - l o w  
voltage 

Channel y f lux detector power supply output sable fails - 
open C f g C U i t  Of: how Voltagi? 

Channel y flux detector fails ( t o p  and bottom) - low 
flux signal 

Channel y flux detector output cables (top and bottom) 
f a i l  - open circuit or low signal 

Channel + linear amplifier (top) faijls - low flux sTgna9 
output 

Channel y linear amplifier (bottom) fails - l o w  f l u x  
s ignal output 

Channel y linear amplifier (top) output  cable f a i l s  - 
low flux signal 

Channel y linear amplifier (bottom) output cable faus  - 
low flux signal 

Channel y difference arnplsber f a i l s  - Bow output 
signal 

Channel y difference ampl i f ier  output cable f a i l s  - 
low signal output 

Channel y DPfl sensor f a i l s  - hfgh s igna l  

Channel y DIP112 sensor fafit; - hfgh signal 

Channel y f l o w  test circuit: connector r e l ay  to 
extractor transfers closed 



A-28 

pg. ~ - 1 8  No Open Signal  
from PowerlFlow 
Trip Channel y 

I 
OR 

14. Channel y DP#l sensor buffer  ampl i f ie r  f a i l s  - high 
s i g n a l  

15. Channel y DP#2 sensor buf fer  amplif ier  f a i l s  - high 
s i g n a l  

Channel y flow ex t r ac to r  b l  fails - high s igna l  

Channel y flow ex t r ac to r  82 fails - high. s igna l  

Channel y flow summer ampl i f ie r  fails - high s igna l  

Channel y funct ion generator  fails - no trig s i g n a l  

Cbnnel y func t ion  generator  suegut cable fails - 
no t r i p  s i g n a l  

Channel y power/flow comparator fails - no t r i p  s i g n a l  
output 

16. 

17. 

18. 

19. 

20. 

21. 



1. Channel y turbine switch s t i c k s  open 

2. Channel Y turbine trip contact buffer 
f a i l s  - na trip sfgnal output. 

, 
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Pressure T r i p  
Channel y 

I -- 
OR 

I. Channel y pressure sensor fails - high s ignal  

2. Channel y pressure test c i rcu i t  - buffer a m p l i f i e r  
connector relays transfer closed 

3 .  Channel y pressure buffer amplifier fails - hcorrect 
s ignal  (high) 

4 .  Channel y l a w  coolant pressure comparator f a f l s  - no 
t r i p  signal output 

5. Channel y pressure sensor power supply falls - wrong 
voltage 

- 



A-3 1 

1. Channel y RTD fails - l o w  temperature signal 

2, Channel y RTa output cable f a l l s  - grounded QIC 

3 .  Channel y Rosemount linear bridge fails - law 
temperature signal output 

4. Channel y temperature. test c i r c u i t  - bridge 
connection relays trarrsf er closed 

5 .  Channel y temperature test circuit - signal 
couverter cable fails - grounded or: l o w  signal  

8 .  Channel y temperature comparator falls - no trip 
signal output 

9. Channel y power supply fnta bridge faf fs  - 



A-32 

-- 
N o  Open Signal 

Pressure  T r i p  
Channel y 

p g -  A-19 from Coolant High 

1. Ctinnel y pres su re  sensor  f a i l s  - low pres su re  

2. Channel y pres su re  sensor  output  c a b l e  f a i l s  - 
grounded o r  low signal 

Channel y pres su re  test  c i r c u i t  - buf fe r  a m p l i f i e r  
connector r e l a y  t r a n s f e r s  closed 

Channel y pres su re  b u f f e r  a m p l i f i e r  fails - 
incorrect s i g n a l  ( low)  

Channel y pres su re  b u f f e r  a m p l i f i e r  output  cab le  
f a f l s  - grounded o r  l o w  s i g n a l  

Channel y high  coolan t  p re s su re  corngarator falls - 
no t r i p  s i g n a l  ou tput  

Chamel y pres su re  sensor  power supply f a i l s  - 

3. 

6 .  

5 .  

6 .  

7. 
wrong voltage 



pg A-19 No Open Signal  
from Overpower 
T r l p  Channel y 

---. - 
_--_ 

1. Channel y flux detector power s u p p l y  f a l l s  - l o w  v ~ l - t a g e  

2. Channel. y f l u x  d e t e c t o r  power s u p p l y  o u t p u t  cable Fal ls  - 
open c i r c u i t ,  groundPd o r  h w  voltage 

3. Channel y flux detector f a l l s  ( t Q p  and bottom chambers) - 
l o w  flux sigma1 

4 .  Channel y flux detector o u t p ~ t  cab3.e~ fail - o p e t i  e%r@uit 
or low signal 

5 ,  Channel y l inear  aanpl i f ie r  [ top> faits - l o w  f l u x  signal 

6. Channel y llnear anapl j f ie r  :bottom) faUs - l o w  f l u x  
signal output 

7. Channel y f l u x  summer ampPXfier  f a a s  -I Low signal 

8 .  Channel y f l u x  summer ;nrrPglif%ier o u t p u t  cable f a i l s  - 
open. circull: or  Pow s i g n a l  

Pow s ignal  
9. Channel y linear a m p l i f t e r  Ctop) o u t p u t  s a b l e  f a l l s  - 

10, Channel y l h e a r  amplffier (bsttcemB o u t p u t  cable faBPs - 
low signal 

11. Channel y flux comparator fails - no t r i p  sfgntll o u t p u t  





Reduced Fault Tree 

0-1 Scram System 
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c 17 

Reactor Protection 
Sys tem (RPS)  Fails To 

Of C o n t r o l  Rods 
Insert I n t o  The 

pg. 8-3  



B
-3 



Control Rod Assembly 0 
' Fai ls  So Inserr  Due 

Control Rod Asembly  8 
Fails to InserS Due 
to Hechanlcal Faults 

De-energized De-energized 

A 
pg. B-b 

A pg.  B-6 A 
rLPCR12M pg. 93-4 

1 1 

Control Rod A s s a b l y  e 
Fal ls  so Inser t  Due 

so PIeckanical Faults 

A 
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1. 

2. 

3. 

4 .  

5 .  

6. 

7. 

8. 

9 .  

10. 

11. 

12 .) 

13. 

2 4 .  

Segment a r m  spriags fail - loss of compression 
Segment arm assembly pfvot  pPn fa i l s  - does not al low 
segment arms to pivot 

Roller nuts f a i l  - w e l d e d  to lead screw 

Lead screw f a i l s  - jammed 
Upper guide bushing f a i l s  - jammed agahs t  lead screw 

Lower guide bushing f a i l s  - jammed a g a h s t  l ead screw 

Drivel ine shaft f a i l s  - jammed 

Pis ton  and dashpot cup f a i l  - jamed 

Actuating shaft f a a s  - jammed 

Position indicator rod bushing fails - jammed agahst: 
position indicator rod  

Positiotl.  indicator rod bushing Pails - j,mmed agafrast 
posit ion indicator rod 

Actuating shaf t  sp r ing  breaks 

Loss of absorber material from the C Q ~ ~ ~ Q P  rod assembly 

Control  rod guide tubes faU. - warped or raisalfgned 

15. Control rods fail - warped, na$saligned, or swollen 

Note, 8 = 1-61 



1 of 2 B Relays 
Fails 5 0  T r i p  

h e  to Faults 

Closed Due 
t o  Faults in 

RPBRDlSC 
RPBBCPSC 

pg.  8-10 

Relay 62 F a i l s  
to T r i p  AS 

Required 

pg. 9-10 



. I 
pg,  8-7 Reactor T r i p  Module 
pg. ~-10 
pg. B-12 

0 Does Not Command 
0: Relays to Open 

I No Trip Signal 
Is Input to 

Reactor Trip 
Madule Q 

t i I 
No T r i p  Signal 
from Pa th  m a  

t o  R e a c t o r  T r i p  

No T r i p  Signal. 
r'ron P a t h  0 . 8  

t o  Reactor T r l p  
Nodule c 

' I tio T r i p  signa: 
from P a t h  KCB from Path Ki?8 1 to R e a c t o r  T r i p  

No T r i p  S i g n a l  

Yodule a 
1 t o  Reac tor  T r i p  

Module c 

I 
t 

pg. e-9 pg. B-0 pg. B-9 pg. 5-3 
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No T r i p  S i g n a l  
pg. B-8 f r o m  Path KyB 

t o  R e a c t o r  T r i p  
Hodule a L 
A 

tlo T r i p  
S i g n a l  from 

B i s t a b l e  T r i p  
S t r i i i g  Due t o  
F a u l t s  i n  t h e  
Control  Room 

P I  S ACRS C 
RPSBCRSC 
RPSCCRSC 
RPSDCRSe 

S i g n a l  from 1 B i s t a b l e  T r i p  \ / 

E l e c t r i c a l  
Penetration 

RPSAPlSC 
RPSDP3SC 
RPSCPLSC 
RPSDPZSC 

Rr m y  e sc 



RPOCMRCP 'RpOCM*CP 
RPOcM#DP RPOCM*DP 

Reactor Trfp 

Command y Relays 
t o  open 

Module Y Doe5 Not 

pg.  B-@ 



B-- 1.2 

D 

pg. €?-12 .-A I- 
Bx Regula t  fng 
Power Supply  

from t3x 

RPSEZFO 
KP SE 3FO 
RI’SE4FO 
RPSF2FO 
KPSF3FO 
PPSF4FO 

p g .  11-4 



8
-1

3
 

0
3
 

I 
F4 

M
 
a
 





PENDIX G 

Basic Event Dzscriptiona and Data 
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Reactor  Trip h d u l e  C Qutput  Cable Cauttrr tu 
power (fautKr in the computer r u m )  ( 1 / 2  uf 
cab le 1 

Reactor T r i p  M u l e  b Output Cable f a u l t r  to 
power ( f a u l t 9  i n  the emputer  rum) ( 1 1 2  * D €  
c a b l e )  

Fault output f r m  6% regulating power suppay 

R e l a y  E2 sticks s l o r e d  
Gate Drive E2 f a i l r  - pouer un 
€2 rilicun-controlled rectiftcra 
f r i !  - p>*r o-r,put 

360 

960 

360 
360 
360 

360 
360 
360 

380 
360 
360 





c- 11 
T a b l e  C.2 Reduced Fault Tree 13asf.c Event Locations 

Basic Event PJoeatton 

-II__ --- - 
PRCRl2MF Containment 

RPCR20NF C o n t a i n m e n t  

RPCR2 8 MF 

RPCRO 1MF 

RPCR05SC 

RPBACRSC 

RPBAC P SC 

RPB BC RS C 

RPBBCPSC 

RPBRCISC 

RPBRDl SC 

RPBRC2 SC 

RPBRD 2SC 

W SACRSC 

RPSBCRSC 

R P S  CCRS C 

RPSDCRSC 

R P S A P I  SC 

C ont a i  nme 11 t 

Containment 

a 

Control Room 

Computer Room 

C O P l t r O l  KQOm 

Computer R o c m  

Computer Room 

Computer Room 

Computer Room 

Computer Roolll 

Cont ro l  R00Xl 

C o n t r o l  Room 

C o n t r o l  Room 

Coat r o l  Room 

Penetration Room # I  

a'l'his is an inhibit c o n d i t i o n ,  not a component failure; it has no 
loca t ion .  



c - i2  

RPSCP4SC 

RPSLl P 2 S C 

R P K K a l  SC 

RPRKA2SC 

RPRK3 AS C 

RPRKA4SC 

KPRKB 1 SC 

RPRKB 2 S C 

RP RKB 3 SC 

RPRKB4SC 

RPRKC 1 SC 

RPRKC2 S C 

RPRKC3 SC 

RPRKC4SC 

RPRKDlSC 

RPRKD2SC 

RPkKU 3 s c 

RPRKD4SC 

RPOCM#CP 

RPOCM#DP 

WOCN*@P 

P e n e t r a t i o n  Room W4 

P e n e t r a t i o n  Room 82 

Contro l  Room 

C o n t r o l  Room 

C o n t r o l  Room 

Contro l  Room 

C o n t r o l  Room 

Control  R o o m  

Cont L o l  Room 

Cont ro l  Room 

Cont ro l  Room 

C o n t r o l  Room 

Corllrol  Room 

( : O l l t  K O 1  Room 

C o n t r o l  Room 

C o n t r o l  Room 

C o n t r o l  Room 

Contro l  Room 

C o n t r o l  Room 

Cont ro l  Room 

Computer Room 

_ _ ^ _ _ _ _ ~  
-___I 



T a b l e  c.2 ( e c n t i n u e d )  

RFPSE2FO 

RP P SE 3 PO 

R!? PS E4 PO cornput e?- R-oom 

RF P S F2 FO Computer Room 

RFPSF3 PO C o m p u t e r  Room 





Conditional Fa.ilure Probabilities 

far Basic Events 



n- 2 

T a b l e  D . l  l i s t s  t h e  c o n d i t i o n a l  p o b a b i i i t y  of f a i l u r e ,  g iven  a gener ic  

cnvirsnment or  a cornmen l i n k ,  f o r  e a c h  of t h e  b a s i c  e v e n t s  rulmsid~rred i n  

t h e  analysis of t h e  ANO-1 scraiz sys'rem. Blanks i n  the t a b l e  Fncticare t h a t  

basic  rvents are not s u s c e p t i b l e  t o  t h e  c o r r e s p o n d i n g  gene r i c  e n v i  rotImei>ts 

and C O I V ~ ~ I O R  l€r-iks. 
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E- 2 
T h e  f o l l o w i n g  example i l l u s t r a t e s  the m t b d  used In t h i s  s t u d y  t o  

e s t i m a t e  t h e  cond i t iona l .  f a i l u r e  p r o b a b i l i t y  f o r  a basic e v e n t ,  g iven  a 

r o o t  cause ?vent  type.  

SteD 1 

Determine the  f a i l u r e  p r o b a b i l i t y  ( o r  f a i l u r e  ra te )  €or t h e  basic  e v e n t  

by f i r s t  c a l c u l a t i n g  t h e  f a i l u r e  ra te  fo r  t h e  type of component d e f i n e d  by 

t h e  S a s i c  e v e n t ,  t a k i n g  i n t o  c o n s i d e r a t i o n  a l l  p o s s i b l e  f a i l u r e  modes. (We 

used WASH-1400 f a i l u r e  d a t a  t o  de t e rmine  t h i s  t o t a l  f a i l u r e  r a t e ) :  

Component type:  relay 

F a i l u r e  modes: s t i c k s  closed A = 10-8/hr 
t r a n s f e r s  open x = 10-7/hr 

t o t a l  f a i l . u r e  rate xT = 1.1 x 1 0 - h ~  

-- s t e e  

C a l c u l a t e  an i n i t i a l  estimate of t h e  p r o b a b i l i t y  the component w i l l  

f a i l  i n  one s p e c i f i c  u n s a f e  mode (e.g., s t i c k s  closed) given the component 

does  f a i l .  

= 0.1 10-8 
P ( s t i c k s  c l o s e d  f a i l u r e )  = 1 1.1 10-7 

S t e p  3 

Using e n g i n e e r i n g  judgment,  adjust t h i s  i n i t i a l  estimate of the 

c o n d i t t o n a l  f a i l u r e  p r o b a b i l i t y  €or each g e n e r i c  environment type  t h a t  



E-- 3 
a f f e c t s  the  component type. In t h l s  s tudy ,  the E o l l o ~ ~ n , q  c o n d i r i a ~ a l  

Eailure probabilities were u s e d :  

P(sticks c losed  I v i b r a t i o n )  = 0.1 

P(sticks closed (f impact) = 0.1 
P(sticks c losed  [ cor ros ion )  = (7.5 (adjusted. value)  

P(sticks closed 1 contamination) = 0.9 ( a d j u s t e d  value) 
P(sticks closed 1 mois ture)  = 0.9 ( ad jus t ed  value) 
P(sticks closed $ temperature) = 0.1 
P( sticks c losed  f i r e )  = 0.1 
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