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ABSTRACT 

This study examined the consequences of possible control system 
malfunctions at the Calvert Cliffs-I Nuclear Power Plant as technical 
support for an NRC program to assess the safety implications of nuclear 
power plant control systems. Plant systems capable of initiating plant 
overcooling and undercooling were identified, as well as those with 
potential for overfill events in the steam generators. 

Failure mode and effects analyses were conducted on these candidate 
plant systems, with computer analysis applied where appropriate. This 
latter process utilized a detailed RETRAN model of the Calvert Cliffs 
Plant using adaptations made as part of this program. Where failures 
with safety consequences were found, probabilities of the pertinent 
scenarios were developed. Several control system failures were identi- 
fied as being of possible safety concern. Of these, two were selected 
as being of sufficient interest to warrant further study and followup 
using plant simulations. 

The first of the two major areas deals with the potential for steam 
generator overfill. Some postulated overfeed events require timely 
operator action, and if they are not terminated in time, the steam 
generator can overfill and inject liquid into the steam line. 

The second major sequence of interest is a critically sized small-break 
loss-of-coolant accident (SB-LOCA). An SB-LOCA can be initiated by 
control system malfunctions as well as by passive failure mechanisms 
such as steam generator tube ruptures. Our initial concern arose from 
the fact that the high-pressure safety injection ( H P S I )  system pumps can 
deliver coolant at a head of no more than 1275 psi, and that 
consequently there may be situations in which the primary coolant system 
pressure is high enough that the HPSI pumps cannot adequately make up 
for the net inventory l o s s ,  with the latter ultimately leading to core 
uncovery and fuel damage. Subsequent analyses indicated a very small 
probability of fuel damage for this scenario. 

Consequences of the events of major concern were examined by computer 
analysis, and probabilities for their precursors were estimated. Other 
results presented include an analysis of plant operating experiences 
germane to the Safety Implication of Control Systems (SICS) project. 
This review centered on Calvert Cliffs Unit 1 ,  but also derived data 
from Unit 2 and the other operating Combustion Engineering plants. This 
report also examines the industry-generic conclusions that can be 
derived from this plant-specific study of Calvert Cliffs. 

x v i i  





1 .  EXECUTIVE SUMMARY 

1 . 1  BACKGROUND 

T h i s  r e p o r t  on t h e  Safe ty  I m p l i c a t i o n s  of C o n t r o l  Sys t ems  (SICS) is t h e  
second  o f  a n  O a k  Ridge  N a t i o n a l  L a b o r a t o r y  ( O R N L )  ser ies  i n c o r p o r a t i n g  
de t a i l ed  a n a l y s e s  o f  s p e c i f i c  p l a n t s ,  t h e  f irst  o f  which was a s t u d y  o f  
Oconee-1 (ORNL/TM-9444).' T h i s  r e p o r t  i n v e s t i g a t e s  C a l v e r t  C l i f f s - 1 ,  an 
850-MW(e) Combustion E n g i n e e r i n g  (C-E) p r e s s u r i z e d  water r e a c t o r  (PWR) 
owned and o p e r a t e d  by B a l t i m o r e  Gas & Electr ic  Co ( B G & E ) .  The two 
p l a n t s  are similar i n  t h a t  t h e y  are  b o t h  PWRs and a re  o f  e a r l y  1970s 
v i n t a g e .  Thei r  most i m p o r t a n t  d i f f e r e n c e s ,  f o r  t h e  p u r p o s e s  o f  t h i s  
s t u d y ,  are  t h e i r  d i f f e r e n t  t y p e s  of steam g e n e r a t o r s  (once - th rough  a t  
Oconee, U-tube a t  C a l v e r t  C l i f f s )  and d i f f e r e n t  c o n t r o l  p h i l o s o p h i e s .  
The Oconee P l a n t  u s e s  a c o m p l e t e l y  i n t e g r a t e d  and e x t e n s i v e  c o n t r o l  
s y s t e m ,  w h i l e  s e v e r a l  of t h e  major p a r a m e t e r s  a t  C a l v e r t  C l i f f s  are 
under manual ( o p e r a t o r )  c o n t r o l .  I n  e f f ec t ,  a t  C a l v e r t  C l i f f s  t h i s  
makes t h e  o p e r a t o r s  a more c r u c i a l  p a r t  o f  t h e  " c o n t r o l  s y s t e m s "  t h a t  
are  f a c t o r e d  i n t o  t h e  SICS s t u d y .  C a l v e r t  C l i f f s  a l s o  has a much lower  
p r e s s u r e  h i g h - p r e s s u r e  s a f e t y  i n j e c t i o n  ( H P S I )  sys t em f o r  emergency 
c o o l i n g  (1275 p s i a  v e r s u s  2800 p s i a  f o r  Oconee ) ,  which may be an  
i m p o r t a n t  c o n s i d e r a t i o n  i n  small-break l o s s - o f - c o o l a n t  a c c i d e n t  
(SB-LOCA) s e q u e n c e s .  

The program is s p o n s o r e d  by t h e  U.S. Nuclear  R e g u l a t o r y  Commission 
D i v i s i o n  o f  E n g i n e e r i n g  Technology. The N R C  Program Manager is 
Demetr ios  L .  Basdekas. 

1 .2  OBJECTIVES 

The major o b j e c t i v e  of  t h e  ORNL-SICS pr ' rgram is t o  p r o v i d e  t e c h n i c a l  
s u p p o r t  t o  t h e  U.S. Nuclear R e g u l a t o r y  Commission ( N R C )  s t a f f  f o r  t h e i r  
task o f  r e s o l v i n g  t h e  Unresolved  S a f e t y  I s s u e  (USI) A-47. P r i m a r y  
g u i d a n c e  for t h i s  t a s k  is  p r o v i d e d  by  t h e  A-47 T a s k  A c t i o n  P l a n  (TAP), 
which s ta tes  t h a t  r e s o l u t i o n  o f  A-47 may be accompl i shed  by p e r f o r m i n g  
If. . . a n  i n - d e p t h  e v a l u a t i o n  of t h e  c o n t r o l  s y s t e m s  t h a t  are t y p i c a l l y  
u s e d  d u r i n g  normal p l a n t  o p e r a t i o n  and < v e r i f y i n g >  t h e  adequacy  o f  
c u r r e n t  l i c e n s i n g  d e s i g n  r e q u i r e m e n t s  o r  < p r o p o s i n g >  a d d i t i o n a l  
g u i d e l i n e s  and c r i t e r i a  t o  a s s u r e  t h a t  n u c l e a r  power p l a n t s  do n o t  p o s e  
an  u n a c c e p t a b l e  r i s k  due  t o  i n a d v e r t e n t  n o n s a f e t y - g r a d e  c o n t r o l  s y s t e m  
f a i l u r e s . "  The d e f i n i t i o n  o f  " u n a c c e p t a b l e  r i s k "  as a c r i t e r i o n  f o r  
c o n s i d e r i n g  (o r  n o t )  a g i v e n  set  o f  c o n t r o l  sys t em f a i l u r e s  is s u b j e c t  
t o  e n g i n e e r i n g  judgment and hence  t o  a v a r i e t y  o f  i n t e r p r e t a t i o n s .  I n  
g e n e r a l ,  t h e  l o s s  o f  a c o n t r o l  sys t em or power s u p p l y  w i l l  r e s u l t  i n  
some l o s s  o f  p r o c e s s  c o n t r o l  a n d / o r  i n f o r m a t i o n  a v a i l a b l e  t o  t he  
o p e r a t o r .  I n  most cases, however,  t h e  o p e r a t o r  w i l l  s t i l l  have  
s u f f i c i e n t  means a v a i l a b l e  t o  correct t h e  problem o r ,  i f  a t r i p  o c c u r s ,  
t o  b r i n g  t h e  p l a n t  t o  a sa fe  shutdown c o n d i t i o n .  The s e q u e n c e s  deemed 
o f  i n t e r e s t  t o  t h i s  s t u d y  are  t h o s e  which ( 1 )  s i g n i f i c a n t l y  impede, 
de l ay ,  o r  defeat a p l a n t  p r o t e c t i o n  sys t em a c t i o n ;  ( 2 )  c a u s e  t h e  
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t r a n s i e n t  t o  exceed  t h e  bounds o f  t he  a c c i d e n t s  d e f i n e d  as " d e s i g n  
basis" i n  t h e  F i n a l  S a f e t y  A n a l y s i s  Repor t  (FSAR); or ( 3 )  c h a l l e n g e  t h e  
s a f e t y  s y s t e m s  f r e q u e n t l y  enough t h a t  t h e  p r o b a b i l i t y  o f  p l a n t  damage is 
i n c r e a s e d  s i g n i f i c a n t l y .  The i n t e r p r e t a t i o n s  p u t  on t h e  limits o f  
a c c e p t a b i l i t y  a re  d i s c u s s e d  i n  more d e t a i l  i n  t h e  body o f  t h e  r e p o r t .  

The ORNL c o n t r i b u t i o n  t o  A-47 r e s o l u t i o n  c o n s i s t s  o f  two d e t a i l e d  p l a n t -  
s p e c i f i c  i n v e s t i g a t i o n s  t h a t  are ,  t o  t h e  e x t e n t  p o s s i b l e ,  t o  be used  t o  
a r r i v e  a t  g e n e r i c  c r i t e r i a  and s o l u t i o n s  t o  t h e  o v e r a l l  s a f e t y  c o n c e r n s .  

The l i m i t a t i o n s  o f  t h e  s t u d y ,  which were imposed t o  k e e p  i t  t o  a 
manageable  s i z e ,  are d e f i n e d  i n  t h e  f o l l o w i n g  ground r u l e s :  

1.  S i n g l e  f a i l u r e s .  Because  o f  t he  v e r y  l a r g e  number of c o n t r o l  
s y s t e m s  i n  a PWR, t h e  number o f  s i t u a t i o n s  encompassed by a r b i t r a r y  
c o m b i n a t i o n s  o f  m u l t i p l e  f a i l u r e s  would be e x t r e m e l y  large. Hence 
o n l y  s i n g l e  f a i l u r e s  are c o n s i d e r e d  i n  a systematic f a s h i o n ;  
however ,  m u l t i p l e  f a i l u r e s  are i n c l u d e d  i n  t h e  s t u d y  i f  t h e y  a re  
found t o  b e  " i n t e r e s t i n g "  or logical  fo l low-ons  o f  a p a r t i c u l a r  
s c e n a r i o .  What is g e n e r a l l y  looked  f o r  is t h e  minimum number o r  
most l i k e l y  c o m b i n a t i o n  o f  component f a i l u r e s  t h a t  would be r e q u i r e d  
t o  g e n e r a t e ,  p e r p e t u a t e ,  o r  e x a c e r b a t e  t h e  a c c i d e n t  s c e n a r i o  o f  
i n t e r e s t .  The l i k e l i h o o d  o f  d o u b l e  o r  m u l t i p l e  f a i l u r e s  can  be  
assumed t o  be h igh  enough t o  be o f  i n t e r e s t  i f  one o r  more of  t h e  
f a i l u r e s  can  be c a t e g o r i z e d  as u n d e t e c t e d ,  o r  i f  t h e  f a i l u r e s  c a n  be 
assumed t o  be due  t o  t h e  l o s s  o f  a common power s u p p l y  o r  t o  a n o t h e r  
common p r e c i p i t a t i n g  e v e n t  o r  problem. 

2. O p e r a t o r  a c t i o n .  I n  g e n e r a l ,  o p e r a t o r  i n a c t i o n  o r  m i s a c t i o n  is t o  
be c o n s i d e r e d  i f  t h e  i n f o r m a t i o n  p r e s e n t e d  t h e  o p e r a t o r  is 
misleading/confusing/insufficient, o r  i f  t h e  time a v a i l a b l e  t o  
d i a g n o s e  t h e  problem and a c c o m p l i s h  t h e  r e q u i r e d  t a s k s  is s h o r t  
(Sect. 4 .4  elaborates on what is meant by terms s u c h  as " m i s a c t i o n "  
and " s h o r t t 1 ) .  

3. Event  c a t e g o r i e s .  P r i m a r i l y ,  steam g e n e r a t o r  ( S G )  o v e r f e e d  o r  
d r y o u t  and  c o r e  u n d e r c o o l i n g  o r  o v e r c o o l i n g  e v e n t s  w i l l  be  
i n v e s t i g a t e d .  However, i f  o t h e r  s i g n i f i c a n t  problems are f o u n d ,  
t h e y  are p u r s u e d .  

4 .  Power s u p p l i e s .  Loss o f  power s u p p l i e s  (ac ,  d c ,  i n s t r u m e n t  a i r )  a re  
cons  i d e r  ed . 

1.3  APPROACH 

I n  both  the Oconee and  C a l v e r t  C l i f f s  s t u d i e s ,  t h e  f a i l u r e  modes and 
e f fec ts  a n a l y s i s  (FMEA) t e c h n i q u e  was employed. FMEA is a s t a n d a r d  
t e c h n i q u e  used  t o  make systematic,  q u a l i t a t i v e  searches f o r  s i g n i f i c a n t  
f a i l u r e s  and consequences .  The FMEA p r o c e s s ,  as it  is a d a p t e d  t o  t h i s  
program,  c o n s i s t s  o f  i d e n t i f y i n g  a f a i l u r e  c lass  ( s u c h  as r e a c t o r  unde r -  
c o o l i n g )  and t h e n  d e f i n i n g  b road  f u n c t i o n a l  c o n d i t i o n s  t h a t  must o c c u r  



t o  lead t o  t h i s  f a i l u r e .  Each c o n t r o l  system is examined ,  n o t i n g  its 
p o s s i b l e  modes o f  f a i l u r e  and t h e i r  e f f e c t s  on t h e  f a i l u r e  c lass  i n  ques-  
t i o n .  T h i s  l eads  t o  t h e  i d e n t i f i c a t i o n  of t he  broad  e f f ec t s  o f  pos tu -  
l a t e d  s y s t e m  f a i l u r e s  and d e t e r m i n e s  t h e  subsys t em m a l f u n c t i o n s  t h a t  c a n  
g i v e  r ise  t o  t h o s e  f a i l u r e s .  T h i s  p r o c e s s  has been referred t o  as t h e  
"b road  FMEA." C e r t a i n  sequences  are  i d e n t i f i e d  as  b e i n g  o f  major 
i n t e r e s t  a n d ,  i f  n o t  f u l l y  r e s o l v e d  by the  b road  FMEA, are made t h e  
s u b j e c t s  o f  computer s i m u l a t i o n  f o r  f u r t h e r  s t u d y .  T h i s  p a r t  o f  t h e  
s t u d y  is cal led t h e  "augmented FMEA." Other s e q u e n c e s  o f  i n t e r e s t  come 
t o  l i g h t  by  v i r t u e  o f  r e v i e w s  o f  o p e r a t i n g  e x p e r i e n c e s  or by e x e r c i s i n g  
t h e  p l a n t  s i m u l a t o r s .  

1 . 4  RESULTS 

S e v e r a l  c o n t r o l  s y s t e m  f a i l u r e s  have  been i d e n t i f i e d  which are  o f  pos- 
s i b l e  s a f e t y  conce rn .  O f  these,  two were selected as  b e i n g  o f  enough 
conce rn  t o  w a r r a n t  f u r t h e r  s t u d y  and fo l low-up  u s i n g  p l a n t  s i m u l a t i o n s .  
S e v e r a l  o t h e r s  were a l s o  d e s i g n a t e d  as n o t e w o r t h y ,  though n o t  o f  
s u f f i c i e n t  c o n c e r n  t o  r e q u i r e  f u r t h e r  a n a l y s i s .  

The f i r s t  major area dea ls  w i t h  t h e  p o t e n t i a l  f o r  SG o v e r f i l l .  If a 
main feedwater (MFW) c o n t r o l  v a l v e  s h o u l d  f a i l  open ,  e i t he r  t h r o u g h  
mechan ica l  f a i l u r e  o r  t h r o u g h  c e r t a i n  f a i l u r e s  o f  an e l e c t r o n i c  c o n t r o l  
c i r c u i t ,  t h e  SG w i l l  be o v e r f e d .  Some p o s t u l a t e d  o v e r f e e d  e v e n t s  
r e q u i r e  t i m e l y  o p e r a t o r  a c t i o n ,  and i f  t h e y  are  n o t  t e r m i n a t e d  i n  time, 
t h e  S G  w i l l  o v e r f i l l  and i n j e c t  l i q u i d  i n t o  t h e  steam l i n e .  The 
momentum t r a n s f e r  from the  water t o  t h e  steam l i n e  can  i n d u c e  a motion 
of t h e  steam l i n e  a g a i n s t  its s u p p o r t s ,  which i n  t u r n  c o u l d  lead t o  
f a i l u r e  o f  t h e  s u p p o r t s  and p o s s i b l e  d e f o r m a t i o n  or r u p t u r e  o f  t h e  steam 
l i n e .  The amount of damage t h a t  would a c t u a l l y  o c c u r  t o  t h e  steam l i n e  
i n  any  g i v e n  o v e r f i l l  a c c i d e n t  s c e n a r i o  is by no means c lear .  While t h e  
l i n e s  are d e s i g n e d  t o  w i t h s t a n d  seismic e v e n t s  and s u b s t a n t i a l  
deadweight  l o a d s ,  t h e y  are n o t  d e s i g n e d  t o  s u r v i v e  s e v e r e  dynamic 
l o a d i n g s  d u e  t o ,  f o r  example ,  a main steam i s o l a t i o n  v a l v e  slamming s h u t  
a g a i n s t  a h i g h - v e l o c i t y  steam-water f low.  F u r t h e r m o r e ,  t h e  time 
a v a i l a b l e  t o  t h e  o p e r a t o r  t o  t ake  c o r r e c t i v e  a c t i o n  may be q u i t e  smal l ,  
depend ing  on  t h e  p a r t i c u l a r  s c e n a r i o .  Some o v e r f i l l  s c e n a r i o  
s i m u l a t i o n s  i n d i c a t e  t h a t  water c o u l d  b e g i n  e n t e r i n g  t h e  steam l i n e s  as 
e a r l y  as 3 t o  5 min a f t e r  t h e  s t a r t  o f  t h e  t r a n s i e n t .  

The second  major  s equence  o f  i n t e r e s t  is a c r i t i c a l l y  s i z e d  SB-LOCA. 
Small-break l o s s - o f - c o o l a n t  a c c i d e n t s  can  be i n i t i a t e d  by c o n t r o l  s y s t e m  
m a l f u n c t i o n s ,  as w e l l  as  by p a s s i v e  f a i l u r e  mechanisms s u c h  as S G  t u b e  
r u p t u r e s .  Our i n i t i a l  c o n c e r n  was based on t h e  f a c t  t h a t  t h e  H P S I  
sys t em pumps can  d e l i v e r  c o o l a n t  a t  a head o f  no more t h a n  1275 p s i ,  and 
t h a t  c o n s e q u e n t l y  t h e r e  may be s i t u a t i o n s  i n  which t h e  p r i m a r y  c o o l a n t  
s y s t e m  p r e s s u r e  is h i g h  enough that  the HPSI  pumps c a n n o t  a d e q u a t e l y  
make  up f o r  t h e  n e t  i n v e n t o r y  l o s s ,  which c o u l d  lead t o  c o r e  uncovery  
and f u e l  damage. The normal p l a n t  makeup s y s t e m  can  i n j e c t  132 gpm i n t o  
t h e  p r imary  l o o p  independen t  of l o o p  p r e s s u r e  ( s i n c e  t h e y  are p o s i t i v e -  
d i s p l a c e m e n t  pumps). The FSAR i n d i c a t e s  t h a t  e q u i v a l e n t  break o r  leak  
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s i z e s  as  small as 0.1 f t 2  have  been a n a l y z e d  and can  be dea l t  w i t h  by 
t h e  s a f e t y  s y s t e m .  Our h y p o t h e s i s  was t h a t  between a leak  s i z e  
c o r r e s p o n d i n g  t o  t h e  132-gpm makeup f low and a leak  s i z e  o f  0.1 f t 2 ,  
there  may be a r a n g e  o f  l eak  s i z e s  l a r g e  enough t o  r e d u c e  t h e  p r imary  
s y s t e m  i n v e n t o r y  s i g n i f i c a n t l y  and y e t  too small  t o  d e p r e s s u r i z e  f rom 
t h e  normal o p e r a t i n g  p r e s s u r e  o f  2250 p s i  t o  t h e  p o i n t  a t  which t h e  H P S I  
can  f u n c t i o n .  The e q u i v a l e n t  132-gpm l e a k  s i z e  is two o r d e r s  of  
magni tude  smaller t h a n  a 0.1 f t 2  h o l e .  
o p e r a t i n g  p r o c e d u r e  ( E O P )  f o r  L O C A s ,  t h i s  s i t u a t i o n  is n o t  c o v e r e d  
s a t i s f a c t o r i l y ;  however,  BG&E is c u r r e n t l y  i n  t h e  p r o c e s s  o f  u p g r a d i n g  
t h i s  and o t h e r  E O P s .  Two m i t i g a t i n g  f a c t o r s  make t h i s  a l o w - p r o b a b i l i t y  
e v e n t .  F i r s t ,  there is a l o t  o f  time a v a i l a b l e  t o  take c o r r e c t i v e  
a c t i o n  ( p e r h a p s  up t o  an  hour  o r  more,  d e p e n d i n g  on t h e  s i z e  o f  t he  
l e a k ) ,  making t he  p o s s i b i l i t y  of m i s d i a g n o s i s  and e r r o n e o u s  a c t i o n  
r e l a t i v e l y  low. One s t u d y  o f  a d i f f e r e n t  t y p e  PWR estimated t h a t  t h e  
p r o b a b i l i t y  o f  m i s d i a g n o s i s  i n  t h e  e a r l y  stages o f  SB-LOCAs would be 
a b o u t  0.05 (see S e c t .  4.4). The second  m i t i g a t i n g  f a c t o r  is t h a t  b o t h  
t h e  RETRAN a n a l y s e s  by ORNL and c a l c u l a t i o n s  r e p o r t e d  i n  a p r o p r i e t a r y  
s t u d y  by C-E showed t h a t  i f  such  a problem d i d  e x i s t ,  i t  would be 
l i m i t e d  t o  a v e r y  small r a n g e  o f  b reak  s i z e s ,  t h u s  d e c r e a s i n g  its 
l i k e l i h o o d .  

I n  t h e  c u r r e n t l y - u s e d  emergency 

Among t h e  areas o f  somewhat l e s s  c o n c e r n ,  d e s e r v i n g  a t  l e a s t  b r i e f  docu- 
m e n t a t i o n ,  a re  t h e  f o l l o w i n g  two items: 

1 .  

2. 

A t u r b i n e  t r i p  s i g n a l  is g e n e r a t e d  by two o u t  of f o u r  S G  h i g h  l e v e l  
s i g n a l s .  A t race o f  t h e  l o g i c  shows t h a t  t h e  two-out -of - four  l o g i c  
c h a n n e l s  f u n n e l  u l t i m a t e l y  i n t o  t h e  e q u i v a l e n t  o f  a s i n g l e  OR g a t e  
whose f a i l u r e  c o u l d  defea t  t h e  t r i p  on t h i s  p a r a m e t e r .  (The  OR 
r f g a t e ' f  c o n s i s t s  o f  m u l t i p l e  i n d e p e n d e n t  components ,  b u t  i t  c o n t r o l s  
a s i n g l e  r e l a y . )  I t  is l i k e l y ,  however,  t h a t  s u c h  a n  o v e r f i l l  would 
have o t h e r  dynamic consequences  t h a t  would lead  t o  a t u r b i n e  t r i p  by 
a n o t h e r  p a r a m e t e r  . 
There a p p e a r  t o  be f o u r  v a l v e s  i n  t h e  component c o o l i n g  water 
c i r c u i t ,  any  o n e  of which f a i l i n g  c l o s e d  would lead t o  a c u t o f f  o f  
c o o l i n g  water t o  t h e  r e a c t o r  c o o l a n t  pump seals .  Such a c o n d i t i o n ,  
p ro longed  f o r  a time o f  t h e  o r d e r  o f  m i n u t e s ,  c o u l d  lead t o  sea l  
f a i l u r e s  t h a t  would be c lass i f ied  as  SB-LOCAs.  Such e v e n t s  are 
bounded by SB-LOCA e v e n t s  i n  t h e  FSAR. 

Numerous o t h e r  p o s s i b l e  f a i l u r e s ,  de ta i led  i n  S e c t .  4 ,  m igh t  lead t o  a 
SB-LOCA, b u t  t h e y  a re  bounded by cases p r e s e n t e d  i n  t h e  FSAR. 

R e s u l t s  o f  t he  augmented FMEAs--simulator a n a l y s e s  o f  s e q u e n c e s  o f  
p a r t i c u l a r  i n t e r e s t - - a r e  g i v e n  i n  S e c t .  6. R e s u l t s  are  r e p o r t e d  f o r  t h e  
R E T R A N  s t u d y  o f  p o s t u l a t e d  SG o v e r f i l l  and d r y o u t  s c e n a r i o s ,  and  
SB-LOCAs. A backup s i m u l a t i o n  u t i l i z i n g  t h e  modular mode l ing  s y s t e m  
(MMS) was a l s o  d e v e l o p e d  f o r  t h e  C a l v e r t  C l i f f s - 1  P l a n t  and  is 
o p e r a t i o n a l ,  b u t  r e s u l t s  were n e i t h e r  r e q u i r e d  no r  a v a i l a b l e  i n  time t o  
be i n c l u d e d  i n  t h i s  r e p o r t .  
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Estimates of f r e q u e n c y  o f  o c c u r r e n c e  f o r  t h e  s i g n i f i c a n t  s e q u e n c e s  
i d e n t i f i e d  i n  t h e  SICS s t u d y  are p r e s e n t e d  i n  Sect. 5. The estimate f o r  
the c r i t i c a l l y  s ized  SB-LOCA l e a d i n g  t o  i n s u f f i c i e n t  c o r e  c o o l i n g  was 
less  t h a n  one  e v e n t  e v e r y  100,000 r e a c t o r  years ,  while  t h e  estimated SG 
o v e r f i l l  was a b o u t  one  p e r  100 r e a c t o r  y e a r s .  

Other  s i g n i f i c a n t  r e s u l t s  i n  t h i s  r e p o r t  i n c l u d e  t h e  f i n d i n g  t h a t  t h e  
p l a n t  d e s i g n  is s u c h  t h a t  f a i l u r e s  i n  b o t h  t h e  p l a n t  e l e c t r i c a l  s y s t e m s  
and p l a n t  i n s t r u m e n t  a i r  s y s t e m s ,  b e c a u s e  o f  t he  b u i l t - i n  backups ,  are  
u n l i k e l y  t o  cause major  problems w i t h  p l a n t  o p e r a t i o n  or  t h e  a b i l i t y  of 
t h e  o p e r a t o r s  t o  b r i n g  t h e  p l a n t  t o  a sa fe  shutdown c o n d i t i o n .  Although 
some p o s t u l a t e d  i n s t r u m e n t  f a i lu re s  l e d  t o  t empora ry  loss  o f  a l l  i n s t r u -  
ment a i r ,  t h e  affected area c o u l d  be i s o l a t e d  by p r o p e r  o p e r a t o r  a c t i o n  
and t h e  a i r  s u p p l y  t o  t h e  r e s t  o f  t h e  s y s t e m  r e s t o r e d .  Only i n  t h e  case 
o f  some p o s t u l a t e d  header breaks was the  problem area found t o  be 
u n i s o l a b l e .  I n  one  i n t e r e s t i n g  and complex p o s t u l a t e d  sequence  
f o l l o w i n g  a L O C A ,  however ,  a s i t u a t i o n  may a r i s e  where a u t o m a t i c  
i s o l a t i o n  o f  t h e  s e r v i c e  water sys t em c o u l d  r e s u l t  i n  f a i l u r e  o f  t h e  
i n s t r u m e n t  a i r  and con ta inmen t  a i r  s u p p l i e s .  

Other r e s u l t s  p r e s e n t e d  i n c l u d e  an a n a l y s i s  of p l a n t  o p e r a t i n g  e x p e r i -  
e n c e s  germane t o  t h e  SICS p r o j e c t .  T h i s  r e v i e w  c e n t e r e d  on C a l v e r t  
C l i f f s - 1  b u t  a l s o  d e r i v e d  data from U n i t  2 and  t h e  other o p e r a t i n g  C-E 
p l a n t s .  The o p e r a t i n g  h i s t o r y  o f  C a l v e r t  C l i f f s  is g e n e r a l l y  similar t o  
o t h e r  p l a n t  s i t e s  ( e x c e p t  t h o s e  t h a t  have  had s e r i o u s  p rob lems ,  such  a s  
t h e  Three Mile I s l a n d - 2  c o r e  melt and t h e  Browns F e r r y  f i r e ) .  O f  t h e  
two t y p e s  o f  s e q u e n c e s  i d e n t i f i e d  as b e i n g  o f  s i g n i f i c a n t  SICS c o n c e r n ,  
no e v e n t s  a t  C a l v e r t  C l i f f s  c o u l d  c l a s s i fy  as SB-LOCAs ,  and o n l y  one 
e v e n t  a t  a n o t h e r  C-E p l a n t  c o u l d ;  a l s o ,  three S G  o v e r f e e d s  a t  C a l v e r t  
C l i f f s  r e s u l t e d  i n  h i g h - l e v e l  t r i p s  o f  t h e  t u r b i n e  and r e a c t o r .  
However, w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  the  o v e r f e e d  e v e n t  due t o  a MFW 
r e g u l a t i n g  v a l v e  f a i l u r e  a t  Calver t  C l i f f s - 2 ,  none p r o g r e s s e d  t o  
anywhere n e a r  a s e r i o u s  s i t u a t i o n  and s h o u l d  be c o n s i d e r e d  o n l y  as 
p r e c u r s o r s  t o  s e q u e n c e s  o f  conce rn .  T h i s  S G  o v e r f e e d  e v e n t  a t  C a l v e r t  
C l i f f s - 2  i n v o l v e d  a mechan ica l  f a i l u r e  i n  a MFW r e g u l a t i n g  v a l v e  t h a t  
r e q u i r e d  prompt o p e r a t o r  a t t e n t i o n  t o  p r e v e n t  o v e r f i l l .  A l s o ,  1 1  cases 
of SG l o w - l e v e l  t r i p  o c c u r r e d  a t  C a l v e r t  C l i f f s  ( m o s t l y  d u r i n g  s t a r t u p ) ,  
and a g a i n ,  a l t h o u g h  no s e r i o u s  problems r e s u l t e d ,  these c h a l l e n g e s  t o  
t h e  a u x i l i a r y  feedwater (AFW) s y s t e m  can  be c l a s s i f i ed  as  p o s s i b l e  
p r e c u r s o r s  t o  p o t e n t i a l  d r y o u t  or o v e r h e a t i n g  sequences .  A rough  
estimate o f  t h e  f r e q u e n c i e s  i n v o l v e d  may be d e r i v e d  from n o t i n g  t h a t  
these are a p p r o x i m a t e l y  t h e  t o t a l  o f  s u c h  e v e n t s  ( there  may have  been  
o t h e r s ,  depend ing  on t h e  c o m p l e t e n e s s  o f  t he  r e p o r t i n g  s y s t e m s )  t h a t  
o c c u r r e d  i n  1 9  p l a n t  years o f  C a l v e r t  C l i f f s  o p e r a t i o n  and 88 p l a n t  
y e a r s  o f  o p e r a t i o n  o f  a l l  C-E p l a n t s .  Two o t h e r  e v e n t s  o f  p a r t i c u l a r  
i n t e r e s t  t o  SICS were t h e  l o s s  of t h e  s e r v i c e  water s y s t e m  d u e  t o  an  a i r  
compressor  a f t e r - c o o l e r  l eak ,  and a f l o o d i n g  e v e n t  t h a t  affected c o n t r o l  
and s a f e t y  sys t em o p e r a t i o n .  Ana lyses  o f  t h e  whole s p e c t r u m  o f  L i c e n s e e  
Event Repor t  ( L E R )  e v e n t s  a t  C-E p l a n t s  ( a n d  t h e  power r e a c t o r  i n d u s t r y  
i n  g e n e r a l )  have  shown t h a t  t h o s e  re la ted t o  ma in tenance  and t e s t i n g  
problems have  r e s u l t e d  i n  t h e  most f r e q u e n t  c h a l l e n g e s  t o  t h e  p l a n t  
p r o t e c t i o n  s y s t e m s  (PPSs). Improvements i n  p r o c e d u r e s ,  o n - l i n e  t e s t i n g  



s y s t e m s ,  and  man-machine i n t e r f a c e  and communica t ions  systems 
( p a r t i c u l a r l y  i n  t h i s  p l a n t ,  where s o  much o f  t h e  c o n t r o l  is manual )  are 
recommended t o  r e d u c e  the  f r e q u e n c y  o f  PPS c h a l l e n g e s .  

One area of s t u d y  n o t  cove red  i n  t h i s  r e p o r t  b u t  i n c l u d e d  i n  t h e  A - 4 7  
TAP is t h e  e f f ec t s  of e x t e r n a l  e v e n t s  s u c h  as e a r t h q u a k e ,  f i r e ,  f l o o d ,  
and s a b o t a g e .  Due t o  t h e  f a c t  t h a t  t h e  SICS Program is t e r m i n a t i n g ,  
t he re  a re  no s p e c i f i c  p l a n s  t o  c o n s i d e r  e i t he r  these or  t h e  o t h e r  
recommended f o l l o w u p  items. 



2. I N T R O D U C T I O N  

2.1 BACKGROUND 

The SICS Program a t  ORNL was i n i t i a t e d  i n  J u n e  1981. The pu rpose  o f  
t h i s  program is  t o  conduc t  research on l i g h t  water reactor (LWR) s a f e t y  
c o n c e r n s  re la ted  t o  US1 A-47. US1 A-47 addresses the  g e n e r a l  p roblems 
of compromises t o  p l a n t  s a f e t y  as  a r e s u l t  of f a i l u r e s  or  m a l f u n c t i o n s  
of c o n t r o l  s y s t e m s .  Such f a i l u r e s  may d r i v e  t h e  p l a n t  i n t o  u n s a f e  
c o n d i t i o n s  o u t s i d e  t h e  e n v e l o p e  o f  p l a n t  p r o t e c t i o n ,  may i n t e r a c t  w i t h  
and f a i l  e l e m e n t s  o f  t h e  p l a n t  p r o t e c t i o n  s y s t e m ,  or  may i n c r e a s e  t he  
p r o b a b i l i t y  o f  f a i l u r e  t h r o u g h  f r e q u e n t  c h a l l e n g e s  t o  t he  p l a n t  
p r o t e c t i o n  and o t h e r  s a f e t y  s y s t e m s .  I n  t h e  c o n t e x t  of  t h i s  s t u d y ,  
" c o n t r o l  sys t ems"  c o n s t i t u t e  a far  broader s e t  t h a n  s e n s o r s  and 
e l e c t r o n i c  l o g i c  e l e m e n t s .  For  t h e  p u r p o s e s  o f  SICS, c o n t r o l  s y s t e m s  
compr i se  a l l  o p e r a t i o n a l  equipment  and p e r s o n n e l  whose f u n c t i o n i n g  can  
a f f e c t  t h e  dynamics of t h e  p l a n t .  Thus t h i s  c a t e g o r y  i n c l u d e s  p l a n t  
o p e r a t o r s  as we l l  as pumps, v a l v e s ,  m o t o r s ,  rod d r i v e s ,  heaters ,  power 
s o u r c e s ,  and t h e  s e n s o r s ,  c o n t r o l l e r s ,  and  a c t u a t o r s  t h a t  c o n t r o l  t h e i r  
o p e r a t i o n .  

T h i s  r e p o r t  on SICS is t h e  second  of two by ORNL i n c o r p o r a t i n g  d e t a i l e d  
a n a l y s e s  of  s p e c i f i c  p l a n t s .  The f i r s t  was a s t u d y  of  t h e  Oconee-1 
r e a c t o r ,  and  is r e p o r t e d  i n  ORNL/TM-9444.' The th ree  Oconee u n i t s  are  
Babcock and Wilcox ( B & W )  PwRs owned and o p e r a t e d  by Duke Power Co. The 
c u r r e n t  s t u d y  is an  i n v e s t i g a t i o n  of SICS c o n c e r n s  a t  C a l v e r t  C l i f f s - 1 ,  
one  o f  two 850-MW(e) C-E PWR u n i t s  owned and o p e r a t e d  by BG&E. I n  
a d d i t i o n  t o  t h e  u s u a l  i n t e r n a l  r e v i e w s ,  t h e  May 31, 1985 d r a f t  o f  t h i s  
r e p o r t  was rev iewed  by N R C ,  B G & E ,  and s e v e r a l  s u b c o n t r a c t o r s  working  on 
t h e  ORNL SICS program,  i n c l u d i n g  C-E ,  t h e  r e a c t o r  vendor .  T h e i r  
comments, s u g g e s t i o n s ,  and c o r r e c t i o n s  were i n c o r p o r a t e d  i n t o  t h i s  f i n a l  
v e r s i o n  where a p p r o p r i a t e .  

The C a l v e r t  C l i f f s  and Oconee p l a n t s  are  similar i n  t h a t  t h e y  a re  PWRs 
of a b o u t  t h e  same v i n t a g e .  Oconee-1 began commercial o p e r a t i o n  i n  1973 
and C a l v e r t  C l i f f s - 1  began  i n  1975. T h e i r  most i m p o r t a n t  d i f f e r e n c e s ,  
f o r  t h e  p u r p o s e s  of t h i s  s t u d y ,  are  t h a t  t h e y  have d i f f e r e n t  t y p e s  of 
SGs (once - th rough  a t  Oconee, U-tube a t  C a l v e r t  C l i f f s ) ,  and  d i f f e r e n t  
c o n t r o l  p h i l o s o p h i e s .  Oconee ' s  once - th rough  steam g e n e r a t o r s  ( O T S G s )  
r e s p o n d  f a s t e r  and have  much less  s e c o n d a r y  water i n v e n t o r y  t h a n  do the  
C a l v e r t  C l i f f s  U-tube steam g e n e r a t o r s  ( U T S G s ) .  The  OTSGs a l s o  p roduce  
s u p e r h e a t e d  steam and do n o t  have  steamwater s e p a r a t o r s .  The fas te r  
r e s p o n s e  of t h e  OTSGs (as  well as t h e r m a l - h y d r a u l i c  d e s i g n  f e a t u r e s  of  
t h e  B&W core)  e n a b l e  t h e  B&W p l a n t s  t o  f o l l o w  e l e c t r i c a l  l o a d  demand 
changes  more r e a d i l y  t h a n  t h e  C-E p l a n t s .  Because of  t h i s ,  however ,  i t  
is n e c e s s a r y  f o r  B&W p l a n t s  t o  u s e  a more e x t e n s i v e  a u t o m a t i c  c o n t r o l  
sys t em.  I n  c o n t r a s t ,  s e v e r a l  o f  t h e  major c o n t r o l  p a r a m e t e r s  i n  t h e  C-E 
p l a n t s ,  s u c h  as  r e a c t o r  power and  steam flow t o  t h e  h i g h - p r e s s u r e  
t u r b i n e  ( H P T ) ,  are under  manual ( o p e r a t o r )  c o n t r o l .  I n  e f f e c t ,  t h i s  
d e s i g n  makes t h e  C a l v e r t  C l i f f s  o p e r a t o r s  an  i n t e g r a l  and  much more 
c r u c i a l  p a r t  of t h e  c o n t r o l  s y s t e m s  f a c t o r e d  i n t o  t h e  SICS s t u d y .  
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Another s i g n i f i c a n t  d i f f e r e n c e  i n  p l a n t  d e s i g n  t h a t  f i g u r e s  i n t o  a 
dominant a c c i d e n t  s e q u e n c e ,  the  SB-LOCA, is t h a t  t h e  C a l v e r t  C l i f f s  
P l a n t  h a s  a much lower p r e s s u r e  HPSI  sys t em f o r  emergency c o o l i n g  
(1275 p s i a  v e r s u s  2800 p s i a  f o r  Oconee) .  

The ORNL SICS Program is c l o s e l y  re la ted  t o  a similar program a t  I d a h o  
N a t i o n a l  E n g i n e e r i n g  L a b o r a t o r y  ( I N E L ) .  The INEL program charter is 
s imilar ,  and  i ts  s c o p e  i n c l u d e s  a West inghouse  PWR and a G e n e r a l  
Electr ic  b o i l i n g  water r e a c t o r  (BWR).  R e s u l t s  o f  t h e  I N E L  s t u d i e s  are 
r e p o r t e d  i n  refs.  2 and  3. The ORNL SICS Program was c o o r d i n a t e d  w i t h  
a n o t h e r  US1 research e f f o r t  a t  O R N L ,  US1 A-49, known as p r e s s u r i z e d  
thermal shock  (PTS) .  T h i s  c o o r d i n a t i o n  c o n s i s t e d  o f  i n f o r m a t i o n  
exchanges  and o c c a s i o n a l  j o i n t  m e e t i n g s  o f  program management s t a f f .  An 
a d d i t i o n a l  s t a f f  p e r s o n  was a s s i g n e d  t h e  t a s k  o f  o v e r s e e i n g  t h e  
c o o r d i n a t i o n .  The PTS program has a l s o  s t u d i e d  Oconee-1 and C a l v e r t  
C l i f f s - 1 . 4 * 5  The C a l v e r t  C l i f f s  P l a n t  was a l s o  t h e  s u b j e c t  o f  a n o t h e r  
PTS s t u d y  pe r fo rmed  by Electr ic  Power Research I n s t i t u t e  ( E P R I )  on t h e  
small steam l i n e  b r e a k  s c e n a r i o . 6  Another NRC-sponsored program a t  ORNL 
t h a t  e v a l u a t e s  s y s t e m  i n t e r a c t i o n s  (US1 A-17) p r o v i d e s  u s e f u l  a n a l y s e s  
and s u r v e y s  o f  o p e r a t i n g  p l a n t  h i s t o r i e s ,  some o f  which r e l a t e  t o  SICS.' 

The SICS Program is s p o n s o r e d  by t h e  N R C  D i v i s i o n  o f  E n g i n e e r i n g  
Technology i n  t h e  Off ice  o f  Nuc lea r  R e g u l a t o r y  Research ( R E S ) .  The 
N R C  P r o j e c t  Manager f o r  t h i s  program is Demetr ios  L. Basdekas. 

2 .2  OBJECTIVES 

The major  o b j e c t i v e  o f  t h e  ORNL SICS Program is t o  p r o v i d e  t e c h n i c a l  
s u p p o r t  t o  t h e  N R C  f o r  t h e i r  t a s k  o f  r e s o l v i n g  US1 A-47. P r imary  
g u i d a n c e  f o r  t h i s  t a s k  is p r o v i d e d  by t h e  A-47 TAP.' The r e s o l u t i o n  
i n v o l v e s  r e v i e w s  of n o n s a f e t y - g r a d e  c o n t r o l  systems f o r  selected p l a n t s  
( o n e  f o r  each LWR v e n d o r )  t o  a s s u r e  a d e q u a t e  s e p a r a t i o n  f rom t h e  s a f e t y  
s y s t e m s  and t o  d e m o n s t r a t e  t h a t  t h e  e f f ec t s  o f  f a i l u r e  o f  these 
n o n s a f e t y  s y s t e m s  do n o t  lead t o  a c c i d e n t s  t h a t  are n o t  a l r e a d y  bounded 
by  t h e  FSAR d e s i g n - b a s i s  a c c i d e n t s .  The TAP f u r t h e r  s ta tes  t h a t  
r e s o l u t i o n  o f  A-47 may be accompl i shed  by p e r f o r m i n g  ? I .  . . an  i n - d e p t h  
e v a l u a t i o n  of t h e  c o n t r o l  s y s t e m s  t h a t  are  t y p i c a l l y  used  d u r i n g  normal 
p l a n t  o p e r a t i o n  and  < v e r i f y i n g >  t h e  adequacy  o f  c u r r e n t  l i c e n s i n g  d e s i g n  
r e q u i r e m e n t s  o r  < p r o p o s i n g >  a d d i t i o n a l  g u i d e l i n e s  and c r i t e r i a  t o  a s s u r e  
t h a t  n u c l e a r  power p l a n t s  do n o t  p o s e  an  u n a c c e p t a b l e  r i s k  due  t o  
i n a d v e r t e n t  n o n s a f e t y  g r a d e  c o n t r o l  s y s t e m  f a i l u r e s . "  

The d e f i n i t i o n  o f  " u n a c c e p t a b l e  r i s k "  as a c r i t e r i o n  f o r  c o n s i d e r i n g  ( o r  
n o t )  a g i v e n  p o s t u l a t e d  a c c i d e n t  s e q u e n c e  is s u b j e c t  t o  a v a r i e t y  of 
i n t e r p r e t a t i o n s .  I n  g e n e r a l ,  t h e  l o s s  o f  a c o n t r o l  sys t em o r  power 
s u p p l y  w i l l  r e s u l t  i n  some loss of  p r o c e s s  c o n t r o l  a n d / o r  i n f o r m a t i o n  
a v a i l a b l e  t o  t h e  o p e r a t o r .  I n  most cases, however ,  t h e  o p e r a t o r  w i l l  
s t i l l  have  t o  b r i n g  t h e  p l a n t  t o  a s a fe  shutdown c o n d i t i o n .  The 
c r i t e r i a  f o r  s e q u e n c e s  t o  be c o n s i d e r e d  by t h i s  s t u d y  c a l l  o u t  those 
s e q u e n c e s  which ( 1 )  s i g n i f i c a n t l y  impede, d e l a y ,  o r  defeat a p l a n t  
p r o t e c t i o n  s y s t e m  a c t i o n ;  ( 2 )  c a u s e  t he  t r a n s i e n t  t o  exceed  t h e  bounds 
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of those accidents defined as design basis in the FSAR, or ( 3 )  cause 
"excessively frequent" challenges to the safety system. The definition 
of what constitutes excessively frequent challenges depends on the 
particular system(s) being challenged and on some engineering judgment. 
For example, if a safety system is being challenged at a rate much 
greater than that of the industry average, there are clearly design, 
operator training, and/or maintenance problems that should be addressed. 
If the safety system being challenged has shown a history of problems in 
responding properly, the definition of excessive frequency should be 
more restrictive. 

The ORNL contribution to A-47 resolution consists of two detailed plant- 
specific investigations that are, to the extent possible, to be used to 
arrive at generic criteria and solutions to overall safety concerns. 

The limitations of the study, which were imposed to keep it to a 
manageable size, are defined in the following ground rules: 

1.  

2 .  

3. 

Single failures. Because of the very large number of control 
systems in a PWR, the number of situations encompassed by arbitrary 
combinations of multiple failures would be extremely large. Hence 
only single failures are considered in a systematic fashion; 
however, multiple failures are included in the study if they are 
found to be "interesting" or logical follow-ons of a particular 
scenario. What is generally looked for is the minimum number or 
most likely combination of component failures that would be required 
to generate, perpetuate, or exacerbate the accident scenario of 
interest. The likelihood of double or multiple failures can be 
assumed to be high enough to be of interest if one or more of the 
failures can be categorized as potentially undetected, (i.e., if 
they could exist for sufficient periods of time without detection, 
or if they can be assumed to be due to the loss of a common power 
supply or to another common precipitating event). 

Operator action. In general, operator inaction or misaction (i.e., 
doing the wrong thing) is to be considered if the information 
presented the operator is misleading, confusing, or insufficient, or 
if the time available to accomplish the required task is short 
compared to what is considered to be a reasonable amount of time (o r  
compared to what NRC has mandated as a minimum allowable response 
time). 

Event categories. Primarily, SG overfeed or dryout and core 
undercooling or overcooling events will be considered. (This is a 
ground rule of the TAP.) 
require more definition. In the current study, overfeed refers to 
situations in which the feedwater (FW) supply is significantly in 
excess of the requirements due to a malfunction or misoperation, 
while overfill refers to the cases where the SG level is high enough 
to cause liquid to be carried into the steam lines. If other 
significant problems are uncovered, however, they are pursued. 

The terms SG overfeed and SG overfill 
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4. Power s u p p l i e s .  Loss o f  power s u p p l i e s  (ac ,  d c ,  and  i n s t r u m e n t  a i r )  
are c o n s  i der ed . 

2.3 APPROACH 

I n  b o t h  t he  Oconee and  C a l v e r t  C l i f f s  s t u d i e s ,  t h e  FMEA t e c h n i q u e  was 
employed. FMEA is a s t a n d a r d  t e c h n i q u e  used  t o  make s y s t e m a t i c ,  
q u a l i t a t i v e  searches f o r  s i g n i f i c a n t  f a i l u r e s  and consequences .  The 
FMEA p r o c e s s ,  as i t  is a d a p t e d  t o  t h i s  program,  c o n s i s t s  o f  i d e n t i f y i n g  
a f a i l u r e  c lass  ( s u c h  as  r e a c t o r  u n d e r c o o l i n g )  and  t h e n  d e f i n i n g  b road  
f u n c t i o n a l  c o n d i t i o n s  t h a t  must o c c u r  t o  lead t o  t h i s  f a i l u r e .  Each 
c o n t r o l  s y s t e m  is examined ,  n o t i n g  i t s  p o s s i b l e  modes o f  f a i l u r e  and 
t he i r  e f fec ts  on  t h e  e v e n t  i n  q u e s t i o n .  T h i s  e x a m i n a t i o n  leads t o  the  
i d e n t i f i c a t i o n  of t h e  e f f ec t s  of p o s t u l a t e d  sys t em f a i l u r e s  and 
d e t e r m i n e s  t h e  subsys t em m a l f u n c t i o n s  t h a t  can  g i v e  rise t o  t h o s e  
f a i l u r e s .  T h i s  process has been  referred t o  as t h e  "b road  FMEA." 
C e r t a i n  s e q u e n c e s  w i l l  b e  i d e n t i f i e d  as b e i n g  of major  i n t e r e s t  a n d ,  i f  
n o t  f u l l y  r e s o l v e d  by t h e  b road  FMEA, r e q u i r e  computer s i m u l a t i o n  for 
f u r t h e r  s t u d y .  T h i s  p a r t  o f  t h e  s t u d y  is cal led t h e  "augmented FMEA." 
Other s e q u e n c e s  o f  i n t e r e s t  come t o  l i g h t  by r e v i e w i n g  o p e r a t i n g  
e x p e r i e n c e s  o r  by e x e r c i s i n g  t h e  p l a n t  s i m u l a t o r s .  

F i g u r e  2 .1 ,  "Program f l o w  f o r  s t u d y  o f  s a f e t y  e f fec ts  o f  n u c l e a r  power 
p l a n t  c o n t r o l  s y s t e m  f a i l u r e s , "  was g e n e r a t e d  o r i g i n a l l y  for the  
Oconee-1 SICS r e p o r t  b u t  a p p l i e s  a l s o  t o  t h e  p r e s e n t  s t u d y .  It  may be  
u s e f u l  f o r  u n d e r s t a n d i n g  t h e  p r o c e s s e s  by which each p o s t u l a t e d  f a i l u r e  
is c o n s i d e r e d  and t h e n  e i ther  d iscarded  o r  carried t h r o u g h  t o  t h e  f i n a l  
s t e p  o f  recommending c o r r e c t i v e  a c t i o n .  

2 .4  REPORT O R G A N I Z A T I O N  A N D  CONTENTS 

The FMEA p r o c e s s  by n a t u r e  r e q u i r e s  many de ta i led  i n v e s t i g a t i o n s ,  a l l  
w i t h  comple t e  documen ta t ion .  A m a j o r i t y  o f  t h e  cases examined do n o t  
lead t o  safety-related s c e n a r i o s  o f  i n t e r e s t ;  t h e  r e s u l t s  are  r e p o r t e d  
o n l y  t o  j u s t i f y  t h e i r  e x c l u s i o n  f rom f u r t h e r  c o n s i d e r a t i o n .  A l s o ,  of 
t h e  f a i l u r e s  t h a t  are o f  c o n c e r n ,  a g roup  o f  similar e v e n t s  may r e q u i r e  
d e t a i l e d  a t t e n t i o n  f o r  o n l y  t h e  most e x t r e m e ,  o r  bounding ,  case. To 
a v o i d  b u r y i n g  t h e  i m p o r t a n t  r e s u l t s  w i t h i n  a la rge  mass o f  less 
s i g n i f i c a n t  da t a ,  much o f  the  d e t a i l  is r e l e g a t e d  t o  a p p e n d i c e s ,  which 
w i l l  be p u b l i s h e d  i n  Vol. 2 of  t h i s  r e p o r t .  There t h e  background 
i n f o r m a t i o n ,  d e t a i l s  o f  t h e  p r o c e d u r e s  used  f o r  s e l e c t i n g  s y s t e m s  f o r  
a n a l y s i s ,  s y s t e m  d e s c r i p t i o n s ,  and  FMEA t a b l e s  can  be found .  T h i s  
d e s c r i p t i v e  material is e s s e n t i a l  t o  an  u n d e r s t a n d i n g  o f  t h e  FMEA 
p r o c e s s e s ,  s i n c e  s e l e c t i o n  o r  r e j e c t i o n  o f  p o s t u l a t e d  component f a i l u r e s  
is c r u c i a l l y  dependen t  on the a n a l y s t ' s  u n d e r s t a n d i n g  of t h e  impact  o f  
each component f a i l u r e  on its own and n e i g h b o r i n g  s u b s y s t e m s  as well as 
on t h e  o v e r a l l  p l a n t .  

I n  t h e  main body o f  t h e  r e p o r t ,  t h e  r a t i o n a l e ,  p r o c e s s ,  and  r e s u l t s  o f  
t h e  t a s k  o f  s e l e c t i n g  t h e  s y s t e m s  p e r t i n e n t  t o  t h e  SICS s t u d y  is g i v e n  
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F i g .  2.1. Program flow for study of safety effects of nuclear 
power plant control system failures. 



12 

in Sect. 3.1. A survey and analysis of relevant plant operating 
experiences, which help to link the postulated FMEA-generated failures 
and transients with "reality," are in Sect. 3.2. This study includes 
data on the two Calvert Cliffs units as well as on other C-E plants. 
Section 4 contains the major results of the broad FMEA. Here all of the 
control system failures considered to be significant are identified and 
described. The methodology is given in Sect. 4.1, and Sect. 4.2 
elaborates on the sequences. Section 4.3 summarizes the most important 
sequences found to be of interest to the Calvert Cliffs SICS study, and 
is the section giving the most pertinent detailed descriptions of the 
major findings. Section 4.4 is a brief discussion of the identification 
of operator effects, including a discussion of the possible 
applicability of the "confusion matrix" technique to this type of 
investigation. Section 4.5 describes how the plant electrical system 
FMEA ties in to the other analyses, and outlines the most important 
conclusions from that work. Section 4.6 is a similar write-up on the 
instrument air system. Section 4.7 discusses the applicability of the 
results of the Calvert Cliffs-1 study to the other C-E plants, and how 
combinations of identified failures are treated. Major findings from 
these results are summarized briefly in the Executive Summary 
(Sect. 1.4). A somewhat more detailed summary is given in the Results 
and Conclusions (Sect. 7 ) .  

Sequence frequency quantification (Sect. 5 )  describes the probabilities 
associated with the important sequences identified in the SICS study. 
Also noted are some tie-ins to Calvert Cliff and other C-E plant 
operating experiences which give indications of approximate 
probabilities for precursors or initiating events, at least for the 
relevant sequences reported. 

Section 6, the augmented FMEA section on thermal hydraulic analysis, 
discusses the two alternate Calvert Cliffs simulators, RETRAN and the 
MMS. The RETRAN model version of Calvert Cliffs-1 is based on a 
proprietary RETRAN input deck obtained from BG&E and expanded to include 
features deemed necessary for the present study. The MMS simulation 
currently has a less versatile model of the plant than does RETRAN 
(e.g., it is not set up to simulate SB-LOCA scenarios); however, its 
flexibility is expected to be of benefit for any future scoping studies. 
Brief descriptions of the simulation models are included. Results of 
RETRAN runs for SG overfill and dryout sequences and for selected 
SB-LOCA scenarios are presented. 

Results and conclusions, recommendations for resolution of A-47, and 
recommendations for future work in SICS-related areas are presented in 
Sects. 7, 8, and 9 respectively. 

Five appendices are contained in Volume 2 of this report. Appendix A 
gives details on selection of the systems for analysis, Appendix B gives 
detailed descriptions of all the plant systems of interest to the SICS 
study, and Appendix C gives detailed FMEA tables for each system. 
Appendix D is a separate report on plant electrical system FMEAs, and 



Appendix E documents ORNL's r e s p o n s e s  t o  BG&E comments on the  May 1985 
d r a f t  of t h i s  r e p o r t .  The a u t h o r s  a p p r e c i a t e  BG&E's t ho rough  review of 
t h i s  r e p o r t .  T h e i r  comments a n d  c r i t i c i sms  h e l p e d  improve i ts  t e c h n i c a l  
a c c u r a c y .  





3. CALVERT CLIFFS NUCLEAR POWER PLANT SYSTEMS AND OPERATIONS 

The Calvert Cliffs Nuclear Plant, operated by BG&E, has two identical 
PWR units, each rated at 845 MW(e) c2700 MW(t)], with a nuclear steam 
supply system (NSSS) supplied by C-E. Unit 1 has been in operation 
since October 7, 1974, and Unit 2 since November 30, 1976, for a total 
of almost 19 reactor years of operating experience at Calvert Cliffs. 
Each unit has two SGs of the U-tube type with four centrifugal reactor 
coolant pumps, two pumps (and two cold legs) per SG. The main steam 
system for each unit includes four 1800-rpm tandem compound axial flow 
turbines--one high-pressure turbine and three low-pressure turbines. 

Feedwater for each unit is supplied to the SGs by two turbine-driven 
main feed pumps operating in parallel at a rate of 15,000 gpm. The 
SG steam side volume is relatively large compared with Westinghouse and 
B&W designs, holding a nominal water inventory of 137,000 lb at full 
power. At full power, the steam side is typically operated at 850 psia 
and 525OF. Secondary side pressure is controlled by turbine loading or 
four turbine bypass valves and two atmospheric dump valves per unit, one 
atmospheric dump valve on each main steam line. Eight safety relief 
valves on each steam line (a total of 16 per unit) provide pressure 
relief backup. The four turbine bypass valves together can pass 40% of 
full power steam flow, and the two atmospheric dump valves can 
relieve 5% 

The primary side, which mainly consists of the reactor vessel and core 
and the tube side of the SGs typically operates at 2250 psia. Reactor 
coolant is circulated by the reactor coolant pumps through the core and 
the two SGs at a nominal rate of 61 million lb/h/SG, where the heat 
generated in the core is transferred to the secondary side fluid. 
Reactor coolant entering the SGs is typically at 600°F and is returned 
to the core through the cold legs at 548OF. A single 1500-ft3 
pressurizer is connected to one of the two hot legs by a surge line. 
Reactor coolant system (RCS) volume and pressure are maintained by 
control of the pressurizer parameters. The pressurizer is equipped to 
protect the RCS from overpressure with two power-operated relief valves 
set to open at 2385 psig and two spring-loaded safety relief valves set 
to relieve at 2485 and 2550 psig. 

The plant is equipped with many systems for power operation and plant 
safety. Major systems tied to the primary side include a reactor 
protective system to initiate reactor trip, a control element drive 
system, a chemical and volume control system to provide makeup water to 
the RCS, a nuclear instrumentation system, and regulating systems. 
Seven regulating systems provide the signal processing and control 
functions required for operation of the NSSS. These systems provide 
information and controls for reactor regulation, control element drive 
position, reactor coolant pressure, pressurizer level, MFW flow to the 
S G s ,  atmospheric steam dump and turbine bypass valves, and steam flow to 
the HPT. 

15 



16 

R e a c t o r  s a f e g u a r d s  are i n i t i a t e d  by t h e  e n g i n e e r e d  s a f e t y  f e a t u r e s  
a c t u a t i o n  s y s t e m  (ESFAS),  which i n i t i a t e s  s a f e t y  i n j e c t i o n  on  t h e  
p r i m a r y  s i d e  and AFW on t h e  s e c o n d a r y  s i d e ,  when r e q u i r e d ,  as w e l l  as 
o t h e r  s a f e g u a r d  f u n c t i o n s  s u c h  as  c o n t a i n m e n t  i s o l a t i o n .  P l a n t  
con ta inmen t  s y s t e m s  i n c l u d e  t h e  a c t u a l  con ta inmen t  s t r u c t u r e ,  a 
con ta inmen t  a i r  r e c i r c u l a t i o n  and c o o l i n g  s y s t e m ,  a pu rge  s y s t e m  f o r  
hydrogen  r e m o v a l ,  c o n t a i n m e n t  s p r a y  f o r  c o o l i n g  and  p o s t  a c c i d e n t  i o d i n e  
r e m o v a l ,  and  c o n t a i n m e n t  p e n e t r a t i o n  room v e n t i l a t i o n  c o n t r o l .  

P r o c e s s  a u x i l i a r i e s  p r o v i d e  hydrogen  and  n i t r o g e n  g a s ;  s a m p l i n g ;  radia- 
t i o n  m o n i t o r i n g ;  waste p r o c e s s i n g  f o r  r e a c t o r  c o o l a n t  w a s t e s ,  g a s e o u s  
wastes and s o l i d  wastes; r e a c t o r  component h a n d l i n g  d u r i n g  r e f u e l i n g ;  
s p e n t  f u e l  s t o r a g e  and c o o l i n g ;  p l a n t  and  i n s t r u m e n t  a i r ;  and p r o c e s s  
c o o l i n g  water. O t h e r  p l a n t  a u x i l i a r i e s  i n c l u d e  f i r e  p r o t e c t i o n ,  p l a n t  
communica t ions ,  and  p l a n t  v e n t i l a t i n g  s y s t e m s .  

The c o o l i n g  water s y s t e m s  a t  t h e  p l a n t  i n c l u d e  t h e  s a l t  water c o o l i n g  
s y s t e m ,  t h e  s e r v i c e  water s y s t e m ,  t h e  component c o o l i n g  s y s t e m ,  and  t h e  
c i r c u l a t i n g  water s y s t e m .  The s a l t  water c o o l i n g  s y s t e m  p r o v i d e s  t h e  
u l t i m a t e  heat s i n k  f o r  t h e  s e r v i c e  water and component c o o l i n g  water 
(CCW) systems.  The c i r c u l a t i n g  water s y s t e m ,  a l s o  a s a l t  water s y s t e m ,  
c o o l s  t h e  main c o n d e n s e r .  The s e r v i c e  water s y s t e m ,  a t w o - t r a i n  
r e d u n d a n t  s y s t e m ,  removes heat from t u r b i n e  p l a n t  components ,  t h e  
con ta inmen t  c o o l e r s ,  t h e  s p e n t  f u e l  p o o l ,  and t h e  emergency diesel  
g e n e r a t o r s  (DCs). The component c o o l i n g  s y s t e m  c o o l s  t h e  r e a c t o r  
c o o l a n t  pumps, t h e  high-  and l o w - p r e s s u r e  s a f e t y  i n j e c t i o n  pumps, and 
t h e  sample  c o o l e r s .  I t  a l s o  p r o v i d e s  shutdown c o o l i n g  and  g e n e r a l l y  
s e r v e s  as t h e  i n t e r m e d i a t e  c o o l i n g  s y s t e m  and barrier between 
r a d i o l o g i c a l  r e a c t o r  a u x i l i a r y  s y s t e m s  c o n t a i n i n g  r a d i o a c t i v e  f l u i d s  and 
t h e  s a l t  water c o o l i n g  s y s t e m .  The CCW s y s t e m  is d e s i g n e d  w i t h  
r edundancy ,  b u t  i t s  two t r a i n s  are n o t  i s o l a t e d .  

The main power f o r  t h e  C a l v e r t  C l i f f s  S t a t i o n  is s u p p l i e d  by t w o  
separate 500-kV/13.8 kV p l a n t  s e r v i c e  t r a n s f o r m e r s  c o n n e c t e d  t o  t h e  
500-kV s w i t c h y a r d .  P l a n t  backup is p r o v i d e d  by a n o t h e r  13.8-kV s u p p l y  
t h r o u g h  a h i g h - r e l i a b i l i t y  69-kV/13.8-kV t r a n s f o r m e r  f rom t h e  S o u t h e r n  
Maryland Elec t r ic  C o o p e r a t i v e  S y s t e m .  Power from t h e  U n i t  1 and  U n i t  2 
g e n e r a t o r s  a t  25 kV and 22 kV,  r e s p e c t i v e l y ,  i s  f e d  t o  t h e  main u n i t  
t r a n s f o r m e r s  and o u t  t o  t h e  500-kV s w i t c h y a r d  b u s e s .  E i t h e r  500-kV bus  
c a n  s u p p l y  l o a d s  f o r  bo th  u n i t s .  The 13.8-kV s y s t e m  powers t h e  r e a c t o r  
c o o l a n t  pump l o a d s  and t h e  4-kV d i s t r i b u t i o n  s y s t e m s  v i a  two 13.8-kV 
s e r v i c e  b u s e s .  S e p a r a t i o n  o f  u n i t  l o a d s  and r e d u n d a n t  sa fe ty  b u s e s  is 
p r o v i d e d  a t  t h e  4-kV l e v e l .  Three DGs s u p p l y  t h e  p l a n t  emergency l o a d s  
t o  t h e  safety-related b u s e s ,  w i t h  one  o f  t h e  three shared between 
U n i t s  1 and  2.  P l a n t  dc l o a d s  are s u p p l i e d  t h r o u g h  f o u r  i n d e p e n d e n t  and 
i s o l a t e d  c h a n n e l s ,  each e q u i p p e d  w i t h  ba t t e r i e s  and two b a t t e r y  c h a r g e r s .  
The f o u r  dc  c h a n n e l s  are shared between t h e  two u n i t s .  Each c h a n n e l  
powers two v i t a l  120-V ac i n s t r u m e n t  b u s e s ,  one  p e r  u n i t ,  t h r o u g h  s t a t i c  
i n v e r t e r s .  The v i t a l  b u s e s  power e s s e n t i a l  i n s t r u m e n t a t i o n  and r e a c t o r  
p r o t e c t i o n  c i r c u i t s .  They  can  a l s o  be  s u p p l i e d  f rom t h e  480-V ac motor 
c o n t r o l  c e n t e r s  ( M M C s )  t h r o u g h  t r a n s f o r m e r s .  I n  a d d i t i o n ,  a b a t t e r y -  
backed 250-V dc bus  and a r e s e r v e  125-V d c  bus are shared by t h e  two u n i t s .  
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A complete list of Calvert Cliffs systems is provided in Appendix A 
(Vol. 2 of this report). This list was developed as a basis for the 
identification and selection of systems pertinent to the scope of this 
analysis (safety implications of control systems). The selection and 
identification process is summarized in Sect. 3.1. More detailed system 
descriptions of the systems selected for detailed analysis are provided 
in Appendix B in Vol. 2 of this report. Additional information is 
provided in the Calvert Cliffs FSAR’ and the various BG&E system 
descriptions. 

Section 3.2 highlights the plant operating experiences pertinent to this 
analysis. 

3.1 IDENTIFICATION AND SELECTION OF SYSTEMS PERTINENT TO SICS 

A primary task of the control systems analysis is to perform FMEAs on 
plant systems to develop accident scenarios for simulation. Performing 
detailed FMEAs on the large number of systems in a nuclear power station 
is not practical. Therefore, a method is required to (1 )  identify all 
Calvert Cliffs systems, and (2) systematically select those control 
systems requiring FMEAs. The methodology must also provide a means of 
tracking and reevaluating systems not selected f o r  FMEA to ensure 
completeness. 

3.1.1 Selection Methodology 

The methodology developed to identify and select plant systems for 
analysis is depicted in Fig. 3.1. The method was implemented in six 
basic steps: 

1. 
2. 

3. 

4. 

5 .  

6. 

Identify and list all Calvert Cliffs systems. 
Exclude and list systems beyond the scope of the control systems 
analysis. 
From the balance of systems, select and list for FMEA all systems 
having a direct interface with the RCS (including the RCS itself). 
These systems make up the primary RCS interface systems. 
From the balance of systems, select and list for FMEA all systems 
having a direct interface with any of the primary RCS interface 
systems. These systems make up the secondary RCS interface systems 
From the balance of systems, select and list f o r  FMEA all systems 
having a direct interface with safety systems. These systems make 
up the safety system interface systems. 
Compile and reevaluate all systems not selected for FMEA. Based on 
the reevaluation, additional systems may be selected for FMEA. 

The first task, identification of Calvert Cliffs systems, is basic to 
subsequent control systems analyses. Two principal sources of 
information were used to identify the plant systems, a generic PWR plant 
systems listg and the Calvert Cliffs FSAR.” The method used to 
identify systems employed the generic systems list as a base. The 
specific Calvert Cliffs systems with functions analogous to each of the 
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TABLE A t 3  

TABLES Al-A7 IDENTIFY LALVERTJ 

SELECT SYSTEMS 
INTERFACING WITH 
SAFETY SYSTEMS 

SYSTEMS + 
EXCLUDE: SAFETY SYSTEMS 

WITHIN SCOPE OF 
CONTROL SYSTEMS SYSTEMS WITH NO 

POST-TRIP FUNCTIONS 
SYSTEMS I N  OPERATION 

ONLY FOLLOWING 

I 

R C S  A N D  PRIMARY 
RCS INTERFACING 
SYSTEMS 

INTERFACING WITH 

SYSTEMS 

_ _ _ - - - - - - - - - - - - 
IDENTIFY A N D  

SYSTEMS NOT 
SELECTED FOR 

*NOTE: T a b l e s  A . l  th rough A . 1 3  can b e  found i n  A p p e n d i x  A .  

TABLE 3 . 2  

_-I 

1 

Fig. 3.1. System selection methodology. 
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generic systems were then identified, primarily from the FSAR 
descriptions. In this way all generic PWR system functions would have 
an identified Calvert Cliffs Plant system, o r  the omission could be 
identified and resolved using supplementary information. In a similar 
manner, the identified Calvert Cliffs systems were compared to the 
systems described in the FSAR to ensure that all systems and functions 
of importance were included. 

Once the Calvert Cliff systems were identified, the functions of these 
systems were evaluated to narrow the number of plant systems to the 
specific scope of the plant control systems analysis. In this way the 
analytic effort could be focused on plant control systems analyses, mini- 
mizing analyses that would be duplicated in other programs in progress. 
The systems not considered within the program scope included the 
following: 

Standby safety systems: Standby safety systems have been evaluated 
extensively in other programs, and the study of their failure modes 
in this control systems analysis would be redundant. However, 
safety qualification of a system is insufficient basis for 
exclusion; therefore, safety systems performing a control function 
were included in the analysis. Furthermore, the response of safety 
systems to transients initiated by control system failure were 
considered because identifying control system failures that degrade 
safety functions is a major objective of the program. 

2. Systems isolated by reactor trip: During power operation, the plant 
systems are controlled within specified parameter limits. If these 
limits are exceeded, a reactor trip will be initiated. Failure to 
trip (failure of a standby safety system) is being studied as part 
of the Anticipated Transient Without Scram (ATWS) Program and will 
not be considered in this analysis. Once the reactor is tripped, 
some plant systems are isolated and cannot affect the course of the 
posttrip transient [e.g., the control element drive (control) 
system]. Since a reactor trip transient is not itself of concern in 
this analysis, systems isolated following reactor trip were not 
evaluated in the control systems analysis. 

3. Shutdown systems: Certain Calvert Cliffs Plant systems such as the 
residual heat removal system shutdown cooling system and reactor 
refueling equipment are manually placed in service following 
shutdown and depressurization of the reactor. The residual heat 
removal systems are being evaluated in other analysis programs. 
Since these shutdown systems would not be placed in service in 
response to control system-induced transients, their failure modes 
were not evaluated in this program. 

The above evaluation divides the Calvert Cliffs systems into two 
categories: systems excluded f o r  the specific reasons listed above, and 
the balance of plant systems. Failures in the systems included in the 
balance of systems list have the potential to affect plant transients to 
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varying degrees. These systems were next evaluated to assess their 
potential to affect RCS overcooling, RCS undercooling, SG overfill, or 
the performance of safety systems. 

The balance of systems list is categorized based on an evaluation of the 
functional interfaces of each system. The potential to affect RCS 
undercooling or overcooling was evaluated first by selecting the systems 
having a direct interface with the RCS. These are the primary RCS 
interface systems. In addition, a second evaluation was made to 
identify those systems not included in the primary interface systems 
list but having an interface with a primary RCS interface system. These 
systems are the secondary RCS interface systems. 

The potential for affecting safety system performance was also evaluated 
based on functional interfaces. Systems not included as a primary or 
secondary RCS interface system were selected for analysis if an 
interface with a safety system could be identified. 

From the lists of selected and nonselected Calvert Cliffs systems, two 
categories developed: a list of systems to be analyzed further and a 
list of systems not selected. The systems to be analyzed consist of the 
primary and secondary RCS interface systems and the safety system inter- 
face systems. The nonselected systems .include all others: those 
excluded based on specific program scope definitions and those having no 
identified primary RCS, secondary RCS, or safety system interface. 

The final analysis in the system selection process is the reevaluation 
of nonselected systems. Each of the nonselected systems was 
individually reevaluated to assess whether it could impact RCS 
overcooling, undercooling, or safety system performance on some other 
basis (e.g., a particularly important tertiary RCS interface). In 
addition to the  initial qualitative reevaluation, the list of 
nonselected systems may be reevaluated at any time based on the results 
of detailed systems FMEAs. 

For details of system selection (intermediate results, etc.), refer t o  
Appendix A, "Selection of Systems for Analysis." 

3.1.2 Summary of Systems Selected for FMEA 

Completion of the first five steps of the methodology described in 
Sect. 3.1.1 results in the selection of 35 systems and the exclusion of 
36 systems. 
criteria used in selecting them is provided in Table 3.1. A list 
summarizing the systems eliminated from further analysis and the basis 
for their elimination is provided in Table 3.2. 

A list summarizing the systems selected for FMEA and the 

Systems selected for system-level and component-level FMEA include those 
which have a direct interface with the RCS, those which interface with a 
primary interface of the RCS, and those which interface with safety 
systems. 
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Table 3.1. Summary of Calver t  Cliffs systems s e l e c t e d  for FMEA --- --- --- --- 
Calve r t  C l i f f s  

System ID* Calve r t  Cliffs System Reason f o r  S e l e c t i o n  
_.---- - - 

NO 4 

N04.A (and  
N09.B) 

N04.B (and 
~ 0 3 .  B) 

NO9 (and N O S )  

N09.A 

N09.C 

C03 (and CO8) 

CO 5 

COB. B 

EO1 (and E071 

Eo2 

Reactor Coolant System 
( R C S )  

Reactor Regulating System 

Reactor Coolant Pressure 
Regulating System 

Chemical and Volume 
Control System (CVCS) 

P r e s s u r i z e r  Level Regulating 
system 

F l e c t r i c  Beat Tracing 

Containment Air 
Rec i rcu la t ion  and Cooling 
System 

Containment Purge System 

P r e s s u r i z e r  Compartment 
Cooling 

500 KV Switchyard and 
Unit Transformer 

13,800, 4160 and 480 Volt 
S t a t i o n  Power D i s t r i b u t i o n  
Systems 

125 Volt DC and 120 Volt AC 
E l e c t r i c  Power Systems 

Response of RCS provides  the 
b a s i s  f o r  e v a l u a t i n g  c o n t r o l  
sys tem f a i l u r e s  

Direct RCS i n t e r f a c e ,  p a r t  of 
RCS, es tabl ishes  p r e s s u r i z e r  
l e v e l  8e t p o i n t  

D i rec t  RCS i n t e r f a c e ,  p a r t  of 
RCS 

Primary RCS i n t e r f a c e  

Primary RCS f n t e r f  ace, c o n t r o l s  
f l o w  t o  and from t h e  RCS 

P a r t  of CVCS sys tem,  secondary 
RCS i n t e r f a c e  

Primary RCS i n t e r f a c e ,  provide 
coo l ing  for p r e s s u r i z e r  
components, CEDM and 
i n c o n t a l m e n t  RCS 
in s t rumen ta t ion  components 

Secondary RCS i n t e r f a c e ,  
Containment Air Rec i r cu la t ion  
and Cooling System (C03) 
provides  cool ing  f o r  purge 
system electrical  components 

Primary R C S  i n t e r f a c e ,  c o n s i s t s  
of ductwork used t o  cool the 
p r e s s u r i z e r  compartment 

Offsite Power 

Motive power for  major p l a n t  
components i n  selected systems 

Powers s e l e c t e d  Ins t rumen ta t ion  
s y s t e m s  
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Table 3.1 (continued) 
-7 

Calve r t  C l i f f s  
System ID. Calve r t  C l i f f s  System Reason f o r  S e l e c t i o n  - - -I-- 

Eo6 

PO1 (and PO31 

PO2 (and P04.A)  

P02. A 

~03. A 

PO5 (and P04.B) 

P05. A 

PO7 

PO8 

Plant Computer 

Main Steam System 

Turbine Generator and 
Condenser System 

Turbine Generator Control 
System 

Steam Dump and Turbine 
Bypass Control System 

Condensate and Feedwater 
System 

Feedwater Regulating System 

Steam Generator Blowdown 
System 

Auxi l ia ry  B o i l e r  Steam 
system 

Primary RCS i n t e r f a c e ,  
i n t e r f a c e s  wi th  RCS 
ins t rumen ta t ion  

Primary RCS i n t e r f a c e ,  
i n t e r a c t i v e  i n t e r f a c e  

Secondary RCS i n t e r f a c e ,  
i n t e r f a c e  with Main Steam 
System ( P o l ) ,  provides 
i s o l a t i o n  of steam flow from 
mafn steam l i n e s  

Secondary RCS i n t e r f a c e ,  
i n t e r f a c e  w i t h  Auxiliary 
Control Panels (S04), SO4 
provides tu rb ine  t r i p  from 
o u t s i d e  the  c o n t r o l  room 

Secondary RCS i n t e r f a c e ,  
i n t e r f a c e  wi th  Main Steam 
System (PO 1 1 ,  provides c o n t r o l  
of steam dump 

Primary RCS i n t e r f a c e ,  
i n t e r a c t i v e  i n t e r f a c e  

Primary RCS i n t e r f a c e ,  
i n t e r a c t i v e  i n t e r f a c e  

Primary RCS i n t e r f a c e ,  due t o  
i n t e r f a c e  with steam g e n e r a t o r s  

Secondary RCS i n t e r f a c e  w i  th 
Condensate and Feedwater System 
(PO51 fo l lowing  p l a n t  shutdown. 
Safe ty  system i n t e r f a c e  wi th  
Sa fe ty  I n j e c t i o n  System (S031, 
provides p l a n t  hea t ing  which 
b e a t s  r e f u e l i n g  water s t o r a g e  
tank 
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Table 3. I (continued) 

C a l  v e r t  C l i f f s  
System ID+ Calver t  C l i f f s  System Reason f o r  S e l e c t i o n  

WO1 . A  Waste Gas Processing System 

WO1.Bl (and Reactor Coolant Waste 
W04. A )  Processing System 

WOl .B2 Miscellaneous Waste 
Processing System 

W01. c 

wo 2 

~ 0 3 .  A 

W03. B 

W04. B 

W07. B 

So l id  Waste Processing 
System 

Radiation Monitoring System 

Component Cooling Water 
System 

Se rv ice  Water System 

S a l t  Water Cooling System 

Instrument Air System 

Secondary RCS i n t e r f a c e ,  
i n t e r f a c e  wi th  CVCS (NO91 due 
t o  intermit tent  vent ing  of 
volume c o n t r o l  tank 

Secondary RCS i n t e r f a c e ,  
interface with CVCS (N091, 
r e a c t o r  coolan t  is d i v e r t e d  
from CVCS f o r  process ing  

Secondary RCS i n t e r f a c e ,  
i n t e r f a c e  with Steam Generator 
Blowdown System (PO71 , 
p r  oc e s  se a bl  ow dow n 

Secondary RCS i n t e r f a c e ,  
i n t e r f a c e  with CVCS (N091, 
provides  i n t e r m i t t e n t  d i s p o s a l  
f o r  CVCS spen t  r e s i n s  

Secondary RCS i n t e r f a c e ,  
i n t e r f a c e  with Steam Generator 
Blowdarn System (P07) ,  monitors 
blowdown r a d i a t i o n  and i s o l a t e s  
blowdown l i n e  

Primary RCS i n t e r f a c e ,  coo l s  
RCS components 

Secondary RCS i n t e r f a c e ,  
i n t e r f a c e s  wi th  Condensate and 
Feedwater System (P05), 
Containment Air Rec i rcu la t ion  
and Cooling System ( C O 3 ) ,  and 
o t h e r s  

Secondary RCS i n t e r f a c e ,  
i n t e r f a o e  w i t h  component 
coo l ing  water s y s t e m  (W03. A ) ,  
provides  heat sink for CCW 

Secondary RCS i n t e r f a c e  wi th  
CVCS (N091, r equ i r ed  f o r  
ope ra t ion  of CVCS v a l v e s  
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Table 3.1 (continued) 

Calver t C 1  i f  f a 
System ID# C a l v e r t  C l i f f s  System Reason for S e l e c t i o n  

woe Sampling System Primary RCS interface 

WO9. A 

WO9. B 

X05. 81 

X05. D 

Hydrogen Gas System Secondary ACS interface w i t h  
CVCS (NO91 
makeup 

provides  H2 t o  RCS 

Nitrogen Gas System S a f e t y  system i n t e r f a c i n g  
system, provides  n i t r o g e n  for 
S I  accumulators 

Turbine Building 
Ventilating System 

Auxi l ia ry  Building 
Ventilating System 

Secondary RCS i n t e r f a c e  w i t h  
Condensate and Feedwater System 
(P05) provides Cooling f o r  
Turbine Building Electrical 
Components 

S a f e t y  system i n t e r f a c i n g  
system, bel ieved t o  provide 
cool ing  t o  CVCS (NO91 
components 

#See Appendix A. 
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Table 3.2. Summary of Calvert Cliffs systems not selected for F M E A  

Cal ver  t C1 If f s 
System ID# Calver t C l i f f  s System Reason f o r  Non-Selection 

NO I Reactor Core Out of program scope since i t  
is a s a f e t y  system 

NO 2 

NO3 

Control Element Drive 
Mechanisms (CEDH) 

Do not i n f luence  t r a n s i e n t 8  
fo l lowing  r e a c t o r  t r i p  

Control Element Drive 
sy 3 t ems 

Do not i n f luence  t r a n s i e n t s  
fo l lowing  r e a c t o r  t r i p  

NO6 Reactor P r o t e a t i v e  System 
(RPS) 

Out of program scope since i t  
is a s a f e t y  system and has  no 
f u n c t i o n  fo l lowing  r e a c t o r  t r i p  

Out of program scope s i n c e  the  
N I  ha s  no func t ion  f o l l o u i n g  
r e a c t o r  t r i p  

Nuclear Ins t rumenta t ion  
System ( N I )  

NO 8 Shutdoun Cooling System Out of program scope s i n c e  t h e  
system is only used fo l lowing  
p l a n t  shutdown and 
d e p r e s s u r i z a t i o n  

so 2 

s03. A 

s03. B 

Out of program scope s i n c e  t h e  
system is a s a f e t y  system 

Engineered Sa fe ty  Features 
Aatuation System (ESFAS) 

High Pressure Safety 
I n j e c t i o n  Subsystem (HPSI) 

Out of program scope s i n c e  t h e  
system is a sa fe ty  system 

Sa fe ty  I n j e a t i o n  Tanks Out of program scope s i n c e  
these  tanks are p a r t  of a 
s a f e t y  system 

SO4 Auxiliary Control Panels 
and Other Local Control 
Panels 

Considered a s a f e t y  ayatem 

Out of program scope s i n c e  the 
system is a s a f e t y  system 

s03. c 

SO 5 

c02 

Low Pressure Safety 
I q j e c t i o n  Subsystem (LPSI) 

Auxiliary Feedwater System 
( AFS 1 

Out of program scope s i n c e  the 
AFS is a s a f e t y  sys tem 

Containment S t r u c t u r e  Out of program scope s i n c e  the  
containment a t r u c t u r e  and 
p e n e t r a t i o n s  are s a f e t y  s y s t e m s  
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T a b l e  3.2 (continued) 

Calver t C 1  i f  f 5 
System ID* Calvert  Cliffs System Reason f o r  Non-Selection 

C04 

C07. A 

C07 B 

COB. A 

C I O . A  

CIO.B 

c11 

EO 4 

PO6 

WO 5 

Containment I s o l a t i o n  System Out of program scope s i n c e  the 
Containment I s o l a t i o n  System is 
a s a f e t y  system 

E l e c t r i c  Hydrogen 
Recombiner 

Out of program scope s i n c e  pos t  
accident  hydrogen c o n t r o l  
systems are s a f e t y  systems 

Hydrogen Purge System Out of program scope s i n c e  post  
acc iden t  hydrogen c o n t r o l  
s y s t e m s  are s a f e t y  systems 

CEDM Cooling System Do not i n f luence  t r a n s i e n t s  
following r e a c t o r  t r i p  

Containment Spray System Out of program scope s i n c e  
system is a s a f e t y  sys tem 

Containment Iodine Removal Out of program scope s i n c e  
System sys tem is a safety sys tem 

Containment Pene t r a t ion  Out of program scope s i n c e  
Room V e n t i l a t i o n  System sys tem is a s a f e t y  system 

Emergency Diesel  Genera tors  Out of program scope s i n c e  
emergency power systems are 
s a f e t y  systems 

C i r c u l a t i n g  S a l t  Water System has no primary o r  
Cooling System secondary i n t e r f a c e  w i t h  the 

RCS and no i n t e r f a c e  with 
s a f e t y  systems. It does 
i n t e r f a c e  wi th  Turbine 
Generator and Condenser System 
(PO2), and t h i s  is a t e r t i e r y  
RCS interface 

Reactor Component Handling Out of program scope since 
4 uipment equipment only opera t e s  du r ing  

cold shutdown 
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Table 3.2 (continued) 

C a l  ver  t C l i f f s  
System ID* Calve r t  C l i f f s  System Reason for Non-Selection 

W06 Spent Fuel Storage System 

W06. A 

W07. A 

xo 2 

XO 3 

X05.A (and 
X05.Dl) 

105.82 

Spent Fuel Pool Cooling 
System 

P l a n t  Air System 

F i r e  Pro tec t i o n  Sys tea 

P1 an t Communications System 

Control and C a b l e  Spreading 
Rooms V e n t i l a t i n g  System 

Auxiliary Feedwater Pump 
Room Emergency Cooling 
System 

System has no primary or 
secondary i n t e r f a c e  w i t h  t h e  
RCS dur ing  power ope ra t ion  and 
no i n t e r f a c e  with i d e n t i f i e d  
s a f e t y  systems 

System has no primary or 
secondary i n t e r f a c e  wi th  the 
RCS dur ing  paver ope ra t ion  and 
no i n t e r f a c e  w i t h  i d e n t i f i e d  
s a f e t y  systems 

System has no primary or 
secondary i n t e r f a c e  w i t h  the 
RCS and no i n t e r f a c e  w i t h  
i d e n t i f i e d  s a f e t y  sys tems 
(Note: P l a n t  air compressors 
backup the tunc t i o n  performed 
by t h e  ins t rumenta t ion  
compressors) 

System has no primary or 
secondary i n t e r f a c e  wi th  the 
RCS and no i n t e r f a c e  wi th  
i d e n t i f i e d  s a f e t y  sys tems 

System has  no primary or 
secondary i n t e r f a c e  wi th  the 
RCS and has no i n t e r f a c e  wi th  
i d e n t i f i e d  s a f e t y  systems. 
Although formal FMEA of t h e  
p l a n t  communication sys tems 13 
not coosidered necessary,  the 
importance of communication in 
post-accident recovery is  
recognized, as d iscussed  i n  
Seot ion  3.2. 

Out of program scope s i n c e  
system is a sa fe ty  sys tem 

Out of program scope s i n c e  
sys tem is a s a f e t y  sys tem 
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T a b l e  3.2 (continued) 

Calvert  Cliffs 
System ID4 Calve r t  Cliffs System Reason f o r  Non-Selection 

X05.C (and Diesel Generator Roans Out  of program scope s i n c e  
XO5.D4) Ventilating System system is a s a f e t y  sys tem 

X05. D2 Access Cont ro l led  Area Systems have no primary or 
Ventilating Systems secondary i n t e r f a c e  w i t h  t h e  

RCS and have no i n t e r f a c e  w i t h  
i d e n t i f i e d  s a f e t y  systems 

X05. D3 

X05.D5 (and 
X05. E)  

X05. D6 

Swi tchgear  Rooms 
Ventilating System 

Spent Fuel Pool 
Ven t i l  atlng Sys t em 

Out of program scope s i n c e  
system is a s a f e t y  sys tem 

System has no primary or 
secondary I n t e r f a c e  with the  
ACS and has  no i n t e r f a c e  w i t h  
i d e n t i f  i e d  saf e ty  sys tems 

Aadwaste Area Ventilating System h a s  no primary of 
System secondary i n t e r f a c e  with the 

RCS and has  no i n t e r f a c e  w i t h  
i d e n t i f i e d  s a f e t y  s y s t e m s  

X05. D7 ECCS Pump Room V e n t i l a t i n g  Out o f  program scope s i n c e  
System system is a s a f e t y  sys tem 

'See Appendix A. 
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3 .2  PLANT O P E R A T I N G  EXPERIENCE 

3.2.1 I n t r o d u c t i o n  

I n t e r e s t  i n  p r o c e s s  c o n t r o l  s y s t e m  per formance  and s a f e t y  i m p l i c a t i o n s  
f o r  n u c l e a r  power p l a n t s  has  been e x t a n t  f o r  some time. Some component 
f a u l t s  a n d / o r  f a i l u r e s  have on o c c a s i o n  t r i g g e r e d  s e q u e n c e s  o f  
o c c u r r e n c e s  t h a t  have  r e s u l t e d  i n  r e a c t o r  t r a n s i e n t s ,  some r e q u i r i n g  
safety s y s t e m  i n t e r v e n t i o n .  A s t u d y  o f  p l a n t  o p e r a t i n g  e x p e r i e n c e s  
r e l e v a n t  t o  SICS has two purposes .  F i r s t ,  s u c h  a s t u d y  may uncover  o r  
s u g g e s t  s e q u e n c e s  o f  i n t e r e s t  n o t  d e t e c t e d  by broad  FMEA o r  s i m u l a t o r  
e x e r c i s e s .  Second,  some rough  idea o f  t h e  p r o b a b i l i t i e s  o f  t h e  major 
s e q u e n c e s  o r  s equence  p r e c u r s o r s  may be d e r i v e d  from t h e  r a t e  a t  which 
c o n t r o l  sys t em m a l f u n c t i o n  e v e n t s  have  o c c u r r e d .  

O p e r a t i n g  e x p e r i e n c e s  f o r  C a l v e r t  C l i f f s  U n i t s  1 and  2 were rev iewed  t o  
i d e n t i f y  and p l a c e  i n  p e r s p e c t i v e  p o s s i b l e  s i g n i f i c a n t  e v e n t s  p e r t i n e n t  
t o  t h e  R C S .  Special  a t t e n t i o n  was g i v e n  t o  sys t em o v e r f i l l / o v e r c o o l i n g  
and u n d e r f i l l / u n d e r c o o l i n g  e x p e r i e n c e s  t h a t  had s i g n i f i c a n t  i m p l i c a t i o n s  
f o r  r e a c t o r  s a fe ty .  Also n o t e d  were related man-machine e v e n t s ,  some of 
which r e q u i r e d  spec ia l  ment ion  and a few o t h e r s  t h a t  a p p e a r e d  g e n e r i c  i n  
s a f e t y  s i g n i f i c a n c e  and t h a t  c o u l d  have happened i n  any p l a n t .  These 
are a l l  n o t e d  t o  p r o v i d e  a n o t h e r  data s o u r c e  f o r  FMEA model ing  and 
a n a l y s i s .  

I n f o r m a t i o n  was c o l l e c t e d  from r e a d i l y  a v a i l a b l e  o p e r a t i n g  e x p e r i e n c e  
r e p o r t s ,  L E R s ,  r e g u l a t o r y  documents,  and three da ta  bases: ( 1 )  Sequence 
Coding and Search Sys tem Database f o r  LERs, ( 2 )  N S I C  f i l e  on t h e  DOE 
RECON Sys tem,  and ( 3 )  Nuclear Power E x p e r i e n c e  and Data S o u r c e ,  by 
S. M. S t o l l e r  Corp. The p e r i o d  r ev iewed  f o r  t h e  two u n i t s  a t  C a l v e r t  
C l i f f s  was from i n i t i a l  o p e r a t i o n  t h r o u g h  ear ly  1985. The data banks  
were rev iewed  f i r s t  f o r  u n i t  t r a n s i e n t s  and scrams, second  f o r  manual 
t r i p s ,  and t h e n  f o r  o t h e r  e v e n t s  s i g n i f i c a n t  t o  t h i s  r e p o r t  (see 
Tables 3 .3 ,  3 . 4 ,  and 3.5). Loss o r  impai rment  o f  s y s t e m s  o r  s u b s y s t e m s  
f o r  v a r i o u s  r e a s o n s  were examined f o r  s i g n i f i c a n c e ,  c o l l a t e d ,  and 
a n a l y z e d  f o r  i m p a c t  on power p l a n t  safety. A s c a n  of s i m i l a r l y  a c q u i r e d  
da ta  f o r  t h e  o t h e r  C-E p l a n t s  was t h e n  made f o r  t h e  pu rpose  o f  
u n c o v e r i n g  t r e n d s  and g e n e r i c  o r  common problems.  A b r i e f  d i s c u s s i o n  o f  
o b s e r v a t i o n s  and comments f o l l o w s .  

3 .2 .2  C a l v e r t  C l i f f s  U n i t s  1 and 2 

Our r e v i e w  o f  o p e r a t o r  e r r o r s  t h a t  produced  t r a n s i e n t s  i n  t h e  c o n t r o l  o f  
t h e  r e a c t o r  i n d i c a t e d  t h a t  C a l v e r t  C l i f f s  a p p e a r e d  t o  have  more t h a n  t h e  
i n d u s t r y  a v e r a g e .  T h i s  is p r o b a b l y  due t o  t h e  f ac t  t h a t  many o f  t h e  
major p a r a m e t e r s  are under  manual ( o p e r a t o r )  c o n t r o l .  I n  e f f e c t ,  t h i s  
makes t h e  C a l v e r t  C l i f f s  o p e r a t o r s  a much more c r u c i a l  p a r t  of the  
c o n t r o l  s y s t e m s  and r e s u l t s  i n  t h e i r  a c t i o n s  b e i n g  f a c t o r e d  i n t o  t h e  
SICS s t u d y .  One m a n i f e s t a t i o n  o f  t h i s  o c c u r s  a t  low power ( i . e . ,  e i ther  
d u r i n g  s t a r t u p  o r  shu tdown) .  Many o f  t h e  p e r t u r b a t i o n s  r ev iewed  were 
l o a d i n g  changes  a t  t h e  main t u r b i n e  t h a t  were c a u s e d  when the  o p e r a t o r  



Table  3.3.  C a l v e r t  C l i f f s - 1  r e l e v a n t  o p e r a t i n g  e x p e r i e n c e s  

D e s c r i p t i o n  
Date LER ( c a u s e ,  c o n s e q u e n c e s ,  c o r r e c t i v e  a c t i o n s )  

5 / 2 3 / 7 5  

8 /14 /75  

4 /2 /76  

9 /5 /76  

9 /29/76  

10 /13 /76  

4 /2 /77  

5 /2 /77  

511 8 /77  

4 / 1 1  / 78  

4 /13 /78  

5/11 /78  

1011 0178 

10 /20 /78  

75-036 FW header s t o p  v a l v e  f a i l e d ;  quench ing  o f  header 
steam v o i d s  produced  damaging water hammers. 
A u x i l i a r y  feedwater s y s t e m  p r o c e d u r e s  were m o d i f i e d .  

E x c e s s i v e  condense r  t e m p e r a t u r e  r i s e  caused  by f i s h  
impingement on i n t a k e  s c r e e n s .  

F a i l u r e  o f  a s u r g e  s u p p r e s s o r  on B p h a s e  of 
1 1 A  r e a c t o r  c o o l a n t  pump motor (22-h f o r c e d  ou tage) .  

Un i t  t r i p p e d  due t o  f a l s e  r o d  d r o p  s i g n a l  (16-h 
f o r c e d  o u t a g e  1 . 
T r i p  c a u s e d  by c o n t r o l  problem r e s u l t i n g  f rom 
m a l f u n c t i o n  of computer i n p u t  c i r c u i t r y  (18-h 
f o r c e d  o u t a g e ) .  

76-042 P r e s s u r i z e r  l e v e l  c o n t r o l  and heaters l o s t ;  f a i l u r e  
o f  computer c o n t r o l  card .  

M a l f u n c t i o n  o f  t u r b i n e  c o n t r o l  sys t em resu l ted  i n  
i n t e r c e p t  v a l v e  c l o s u r e  (10-h  f o r c e d  o u t a g e ) .  

Repa i r ed  vacuum t r i p  s e n s i n g  l i n e  on  No. 1 1  feedpump 
t u r b i n e  (8-h f o r c e d  o u t a g e ) .  

77-33 Azimuthal power t i l t  exceeded l i m i t ;  power l e v e l  
changed a t  low powers. Operator error. (S imi la r  
o c c u r r e n c e s :  L E R s  77-81, 77-87, 77-89, 77-90, 
77-98, 77-99, 77-102, 77-103, 77-108, 77-125, 
78-008, and 78-028.) 

High S G  l e v e l  (16-h f o r c e d  o u t a g e ) .  

E lec t r ica l  n o i s e  i n i t i a t e d  s p u r i o u s  r e a c t o r  t r i p  
(31 -h f o r c e d  o u t a g e ) .  

Electr ical  n o i s e  c a u s e d  s p u r i o u s  s i g n a l  i n  r e a c t o r  
p r o t e c t i o n  s y s t e m  (10-h  f o r c e d  o u t a g e ) .  

13-kV c i r c u i t  breaker t r i p p e d ;  c a u s e  unknown (14-h 
f o r c e d  o u t a g e ) .  

78-047 13-kV breaker t r i p p e d ,  r e s u l t i n g  i n  a u n i t  scram; 
c a u s e  unknown. 



Table 3.3 (continued) 
Description 

Date LER (cause, consequences, corrective actions) 

1 1  /I 6/78 

1 /22/78 

6/4/79 

711 9/79 

7/26/79 

8/12/79 

9/6/79 

10/6/79 

12/4/79 

2/11 /80 

3/1/80 

3/25/80 

4/21 /80 

4/25/80 

5/20/80 

Operational error while bypassing condensate filter 
system (4-h forced outage). 

High water level in No. 12B FW heater (5-h forced 
outage). 

79-015 Low pressure injection pump stopped; defective 
procedures. 

79-020 PORV failed to close fully after lifting; PORV out 
of adjustment following maintenance. 

High water levels in FW heater (17-h forced outage). 

Low SG level (7-h forced outage). 

Failed AP controller on No. 12 FW regulating valve 
(9-h forced outage). 

Loss of power to No. 12 SG feed pump speed control 
circuit (6-h forced outage). 

79-071 Loss of power to 500-kV bus; solid state relay card 
failure in circuit breaker. 

80-007 PORV inadvertently opened; spurious signal from 
pressure transmitter. Technician conducting a 
surveillance review. 

Loss of all circulating water pumps due to leak in 
No. 14 circulating water pump cooler onto the high 
water level trip circuitry in the intake structure 
(9.7-h forced outage). 

Voltage instability on reactor trip bus (24.1-h 
forced outage). 

Turbine/reactor trip due to voltage swings on motor 
generator sets for control element drive system 
(15.5-h forced outage). 

Undervoltage to reactor trip breakers while trouble- 
shooting motor generator sets (13.8-h forced outage). 

80-027 Loss of both service water system redundant trains 
(23.2-h forced outage). 
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Table 3.3 (continued) 
Description 

Date LER (cause, consequences, corrective actions) 

12/20/80 

1 /16/81 

1 /16/81 

311 3/81 

611 4/81 

6/30/81 

8/30/81 

9/15/81 

7/6/80 

711 1/82 

8/4/82 

8/22/82 

1 1  /9/82 

12/8/82 

80-058 Shutdown cooling flow lost; breaker opened 
spuriously. Cause undetermined. 

Trip caused by low SG level (8.1-h forced outage). 

No. 12 FW regulating valve malfunctioned (16.8-h 
forced outage). 

Tripped on low SG level when No. 12 FW regulating 
valve failed to shut due to controller problem 
(16.3-h forced outage). 

Tripped due to low SG level (11.0-h forced outage). 

Malfunction of instrument air dryers (5.4-h forced 
outage). 

81-067 Tripped while performing test on reactor protection 
system due to loose latch arm on No. 4 breaker 
(21.4-h forced outage). 

Tripped on low SG level (3.1-h forced outage). 
Pressurizer level deviations and RCS temperature 
swings caused by manual control during low power 
level operation. (Similar occurences: 81-040, 
81 -054, 81-057, 81 -069, 82-037, 82-050 , 82-061 , 
82-073, 82-079, 83-005, 83-055, 83-070, and 83-078 

82-038 Reactor tripped on high SG level due to loss of 
No. 1 1  feed pump (5.6-h forced outage). 

Tripped while conducting power-to-load unbalance 
test (4.6-h forced outage). 

Tripped due to an undervoltage spike on reactor bus 
(28.5-h forced outage). 

Tripped on low SG caused by loading main turbine too 
rapidly (8.9-h forced outage). 

82-068 Loss of power to FW regulating valves (18.6-h 
forced outage). 

Low voltage to control rods (12.8-h forced outage). 
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Table 3.3 (continued) 

Description 
Date LER (cause, consequences, corrective actions) 

311 9/82 

1 1  /30 /83  

4/15/83 

1 /27/84 

7/24/84 

8/28/a4 

I 012184 

82-01 o 

83-065 

83-01 5 

84-002 

84-007 

84-009 

84-01 3 

Plant computer failures rendered in-core detector 
monitoring system inoperable (defective analog 
multiplexer card). 

Two of four pressure transmitters on SIAS out of 
calibration; SI caused by environmental effects on 
transmitters. Transmitters will be modified o r  
replaced. 

Plant computer failures rendered in-core detector 
monitoring system inoperable (out-of-step Selections 
of multiple analog inputs blew a fuse). 

A l l  eight reactor trip breakers opened 
simultaneously; cause unknown. 

Power lost on a 4160-V emergency bus during testing 
due to operator error. Labeling on undervoltage 
logic modules to be improved. 

Trip caused by imminent loss of circulating water; 
traveling water screens clogged with fish. 

Trip caused by imminent loss of circulating water; 
traveling water screens clogged with fish. 
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Table 3.4.  C a l v e r t  C l i f f s - 2  r e l e v a n t  o p e r a t i n g  e x p e r i e n c e s  

D e s c r i p t i o n  
Date LER ( c a u s e ,  c o n s e q u e n c e s ,  c o r r e c t i v e  a c t i o n s )  

12 /27 /76  

12/27/76  

2 /3 /77  

411 5 /77  

411 7 /77  

10/27/77  

12/30/77  

1 / 3 /78  

2 /2 /78  

2 /7 /78  

2/21 /78  

311 4/78 

76-01 0 

76-01 1 

77-009 

77-041 

78-001 

78-002 

RCS t e m p e r a t u r e  decreased; lack of o p e r a t o r  
e x p e r i e n c e .  

P r e s s u r i z e r  l e v e l  dropped  below l i m i t ;  d u r i n g  low 
power o p e r a t i o n s ,  t h e  o p e r a t o r  found it n e c e s s a r y  t o  
scram the  r e a c t o r  i n  o r d e r  t o  s t a b i l i z e  t h e  
s i t u a t i o n .  

Computer i n v e r t e r  dc i n p u t  f u s e  blew; a c t u a t i o n  of  
computer i n v e r t e r  s y n c h r o n i z a t i o n  d i s c o n n e c t  
switches produced  a s l i g h t  phase  mismatch. 

M a l f u n c t i o n  o f  a t r i p  breaker (6-h f o r c e d  o u t a g e ) .  

Loss o f  No. 21 feedpump due t o  s p u r i o u s  t h r u s t  wear 
d e t e c t o r  s i g n a l  (8-h forced o u t a g e ) .  

RPS h igh  r e a c t o r  power t r i p p e d  u n i t ;  t r a n s i e n t  due 
t o  dropped  CEA n e a r  d e t e c t o r  ( b y p a s s e s  i n s t a l l e d  t o  
p e r m i t  ma in tenance  a l s o  p e r m i t t e d  a 2-out-of-4 
t r i p ) .  

Loca ted  and  removed a ground on No. 21 b a t t e r y  bus  
t h a t  c a u s e d  t h e  g e n e r a t o r  f i e l d  breaker t o  open 
( 1  9-h f o r c e d  o u t a g e ) .  

A ground on No. 21 M S I V  c o n t r o l  c i r c u i t  caused v a l v e  
t o  s h u t  (21-h f o r c e d  o u t a g e ) .  

M S I V  c l o s e d  c a u s i n g  r e a c t o r  t r i p ;  d u a l  g rounds  i n  
t h e  c o n t r o l  c i r c u i t r y .  

Diesel g e n e r a t o r  t r i p p e d  on g e n e r a t o r  f a u l t ;  r e v e r s e  
power t r i p .  Dur ing  t e s t ,  o u t p u t  of main u n i t s  was 
i n c r e a s e d .  

Lost S G  feed pump No. 22 due  t o  an  e r r o n e o u s  t h r u s t  
b e a r i n g  e x c e s s i v e  wear s i g n a l  (13-h f o r c e d  o u t a g e ) .  

While t r o u b l e s h o o t i n g  f o r  a ground on  No. 21 
125-V dc b u s ,  r e l a y  a c t i v a t i o n  caused  g e n e r a t o r  
f i e l d  breaker t o  open and u n i t  t o  t r i p  (15-h 
f o r c e d  o u t a g e ) .  
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Table 3.4 (continued) 
Description 

Date LER (cause, consequences, corrective actions) 

411 1/78 

411 3/78 

6/26/78 

7/4/78 

7/23/78 

811 4/78 

8/24/78 

9/14/78 

12/7/78 

3/1/79 

5/7/79 

9/8/79 

9/19/79 

10/12/79 

511 0180 

78-026 

78-027 

78-043 

Lost 500-kV bus (23-h forced outage). 

Lost 500-kV bus (18-h forced outage). 

Operational error while testing turbine-generator 
overspeed protection circuitry (14-h forced outage). 

While channel B RPS was bypassed for calibration, a 
channel C 120-V transformer overheated. When 
several C modules tripped operator erroneously 
energized channel B, which resulted in a trip 
(1 43-h forced outage). 

Speed controller failed, causing No. 22 feedpump to 
overspeed and trip (13-h forced outage). 

Level control problem on No. 22 heater drain tank 
(1 8-h forced outage). 

Azimuthal power tilt exceeded limits; power level 
change. Operator error. (Similar occurrences: 
79-047, 81-042, 81-044, 82-009, 82-040, 83-009, 
83-014, 83-055, and 83-070.) 

CEA dropped into the core; spike in power supply. 
Design modification under review. 

CEA dropped to bottom of core; spike in power 
supply (during surveillance testing). 

Low water level in No. 21 SG (15-h forced outage). 

Blown fuse on dc power to No. 21 inverter (9-h 
forced outage). 

Failure of capacitor in No. 21B reactor coolant 
pump motor (140-h forced outage). 

Loss of 21 MFW pump speed controller (17-h 
forced outage). 

Trip during low vacuum trip test (4-h forced 
outage). 

Loss of excitation to all main circulating water 
pumps (20.1-h forced outage). 
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Table 3.4 (continued) 

Description 
Date LER (cause, consequences, corrective actions) 

8/20/80 High pressurizer pressure when a technician 
inadvertently initiated SG isolation signal (5.3-h 
forced outage). 

9/14/80 80-043 Erratic level transmitter in SI tank (27.5-h forced 
outage). 

3/15/81 Trips due to low SG level when No. 22 FW regulating 
valve closed (4.8-h forced outage). 

4/12/81 81-021 Reactor trip on high SG level; returning to full 
load from a leak in No. 21 condenser, the operator 
shot an excessive amount of boric acid into the 
reactor coolant system (169.1-h forced outage). 

4/19/81 

9/23/81 

2/24/82 

4/17/82 

7/14/82 

8/23/82 

Returning from the above outage, the reactor 
tripped on low SG level due to problems with the 
turbine auto stop oil system on the No. 21 FW 
regulating bypass valve controller (8.1-h forced 
outage). 

Main steam isolation valve No. 21 failed to open 
(38.8-h forced outage). 

Reactor tripped on low SG level while trouble- 
shooting the automatic control circuit on No. 21 FW 
regulating valve; maintenance error (8.8-h forced 
outage). 

Technician error caused reactor to trip when two 
control element assemblies dropped into the core 
(13.3-h forced outage). 

Failure of the signal integrator supplied to the 
speed control on both MFW pumps. No. 2 unit was 
reduced to various load levels almost an entire 
month due to condenser tube leaks (21.7-h forced 
outage). 

Trip due to loss of high-pressure oil pressure on 
No. 22 SG feed pump (60.8-h forced outage). 

4/2/82 82-016 Plant computer failures rendered in-core detector 
monitoring system inoperable; analogldigital 
systems faulted. 
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Table 3.4 (continued) 
Description 

Date LER (cause, consequences, corrective actions) 

2/3/83 

8/24/83 

1011 1/83 

10/19/83 

4/15/84 

4/26/84 

10/3/84 

83-007 

83-041 

83-054 

83-060 

84-003 

84-005 

84-008 

Deenergization of 2 RPS channels caused PORVs to 
open: blown fuse in channel inverter due to crossed 
leads from testing. 

Reactor tripped on high pressure and both PORVS 
open; malfunction in main turbine control circuitry. 

MFW regulating valve failed to close; fouled relay 
in valve positioner. 

Water from a clogged toilet seeped down a conduit to 
the cable spreading room and tripped 3 circuit 
breakers. 

Auto trip from loss of 22B coolant pump; surge 
capacitor failed in pump breaker. Periodic 
replacement of capacitors initiated. 

Independence between diesel generators defeated by 
maintenance activity coupling an uncommon 
electrical power supply lineup. 

Trip produced from low SG water level; cause of 
tripped feed pump not identified. Feed control 
system to be evaluated. 



c
n
-
 

P
P

 
8
%
 

w e =
r I 

k
 

31 

M
 

J
 

I 
8
 

W
 

J
 

co 
P

 



Table 3.5 (continued) 
Arkansas-2 Ft.  Calhcun mine Yankee Millstone-2 Palisades San Ch?ofre-2 San Onofre-3 St. Lucie-1 

Degraded ccnponent 

82-45a 74-A-58a 511 9/73 76-4P 77-44 84-1 9 84-24 77-27 
80-22a 77-21 6/7/73 1 /8/75a 76-24a 83-1 41 m-03 
79-1 Olla 2/14/72 83-1 35 83-99 77-43a 
79-55a 82-1 68 
77-6a 
79-7P 

4/4/75a 
79-45a 

Disabled system 

78-30 
77-23 

84-04 

84-09 
84-03 
8 2 9  
81 -56 
80-71 a 
80-64a 

Electrical faults and IX: 

83-1 0 84-1 3 
4/7/80 
80-42 
78-ra 

80-20 78-03 

84-09 76-48 77-58 
81 -03 10/1 0/73 77-47 

83-1 03 

84-08 

77-26 

W 
u3 



others 

84-24 84-07 4/12/74 8450 84-37a 
12/18/72 

%ERs categcrized as transients.  

F 
0 



41 

was manual ly  c o n t r o l l i n g  t h e  l e v e l  i n  t he  SGs .  The t r a n s i e n t  u s u a l l y  
began wi th  e x c e s s i v e  FW flow t o  t h e  S C  t o  m a i n t a i n  l e v e l .  This  r e s u l t e d  
i n  a n  R C S  t e m p e r a t u r e  decrease, t he  s h r i n k  p r o d u c i n g  a p r e s s u r i z e r  l e v e l  
d r o p  below t h e  t e c h n i c a l  s p e c i f i c a t i o n  limits. The r e s u l t i n g  LER o f t e n  
ment ions  t h a t  s e v e r a l  s u c h  e v e n t s  o c c u r r e d  w i t h i n  a s h o r t  time frame i n  
a d d i t i o n  t o  l i s t i n g  o t h e r  similar L E R s .  P r o c e d u r a l  changes  or r e v i e w s  
were o f t e n  g i v e n  as t h e  c o r r e c t i v e  measures  t a k e n .  Such e v e n t s  d i d  n o t  
o c c u r  randomly b u t  appeared t o  happen i n  g r o u p s .  

3 .2 .2 .1  C a l v e r t  C l i f f s  U n i t  1 .  T r a n s i e n t s ,  scrams, t r i p s ,  forced u n i t  
o u t a g e s  i n  e x c e s s  of 3 h ,  and a few o t h e r  h a p p e n i n g s  r e l e v a n t  t o  t h i s  
spec ia l  s t u d y  a re  l i s t e d  i n  Table  3.3. Two of t h e  e v e n t s  merit closer 
s t u d y  as common c a u s e  m u l t i p l e  f a i l u r e s .  These  have been s i n g l e d  o u t  
and are descr ibed and d i s c u s s e d  below. 

3.2.2.1.1 Loss  o f  bo th  s e r v i c e  water s y s t e m  r e d u n d a n t  t r a i n s  
(LER 80-027).  S h o r t l y  a f t e r  t h e  No. 12 s e r v i c e  water subsys tem was 
r e t u r n e d  t o  s e r v i c e  f o l l o w i n g  r o u t i n e  c l e a n i n g  o f  i t s  s e r v i c e  water heat 
exchanger  t u b e s  (sal twater  s i d e ) ,  t h e  o p e r a t o r  r e c e i v e d  low p r e s s u r e  
alarms on both No. 1 1  and No. 1 2  s e r v i c e  water s u b s y s t e m s ;  v a l v e  
l i n e - u p s  were immedia te ly  v e r i f i e d  t o  be correct .  The reactor was 
manual ly  t r i p p e d  a t  1803 due t o  h igh  main t u r b i n e  b e a r i n g  t e m p e r a t u r e s .  
A s u b s e q u e n t  i n v e s t i g a t i o n  r e v e a l e d  t h a t  No. 1 1  and No. 1 2  s e r v i c e  water 
s y s t e m s  had become a i r b o u n d .  

The c a u s e  o f  a i r  i n g r e s s  i n t o  t h e  s e r v i c e  water s y s t e m  was complete 
f a i l u r e  of  a t u b e  i n  t h e  No. 1 1  i n s t r u m e n t  a i r  compressor  a f t e r - c o o l e r .  
The compressed a i r ,  b e i n g  a t  a h i g h e r  p r e s s u r e  t h a n  s e r v i c e  water, 
e n t e r e d  t h e  s e r v i c e  water s y s t e m  and a p p a r e n t l y  accumula ted  i n  t he  
No. 1 2  s e r v i c e  water heat e x c h a n g e r ,  whose o u t l e t  v a l v e  was s h u t  w h i l e  
t u b e  c l e a n i n g  was i n  p r o g r e s s  on t h e  saltwater s i d e .  The s e r v i c e  water 
s y s t e m  is  equipped  w i t h  v e n t  v a l v e s  d e s i g n e d  t o  m a i n t a i n  t h e  s y s t e m  free 
o f  a i r .  However, as a i r  became t r a p p e d  i n  t h e  i d l e d  heat  e x c h a n g e r ,  a i r  
i n g r e s s  exceeded  t h e  a i r  removal  c a p a b i l i t y  o f  the  heat  e x c h a n g e r ’ s  two 
v e n t  v a l v e s .  The v e n t  v a l v e s  on t h e  o p e r a t i n g  header m a i n t a i n e d  t h e  
s e r v i c e  water s y s t e m  a i r  f ree  u n t i l  the  a i r  b u b b l e  was released from the  
i d l e d  heat exchanger .  When t h e  heat  exchanger  was r e t u r n e d  t o  s e r v i c e ,  
t h e  a i r  b u b b l e  was released i n t o  t h e  s y s t e m  a n d ,  s i n c e  No. 1 1  and No. 1 2  
s e r v i c e  water s u b s y s t e m s  are n o t  i n d e p e n d e n t  i n  t h e  t u r b i n e  b u i l d i n g ,  
b o t h  No. 1 1  and No. 1 2  s e r v i c e  water pumps l o s t  s u c t i o n  w i t h  a 
c o n s e q u e n t  l o s s  of a l l  s e r v i c e  water f l o w .  

3 .2 .2 .1 .2  Reactor t r i p  breakers  opened s i m u l t a n e o u s l y  w i t h o u t  
known c a u s e  ( L E R  84-002) .  During normal  Mode 1 o p e r a t i o n ,  a l l  e i g h t  
r e a c t o r  t r i p  breakers  opened s i m u l t a n e o u s l y  w i t h o u t  a p p a r e n t  c a u s e .  
F o l l o w i n g  t h e  r e a c t o r  t r i p ,  t h e  opera tors ,  by o b s e r v i n g  a n n u n c i a t o r s  i n  
the  c o n t r o l  room, q u i c k l y  a s c e r t a i n e d  t h a t  t h e  t r i p  breakers had opened 
and p r o p e r l y  carried o u t  t h e  p r o c e d u r e  f o r  reactor  t r i p  ( i . e . ,  Emergency 
O p e r a t i n g  P r o c e d u r e  No. 1 ) .  All s a f e t y  s y s t e m s  f u n c t i o n e d  as e x p e c t e d  
f o l l o w i n g  t h e  e v e n t .  No p e r s o n n e l  errors o c c u r r e d  d u r i n g  t h e  e v e n t .  
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P o s t - t r i p  r e v i e w s  v e r i f i e d  t h a t  no i n p u t  p a r a m e t e r s  t o  t h e  r e a c t o r  
p r o t e c t i v e  s y s t e m  had exceeded  t h e i r  s e t  p o i n t s  immedia t e ly  p r i o r  t o  t h e  
e v e n t .  Al though a s u r v e i l l a n c e  t e s t  had been t e r m i n a t e d  on t h e  r e a c t o r  
p r o t e c t i v e  s y s t e m  m a t r i x  r e l a y s  30 s p r i o r  t o  the  e v e n t ,  there was no  
clear c o r r e l a t i o n  between t h e  r e a c t o r  t r i p  and  t he  s u r v e i l l a n c e  tes t .  
Review o f  p o s t - t r i p  data conf i rmed  t h a t  t h e  r e a c t o r  t r i p  breakers were 
r e s t o r e d  t o  normal  p r i o r  t o  t h e  e v e n t .  

F o l l o w i n g  t h e  r e a c t o r  t r i p ,  a n o n s a f e t y - r e l a t e d  MFW pump t r i p p e d ;  
however,  t h e  r e m a i n i n g  MFW pump and t h e  AFW sys t em were a v a i l a b l e  
t h r o u g h o u t  t h e  e v e n t  t o  p r o v i d e  s e c o n d a r y  makeup water f o r  decay heat 
removal  as n e c e s s a r y .  I n  a d d i t i o n ,  t h e  moto r -d r iven  AFW pump s tar ted 
a u t o m a t i c a l l y  f o l l o w i n g  t h e  t r i p .  

3.2.2.2 C a l v e r t  C l i f f s  U n i t  2. T r a n s i e n t s ,  scrams, t r i p s ,  f o r c e d  
o u t a g e s  i n  e x c e s s  o f  4 h ,  and a few o t h e r  happen ings  r e l e v a n t  t o  t h i s  
s t u d y  a r e  l i s t e d  i n  T a b l e  3.5. Three a d d i t i o n a l  e v e n t s  have  been 
s i n g l e d  o u t  f o r  d i s c u s s i o n  on t h e  basis  o f  l e s s o n s  t o  be l e a r n e d .  

The f i r s t  two c o u l d  have  happened a t  any  p l a n t ,  b u t  d i d  i n  f a c t  happen 
a t  U n i t  2. The f irst  i n v o l v e d  a break i n  communications.  T h i s  e v e n t  is 
i n d i c a t i v e  o f  the  need  f o r  an  o p e r a t i o n a l  a i d  t h a t  would c o r r e l a t e  the 
consequences  o f  equ ipmen t / sys t ems  i n t e r a c t i o n s  d u r i n g  ma in tenance .  
A c t i o n s  t a k e n  d u r i n g  t e s t i n g  s h o u l d  a l s o  be i n c l u d e d  i n  t h e  a n a l y s i s .  
The second  example  ra ises  two q u e s t i o n s :  ( a )  t h e  h a b i t a b i l i t y  o f  t h e  
c o n t r o l  room due t o  gases, fumes ,  and smoke g e n e r a t e d  i n  t h e  cable 
s p r e a d i n g  room d i r e c t l y  u n d e r n e a t h ,  and ( b )  t h e  e f f ec t s  o f  water 
( s p r a y s ,  m i s t ,  d r i p s ,  e t c . )  from r u p t u r e d  t u b i n g  o r  p i p i n g  and f i r e  
s p r i n k l e r s  w i t h i n  r a n g e  o f  t h e  e l ec t r i ca l  equ ipmen t .  C a b i n e t s  and 
c o v e r s  are n o t  water t i g h t ,  b u t  i f  made s o  c o u l d  c a u s e  o v e r h e a t i n g  due  
t o  a l ack  o f  v e n t i l a t i o n  ( a  Ca tch -22) .  

3 .2 .2 .2 .1  Diesel g e n e r a t o r  i n o p e r a b i l i t y  (LER 84-005) .  Ac safe ty  
bus  24 A 480 V was removed from s e r v i c e  f o r  p r e v e n t i v e  ma in tenance .  To 
maximize DG 21 a v a i l a b i l i t y ,  i ts a u x i l i a r i e s  ( f u e l  o i l  t r a n s f e r  pump, 
room v e n t i l a t i o n  f a n ,  a i r  s tar t  sys t em a i r  c o m p r e s s o r ,  and v a r i o u s  o t h e r  
e n g i n e  a u x i l i a r i e s ,  n o r m a l l y  s u p p l i e d  f rom 24 A 480 V ac bus  v i a  
MCC 204R) were k e p t  e n e r g i z e d  by power ing  MCC 204R f rom MCC 214R v i a  a 
t i e  breaker. T h i s  l i n e u p  a l l o w e d  DG 1 2  t o  power D G  21 a u x i l i a r i e s  b u t  
i n  t u r n  removed t h e  independence  between t h e  two D G s .  DG 21 was 
declared o u t  o f  s e r v i c e  b u t  n o t  l ogged  as  s u c h  s i n c e  o n l y  one  diesel  was 
r e q u i r e d  t o  be o p e r a b l e .  

P e r s o n n e l  on t h e  n e x t  s h i f t  f a i l ed  t o  r e c o g n i z e  t h e  dependence  o f  DG 21 
on DG 1 2  and p l a c e d  DG 1 2  o u t  o f  s e r v i c e  f o r  p r e v e n t i v e  ma in tenance .  
Al though o p e r a t i o n s  p e r s o n n e l  were aware t h a t  U n i t  2 480 V Bus 24.A was 
o u t  o f  s e r v i c e ,  t he  c o r r e l a t i o n  was n o t  made be tween t h a t  work and  i ts  
e f fec t  on DG 21 o p e r a b i l i t y .  C o n s e q u e n t l y ,  b o t h  d iese ls  were made 
i n o p e r a b l e .  



L a t e r ,  a S e n i o r  L i c e n s e d  Operator n o t e d  t h a t  b o t h  D G s  were i n o p e r a b l e  
and c o n t a i n m e n t  i n t e g r i t y  had n o t  been e s t a b l i s h e d  as required. Restora- 
t i o n  of D G  12  t o  o p e r a b i l i t y  was i n  p r o g r e s s  a t  t h e  time and was 
c o n t i n u e d  u n t i l  i t  was declared o p e r a b l e ,  t e r m i n a t i n g  t h e  e v e n t .  

3 .2 .2 .2 .2  F l o o d i n g  i n  c o n t r o l  room a f f e c t s  c e n t r a l  e l e m e n t  
assembly (CEA)  e l e c t r i c a l  equipment  (LER 83-060) .  Water from a c l o g g e d  
t o i l e t  over f lowed i n t o  t h e  c o n t r o l  room area. From there it  t r a v e l e d  
under  c o n t r o l  c a b i n e t s  where i t  seeped under  t h e  f i r e  barrier material 
and t h r o u g h  t h e  f l o o r  and t h e  c o n d u i t  t h a t  l eads  t o  t h e  c e i l i n g  of  t h e  
cable s p r e a d i n g  room below. The water t h e n  d r i p p e d  from the  c o n d u i t  
down o n t o  t h e  Shutdown Group Coi l  Power Programmer c a b i n e t s ,  where it  
t r i p p e d  m u l t i p l e  breakers  f o r  three of t he  f o u r  C E A s  w i t h i n  t h e  c a b i n e t .  

I n v e s t i g a t i o n  d i s c o v e r e d  t h a t  a crowbar l o d g e d  i n  t h e  t o i l e t ' s  d r a i n  
l i n e  had o b s t r u c t e d  and c a u s e d  n o n d i s s o l v i n g  p a p e r  material t o  b l o c k  t h e  
l i n e .  I t  is s u s p e c t e d  t h a t  t h e  crowbar was l e f t  i n  t h e  l i n e  d u r i n g  
i n i t i a l  c o n s t r u c t i o n .  

The a f f ec t ed  compartments  were wiped d r y  and  s p r a y e d  w i t h  a water- 
d i s p e r s i n g  s o l v e n t .  F u r t h e r  i n v e s t i g a t i o n  r e v e a l e d  t h a t  t h e  main 
c i r c u i t  breaker f o r  CEA 46 had t r i p p e d  and t h a t  water was s t i l l  p r e s e n t  
i n  t h e  p l u g i n  modules.  A l l  modules were r e p l a c e d  w i t h  s p a r e s ,  and t h e  
CEA was t e s t ed  w i t h  s a t i s f a c t o r y  r e s u l t s .  The CEA 48 c i r c u i t  breaker 
f o r  t h e  p r i m a r y  power s u p p l y  was found t r i p p e d .  The c i r c u i t  breaker was 
r e se t ,  and t h e  power s u p p l y  was tes ted f o r  p r o p e r  v o l t a g e  w i t h  
s a t i s f a c t o r y  r e s u l t s .  The CEA 49 pr imary power s u p p l y  c i r c u i t  breaker 
was a l so  found t r i p p e d ;  upon reset  of  t he  breaker ,  t h e  power s u p p l y  
f a i l e d  and was r e p l a c e d  w i t h  a s p a r e .  A l l  t r i p p e d  c i r c u i t  breaker 
problems were a t t r i b u t e d  t o  t h e  water i n  t h e  c a b i n e t .  The f i r e  barr ier  
was i n s p e c t e d  and found i n t a c t  and f u n c t i o n a l .  

3 .2 .2 .2 .3  Main feedwater r e g u l a t i n g  v a l v e  f a i l s  t o  c l o s e  
(LER 83-054). T h i s  was a n  o v e r c o o l i n g  t r a n s i e n t  produced by o v e r f i l l i n g  
of  t he  SG c a u s e d  by a s t u c k  open FW v a l v e ,  and is s i g n i f i c a n t  s i n c e  i t  
c o n t a i n e d  f i v e  i n d e p e n d e n t  f a i l u r e s :  

1 .  t h e  No. 23 MFW pump t r i p p e d ;  
2. t h e  No. 21 FW r e g u l a t i n g  v a l v e  f a i l e d  t o  c lose ;  
3. t h e  No. 21 MFW pump speed c o n t r o l l e r  s t u c k  i n  the h igh-speed  

4.  a t u r b i n e  b y p a s s  v a l v e  f a i l e d  i n  t h e  50% open p o s i t i o n ;  and 
5. a r e a c t o r  c o o l a n t  ( R C )  pump vapor  seal  f a i l e d  1.5 h a f te r  the  

p o s i t  i o n ;  

reactor t r i p .  

I n  a d d i t i o n ,  p r e s s u r i z e r  p r e s s u r e  b e h a v i o r  d u r i n g  p r e s s u r i z e r  r e f i l l  
d e m o n s t r a t e d  a n  i n t e r e s t i n g  phenomenon t h a t  c a n  r e s u l t  when t h e  l i q u i d  
and vapor  p h a s e s  are n o t  i n  thermodynamic e q u i l i b r i u m .  T h i s  phenomenon, 
which c a n  o c c u r  when r e c o v e r i n g  from a t r a n s i e n t  i n  which t h e  
p r e s s u r i z e r  is n e a r l y  d r a i n e d ,  c a n  r e s u l t  i n  a temporary  d e c r e a s e  i n  
p r e s s u r e  a f t e r  t h e  l e v e l  h a s  been r e t u r n e d  t o  normal and a l l  heaters are 
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on.  T h i s  pressure r e s p o n s e  is c o n t r a r y  t o  what one  might n o r m a l l y  
e x p e c t  and c o u l d  be i n i t i a l l y  p u z z l i n g  t o  p l a n t  o p e r a t o r s .  

Number 22 FW pump t r i p p e d  due t o  a leak i n  t h e  pump's h y d r a u l i c a l l y  
o p e r a t e d  c o n t r o l  s y s t e m  whi le  t h e  p l a n t  was o p e r a t i n g  a t  100% power. I n  
an  a t t e m p t  t o  a v e r t  a p l a n t  t r i p ,  t h e  o p e r a t o r s  began r e d u c i n g  power by 
b o r a t i n g  and i n s e r t i n g  c o n t r o l  r o d s .  The f eed - f low/s t eam- f low mismatch 
was t o o  g rea t  and t h e  p l a n t  t r i p p e d .  Fo l lowing  the  p l a n t  t r i p ,  t h e  
No. 21 FW r e g u l a t i n g  v a l v e  f a i l e d  t o  c l o s e .  T h i s  c a u s e d  t h e  No. 21 FW 
pump's s p e e d  t o  i n c r e a s e ,  r e s u l t i n g  i n  a r a p i d  r ise  i n  t h e  No. 21 S G  
l e v e l .  The o p e r a t o r ' s  attempt t o  decrease FW f l o w  by p l a c i n g  t h e  No. 21 
MFW pump c o n t r o l l e r  i n  manual and t r y i n g  t o  d e c r e a s e  pump s p e e d  f a i l e d  
b e c a u s e  t h e  pump s p e e d  c o n t r o l l e r  had s t u c k  i n  t h e  h igh-speed  p o s i t i o n  
due t o  a n  a c c u m u l a t i o n  o f  d i r t  i n  t h e  mechanism. Feedwater f low was 
i s o l a t e d  t o  SG 21 -3 min a f te r  r e a c t o r  t r i p ,  when t h e  o p e r a t o r s  t r i p p e d  
the  No. 21 MFW pump and s h u t  t h e  MFW i s o l a t i o n  v a l v e .  The e x c e s s i v e  
f e e d i n g  o f  S G  No. 21 had caused R C S  p r e s s u r e  t o  d r o p  s h a r p l y  due  t o  
o v e r c o o l i n g .  R e a c t o r  c o o l a n t  t e m p e r a t u r e  dropped  -50°F i n  3 min and 
p r e s s u r e  decreased t o  -1660 p s i g ,  c a u s i n g  s a f e t y  i n j e c t i o n  ( S I )  s y s t e m  
a c t u a t i o n .  The s e v e r i t y  o f  t h e  o v e r c o o l i n g  t r a n s i e n t  was h e i g h t e n e d  by 
t h e  e f fec t  of a t u r b i n e  bypass  v a l v e  t h a t  s t u c k  50% open d u e  t o  
mechan ica l  b i n d i n g .  

3 . 2 . 3  Othe r  C-E P l a n t  R e l e v a n t  O p e r a t i n g  E x p e r i e n c e s  

A l ist  o f  r e l e v a n t  t r a n s i e n t s  and scrams i n  C-E p l a n t s  o t h e r  t h a n  C a l v e r t  
C l i f f s  is p r e s e n t e d  by LER numbers or  e v e n t  dates i n  T a b l e  3.5,  and a few 
o t h e r  r e l e v a n t  e v e n t s  are  p r e s e n t e d  i n  Table 3.6. These e x p e r i e n c e s  were 
rev iewed  t o  seek o u t  p o s s i b l e  common t ra i t s  o r  s i n g u l a r  e v e n t s  t h a t  might 
be p e c u l i a r  t o  C-E p l a n t s .  Again a common th read  a p p e a r e d  t o  be i n  t h e  
manual c o n t r o l  o f  SG l e v e l s  when t h e  u n i t  is a t  low power l e v e l s .  The 
t e n  e v e n t s  selected as h a v i n g  spec ia l  s i g n i f i c a n c e  a re  d e s c r i b e d  i n  
Sects. 3.2.3.1 t o  3.2.3.10. 

The f i r s t  e v e n t  was a case where l o s s  of MFW c h a l l e n g e d  t h e  AFW sys t em 
and a n  AFW pump t r i p p e d ,  a consequence  o f  three independen t  f a i l u r e s .  
The second  e v e n t  c o u l d  be c l a s s i f i ed  as a p o t e n t i a l  small LOCA produced  
by R C S  discharge t o  t h e  con ta inmen t  sump. The  t h i r d ,  a g a i n  t h e  r e s u l t  
o f  l e a k y  v a l v e s ,  was a S G  o v e r f i l l .  Gas b i n d i n g  of a l l  three c h a r g i n g  
pumps and  o f  t h e  shutdown c o o l i n g  pumps are  examples  4 and 5. Example 6 
is a g a i n  a breakdown i n  communica t ions :  n o i s e  e n t e r s  f rom a s s o r t e d  
c a u s e s .  I n  example 7 ,  t he  thermal marg in  l o w - p r e s s u r e  r e a c t o r  
p r o t e c t i o n  t r i p  was a c t u a t e d  by t h e  o p e r a t i o n  of  t he  p r e s s u r i z e r  quench 
t a n k  v e n t  v a l v e .  The l a s t  three examples  o c c u r r e d  d u r i n g  t e s t i n g /  
s u r v e i l l a n c e  and r e s u l t e d  f rom f a u l t y  t e s t  equipment .  

3.2.3.1 S t .  L u c i e ,  Un i t  2:  R e a c t o r  T r i p  Due t o  Low Steam G e n e r a t o r  
L e v e l  (LER 84-004). While a t  100% power t h e  MFW pump t r i p p e d  due  t o  low 
s u c t i o n  p r e s s u r e ,  and  the  r e a c t o r  s u b s e q u e n t l y  t r i p p e d  on  low SG l e v e l .  
F o l l o w i n g  t h e  t r i p  AFW pump 2 C  s t a r t ed ,  t h e n  t r i p p e d  on o v e r s p e e d .  A 
s i n g l e  steam s a f e t y  v a l v e  on  t h e  S G  A a l s o  s t u c k  p a r t i a l l y  open 
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Table 3.6.  Relevant o p e r a t i n g  e x p e r i e n c e s  a t  o t h e r  C-E p l a n t s  
( M i s c e l l a n e o u s )  

P l a n t  Date LER Event  

S t .  Lucie-1 

Pal isades 

San Onofre-2 

S t .  Lucie-1 

S t .  Lucie-1 

S t .  Lucie-1 

St .  Lucie-1  

S t .  Onofre-2 

San Onofre-2 

12/19/81 

1/4/81 

3 /14/82  

8/16/81 

10 /23 /82  

1 1  126182 

12/30/82  

11  19\82  

1 1  114183 

81 -056 

82-004 

82-002 

82-037 

82-050 

82-062 

82-071 

82-1 36 
and 

82-1 38 

83-1 51 

Both MSIVs c l o s e d  f o r  no a p p a r e n t  
r e a s o n ;  c a u s e  unknown. 

Safety i n j e c t i o n  o c c u r r e d  d u r i n g  
s h i f t i n g  o f  e l e c t r i c  power s u p p l y  
f o r  p r e f e r r e d  bus .  

Shutdown c o o l i n g  was l o s t  and a n  
i n a d v e r t e n t  boron d i l u t i o n  r e s u l t e d  
from t h e  i n t e r a c t i o n  o f  two s e p a r a t e  
v a l v i n g  o p e r a t i o n s  conduc ted  
s i m u l t a n e o u s l y .  

lA3 4.16-kV bus  l o s t  when an 
o p e r a t o r  c l o s i n g  t h e  breaker door 
j a r red  the  l o a d  s h e d d i n g  r e l ay  i n  
t h e  v i t a l / m o n i t o r  t i e  breaker ,  
open ing  t h e  breaker .  

All c h a r g i n g  pumps became g a s  bound 
when t h e  volume c o n t r o l  t a n k  was 
pumped d r y  and  hydrogen was admit ted 
t o  pump s u c t i o n .  

I n a d v e r t e n t  s a f e t y  i n j e c t i o n  s i g n a l  
f o l l o w e d  by  l o s s  of v i t a l  power 
s u p p l i e s ;  caused  when a t e s t  s w i t c h  
was p o s i t i o n e d  i n c o r r e c t l y  d u r i n g  a 
monthly p r e v e n t a t i v e  ma in tenance  
t e s t .  

Output  breaker of t h e  1 A  s t a t i c  
i n v e r t e r  opened ,  d r o p p i n g  o n e  of 
f o u r  120-V ac i n s t r u m e n t  busses  
d u r i n g  ma in tenance .  

Loss o f  power t o  FW c o n t r o l  sys t em 
due  t o  i n a d v e r t e n t  d i s l o d g i n g  of a 
power c o r d  ( two  o c c u r r e n c e s ) .  

Manual t r i p  from an  unexpec ted  
p r e s s u r i z e r  p r e s s u r e  and l e v e l  
decrease; c a u s e d  by e r r o n e o u s l y  
opened emergency b o r a t i o n  v a l v e .  
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Table  3 .6  ( c o n t i n u e d )  

P l a n t  Date LER Event  

San Onofre-3 

Pa l i sades  

Palisades 

F t .  Calhoun-1 

F t .  Calhoun-1 

F t .  Calhoun-1 

Maine Yankee 

Maine Yankee 

1 1  /19 /83  
12/22/83  

4/8/84 

8 /4 /84  

3/14/84 

5/16/84 

7/22/84 

1 /12/84 

6/22/84 

83-1 03  
83-1 20 

84-004 

84-01 5 

84-003 

84-007 

84-01 3 

84-001 

84-008 

Both MFW pumps t r i p p e d  due t o  low 
s u c t i o n  p r e s s u r e  caused  by low l e v e l  
i n  c o n d e n s a t e  s t o r a g e  t a n k  ( two 
o c c u r r e n c e s  1. 

Two s p u r i o u s  r i g h t  c h a n n e l  s a f e t y  
i n j e c t i o n  s i g n a l s  d u r i n g  r e f u e l i n g ;  
caused  by a s h o r t - c i r c u i t  i n  t e s t  
equipment .  

A l l  major  t u r b i n e  o p e r a t i o n  v a l v e s  
c l o s e d  from l o s s  of e l e c t r o h y d r a u l i c  
c o n t r o l  f l u i d  p r e s s u r e .  A f i t t i n g  
on t h e  pump d ischarge  worked loose 
f rom e x c e s s i v e  s y s t e m  v i b r a t i o n .  

Dc power t o  c o n t r o l  room p a n e l  
A 1 - 4 1 B  l o s t  b e c a u s e  wrong 
ma in tenance  p r o c e d u r e  was f o l l o w e d .  
U n i t  t r i p s  on thermal margin  low 
p r e s s u r e  s i g n a l s .  Noise s p i k e s  
i n t r o d u c e d  i n t o  t h e  TMLP c a l c u l a t o r  
when t h e  p r e s s u r i z e r  quench t a n k  
v e n t  v a l v e  was o p e r a t e d .  

V e n t i l a t i o n  s y s t e m  a c t u a t e d  when t h e  
r e a c t o r  c o o l a n t  d r a i n  t a n k  f i l l e d  
w i t h  c o o l a n t  and t h e n  d i s c h a r g e d  t o  
a f loo r  d r a i n  v i a  back  l e a k a g e  t h r u  
check v a l v e s .  

Thermal marg in  low p r e s s u r e  reactor 
p r o t e c t i o n  s y s t e m  t r i p p e d  t h e  
reactor when a s i g n a l  c y c l e d  t h e  
p r e s s u r i z e r  quench t a n k  v e n t  v a l v e .  

P l a n t  t r i p p e d  b e c a u s e  of low 
c o n d e n s a t e  sys t em p r e s s u r e  and  low 
s u c t i o n  p r e s s u r e  c a u s e d  by 
o p e r a t i o n a l  t e c h n i q u e s .  

Loss of load R P S  c h a n n e l  t r i p p e d  
reactor ;  caused  by lack of  
communica t ions  between c o n t r o l  room 
and f i e l d  t e s t .  
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T a b l e  3.6 ( c o n t i n u e d )  

P l a n t  Date LER Event  

M i l l s t o n e  2 1 /6 /84  

San Onof re  2 3/9/84 

San Onofre  3 2/22/84 

S t .  Luc ie  2 1 /29/84 

S t .  Luc ie  2 2/9/84 

S t .  L u c i e  2 8/30/84 

84-001 

84-01 6 

84-004 

84-003 

84-004 

84-005 

Dur ing  r o u t i n e  s u r v e i l l a n c e  on  t h e  
ESFAS, f a u l t y  t es t  equipment  
g e n e r a t e d  p a r t  i a l  ac t  u a t  i o n s .  

I n a d v e r t e n t  a c t u a t i o n  of s a f e t y  
i n j e c t i o n ,  con ta inmen t  c o o l i n g ,  and 
con ta inmen t  s p r a y  s y s t e m s  d u r i n g  a 
31-day s u r v e i l l a n c e  on  t h e  p l a n t  
p r o t e c t i o n  sys t em.  

I n a d v e r t e n t  a c t u a t i o n  of e n g i n e e r e d  
s a f e t y  f u n c t i o n s  d u r i n g  p l a n t  
p r o t e c t i o n  s y s t e m  s u r v e i l l a n c e .  

T u r b i n e  t r i p  produced by high-high 
S C  l e v e l  caused  by l e a k a g e  of  three 
main feed  r e g u l a t i n g  v a l v e s .  

Low s u c t i o n  p r e s s u r e  t o  MFW pump 
t r i p p e d  p l a n t ;  c a u s e  n o t  p o s i t i v e l y  
i d e n t i f i e d .  AFW t r i p  f o l l o w e d .  

FW i s o l a t i o n  v a l v e  closed 
u n e x p e c t e d l y ;  caused  by t e s t i n g  
equipment .  
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f o l l o w i n g  t h e  t r i p .  Approximate ly  40 min was r e q u i r e d  t o  reset  t h e  
sa fe ty .  Cooldown f rom t h e  open s a f e t y  was s u c c e s s f u l l y  c o n t r o l l e d .  

The c a u s e  o f  t h e  low s u c t i o n  p r e s s u r e  t o  t h e  FW pumps was n o t  p o s i t i v e l y  
d e t e r m i n e d .  Condensa te  pump v e n t  l i n e  d e s i g n  p r o b a b l y  c o n t r i b u t e d .  The 
d e s i g n  is b e i n g  changed  t o  a l l o w  p r o p e r  v e n t i n g  d u r i n g  s t r a i n e r  
c l e a n  i ng . 
The AFW pump 2C t r i p p e d  due  t o  t r a n s i e n t s  on a power s u p p l y  d u r i n g  AFW 
a c t u a t i o n .  The c a u s e  was n o t  i d e n t i f i e d  immedia t e ly .  However, repeated 
t e s t i n g  o v e r  a p e r i o d  o f  s i x  days  r e v e a l e d  t h e  problem. The s a f e t y  
v a l v e  had s t u c k  open b e c a u s e  a c o t t e r  p i n  was m i s s i n g  f rom a s p i n d l e  n u t  
When the  s a f e t y  opened  ( a s  e x p e c t e d ) ,  t h e  n u t  v i b r a t e d  down and h e l d  t h e  
v a l v e  p a r t i a l l y  open .  A m o d i f i c a t i o n  e l i m i n a t e d  t h i s  problem. 

3 .2 .3 .2  F t .  Ca lhoun,  U n i t  1 : V I A S  A c t u a t i o n  During S t a r t u p  (LER84-007). 
Dur ing  normal o p e r a t i o n ,  t h e  a l e r t  and alarm s e t  p o i n t s  of Conta inment  
A i r  P a r t i c u l a t e  Moni tor  RM-050 a re  a d j u s t e d  t o  a l e r t  t h e  o p e r a t o r  i n  t h e  
e v e n t  o f  a s i g n i f i c a n t  i n c r e a s e  i n  c o n t a i n m e n t  a i r b o r n e  a c t i v i t y .  
Dur ing  r e f u e l i n g  t h e  alarm se t  p o i n t  is lowered  c o n s i d e r a b l y  and set  a t  
t h e  o c c u p a t i o n a l  l i m i t  f o r  u n i d e n t i f i e d  i s o t o p e s .  When t h e  alarm is 
a c t u a t e d ,  i t  i n d i c a t e s  t he  n e c e s s i t y  f o r  r e s p i r a t o r y  p r o t e c t i o n  measu res  
f o r  p e r s o n n e l  i n s i d e  c o n t a i n m e n t .  

As t h e  R C S  is p r e s s u r i z e d  d u r i n g  s t a r t u p ,  t h e  RCS/SI i n t e r f a c e  check 
v a l v e s  may l e a k  u n t i l  R C S  p r e s s u r e  is h i g h  enough t o  seat  them t i g h t l y .  
On t h e  day  of t h e  o c c u r r e n c e ,  o n e  o r  more o f  these i n t e r f a c e  check 
v a l v e s  began l e a k i n g .  

Back-leakage t h r o u g h  these check v a l v e s  n o r m a l l y  is c o n t r o l l e d  by a u t o -  
matic c y c l i n g  o f  i n t e r f a c e  check v a l v e  leakage p r e s s u r e  c o n t r o l  v a l v e s .  
The p r e s s u r e  c o n t r o l  v a l v e s  began c y c l i n g  t o  r e l i e v e  t h e  check v a l v e  
leakage ( p e r  d e s i g n ) ,  t h u s  p r e s s u r i z i n g  t h e  SI  l e a k a g e - r e t u r n  header. 
The r e l i e f  v a l v e  on t h i s  header, SI-222, l i f t e d  and r e l i e v e d  t o  t h e  
r e a c t o r  c o o l a n t  d r a i n  t a n k  ( R C D T )  as  d e s i g n e d .  Because t h e  RCDT pumps 
were i n  manual and l i n e d  up t o  t h e  S I  R e f u e l i n g  Water S t o r a g e  Tank 
(RWST) rather t h a n  t o  waste, t h e  RCDT f i l l e d  up  and its r e l i e f  v a l v e  
l i f t e d  and discharged t o  t h e  f l o o r  d r a i n  header ,  t h u s  f i l l i n g  t h e  
c o n t a i n m e n t  sump. A i r b o r n e  a c t i v i t y  i n  c o n t a i n m e n t  i n c r e a s e d ,  c a u s i n g  
RM-050 t o  go i n t o  alarm and t h u s  i n i t i a t i n g  t h e  v e n t i l a t i o n  i s o l a t i o n  
a c t u a t i o n  s y s t e m  (VIAS) .  

The problem was i d e n t i f i e d ,  and pressure i n  t h e  SI  l e a k a g e  r e t u r n  header 
was immedia t e ly  r e d u c e d  by o p e n i n g  t h e  c r o s s t i e  v a l v e  (HCV-2983) from 
t h e  header t o  t h e  Volume C o n t r o l  Tank ( V C T )  i n  t he  Chemical and Volume 
C o n t r o l  Sys tem ( C V C S ) .  Opening HCV-2983 a l l o w e d  r e l i e f  v a l v e  SI -222  t o  
r e c l o s e ,  e f f e c t i v e l y  t e r m i n a t i n g  t h e  l o s s  of  R C  t o  t h e  c o n t a i n m e n t  sump. 

3 . 2 . 3 . 3  S t .  L u c i e ,  U n i t  2 :  T u r b i n e  T r i p / R e a c t o r  T r i p  Due t o  High Steam 
G e n e r a t o r  Water L e v e l  ( L E R  84-003) .  While i n c r e a s i n g  power from 0 t o  
30% a f t e r  an  o u t a g e ,  t h e  o p e r a t o r  was t r a n s f e r r i n g  FW c o n t r o l  from the  
15% b y p a s s  v a l v e s  t o  t h e  MFW r e g u l a t i n g  v a l v e s .  Dur ing  t h i s  e v o l u t i o n  a 
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H i - H i  SG l e v e l  t u r b i n e  t r i p  o c c u r r e d ,  r e s u l t i n g  i n  a r e a c t o r  t r i p .  The 
H i - H i  SG l e v e l  o c c u r r e d  due  t o  l e a k a g e  t h r o u g h  t h e  S G  A main feed 
r e g u l a t i n g  v a l v e .  A s  t he  main feed b l o c k  v a l v e s  were opened i n  
p r e p a r a t i o n  f o r  t r a n s f e r  from t h e  15% bypass  v a l v e s ,  leakage t h r o u g h  t h e  
SG A main f e e d  r e g u l a t i n g  v a l v e  caused  t h e  S G  A l e v e l  t o  i n c r e a s e .  
Leakage t h r o u g h  t h e  SG B main feed r e g u l a t i n g  v a l v e  is s i g n i f i c a n t l y  
smaller t h a n  t h r o u g h  t h e  S G  A.  While t h e  o p e r a t o r  t u r n e d  h i s  a t t e n t i o n  
t o  t h e  SG A t o  r e d u c e  l e v e l ,  t h e  l e v e l  i n  S G  B began t o  decrease. The 
o p e r a t o r ' s  a t t e n t i o n  was t h e n  d i v e r t e d  t o  r e s t o r i n g  t h e  l e v e l  i n  S G  B ,  
whereupon t h e  l e v e l  i n  S G  A reached H i - H i  and t h e  t u r b i n e  t r i p p e d ,  which 
t r i p p e d  t h e  r e a c t o r .  A l l  a u t o m a t i c  s y s t e m s  f u n c t i o n e d  p r o p e r l y ,  t h e  
r e a c t o r  was res ta r ted ,  and t h e  p l a n t  r e t u r n e d  t o  100% power. 

3 .2 .3 .4  S t .  L u c i e ,  Un i t  1 :  A l l  Three Charg ing  Pumps Become Gas-Bound 
( L E R  82-050).  A r e a c t o r  t r i p / t u r b i n e  t r i p  o c c u r r e d  on low SG water 
l e v e l  f o l l o w i n g  l o s s  o f  feed when one  o f  t h e  c o n d e n s a t e  pump moto r s  
t r i p p e d  on d i f f e r e n t i a l  phase  c u r r e n t  and a FW pump t r i p p e d  on low 
s u c t i o n  p r e s s u r e .  P r e s s u r i z e r  l e v e l  had r e t u r n e d  t o  above t h e  heater 
c u t o f f ,  and t h e  pr imary  p l a n t  had s t a b i l i z e d  a t  no- load  Tavg and 
1960 ps ia  when a l l  three c h a r g i n g  pumps became gas bound. The pumps 
were r e s t o r e d  t o  o p e r a t i o n  one  a t  a time by repeated v e n t i n g  a f t e r  
f i l l i n g  t he  volume c o n t r o l  t a n k  h i g h  i n  t h e  o p e r a t i n g  band. Dur ing  the  
p e r i o d  the  c h a r g i n g  pumps were i n o p e r a b l e ,  t h e  p r e s s u r i z e r  l e v e l  
f l u c t u a t e d  a b o u t  t h e  heater c u t o f f  set p o i n t  w i t h  v a r i a t i o n s  i n  Tavg. 
When t h e  first c h a r g i n g  pump was r e s t o r e d ,  t he  p r e s s u r i z e r  l e v e l  was 
r e t u r n e d  t o  t he  no- load  set  p o i n t .  Two c h a r g i n g  pumps were o p e r a t i n g  a t  
r e d u c e d  f low w i t h i n  1 5  min, and a l l  th ree  were r e s t o r e d  t o  o p e r a b i l i t y  
wel l  w i t h i n  t h e  r e q u i r e d  time limits. The c h a r g i n g  pumps became gas 
bound when t h e  VCT was pumped d r y  and hydrogen  was a d m i t t e d  t o  t h e  
pumps ' s u c t i o n .  

3 .2 .3 .5  San Onof re ,  Un i t  2: Loss of Shutdown Coo l ing  and a Boron 
D i l u t i o n  ( L E R  82-002, 82-003). After i n i t i a l  f u e l  l o a d i n g ,  a n  o p e r a t o r  
b a c k f l u s h e d  a f i l t e r  i n  t h e  shutdown c o o l i n g  p u r i f i c a t i o n  sys t em.  T h i s  
n o r m a l l y  c o n s i s t s  of p a s s i n g  350-psig n i t r o g e n  t h r o u g h  t h e  i s o l a t e d  
f i l t e r  and dumping t h e  gas t o  t h e  f i l t e r  c r u d  t a n k .  A s  a r e s u l t  of 
e i t h e r  a sys t em m a l f u n c t i o n  o r  a n  o p e r a t o r  e r r o r ,  t he  n i t r o g e n  passed  
t h r o u g h  t h e  p u r i f i c a t i o n  l i n e  back i n t o  t h e  s u c t i o n  o f  t h e  shutdown 
c o o l i n g  [Low P r e s s u r e  S a f e t y  I n j e c t i o n  ( L P S I ) ]  pumps. A t  e s s e n t i a l l y  
t h e  same time, shutdown c o o l i n g  f l o w  from the  i n - s e r v i c e  L P S I  pump f e l l  
from 4000 gpm t o  z e r o .  Subsequent  a t tempts  t o  es tab l i sh  f l o w  w i t h  t h e  
a l t e r n a t e  pump were u n s u c c e s s f u l .  The pumps and p i p i n g  h i g h  p o i n t s  were 
v e n t e d , a n d  shutdown c o o l i n g  f low was reestabl ished w i t h i n  90 min. 

Dur ing  t h e  a t t e m p t  t o  r e e s t a b l i s h  shutdown c o o l i n g  f low s u c t i o n  o f  L P S I ,  
pump PO-16 was t r a n s f e r r e d  from t h e  R C S  t o  t h e  RWST. Opening o f  t h e  
RWST l i n e  o c c u r r e d  c o n c u r r e n t l y  w i t h  t h e  c l o s i n g  of t h e  R C S  l i n e  s o  t h a t  
for s e v e r a l  m i n u t e s  a p a t h  exis ted from t h e  RWST i n t o  t h e  RCS under t he  
p r e s s u r e  head o f  t h e  RWST. Dur ing  t h i s  i n t e r v a l  -6000 g a l  o f  water a t  
an  approx ima te  a v e r a g e  boron  c o n c e n t r a t i o n  of 1640 ppm was added t o  t h e  
RCS.  T h i s  r e s u l t e d  i n  a d i l u t i o n  from 2004 t o  1962 ppm, e q u i v a l e n t  t o  a 
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r e a c t i v i t y  a d d i t i o n  o f  a b o u t  0.64% Ak/k .  S i n c e  R C S  bo ron  c o n c e n t r a t i o n  
remained  well above  t h e  minimum r e q u i r e d  f o r  Mode 6 (1720 ppm), p l a n t  
s a f e t y  was n o t  affected by t h i s  e v e n t .  

The o p e r a t i n g  p r o c e d u r e  f o r  the  shutdown s p e c i f i e s  t h a t  t he  RCS s u c t i o n  
l i n e  be closed b e f o r e  t h e  RWST s u c t i o n  l i n e  is opened. To p r e v e n t  
r e c u r r e n c e  o f  t h i s  s i t u a t i o r . ,  a c a u t i o n  s t a t e m e n t  w i l l  be added t o  t h e  
p r o c e d u r e  emphas iz ing  t h e  need  f o r  c l o s i n g  t h e  RCS s u c t i o n  l i n e  b e f o r e  
o p e n i n g  t h e  RWST s u c t i o n  l i n e .  

The pathway f o r  i n j e c t i n g  n i t r o g e n  g a s  i n t o  the  shutdown c o o l i n g  s y s t e m  
e x i s t s  o n l y  when t h e  p u r i f i c a t i o n  s y s t e m  is i n  o p e r a t i o n .  T h e r e f o r e ,  
p r o c e d u r e s  f o r  o p e r a t i n g  t h e  b a c k f l u s h a b l e  f i l t e r  w i l l  be r e v i s e d  t o  
r e q u i r e  i s o l a t i n g  t he  p u r i f i c a t i o n  sys t em p r i o r  t o  any b a c k f l u s h i n g  
o p e r a t i o n  and p e r s o n n e l  w i l l  be a ler ted t o  t h e  p o t e n t i a l  f o r  l o s s  o f  
f l o w  when u s i n g  t h i s  sys t em.  

3 .2 .3 .6  Maine Yankee: R e a c t o r  T r i p  Caused by Loss o f  Load During P l a n t  
S t a r t u p  ( L E R  84-008) .  On J u n e  22, 1984 ,  o p e r a t i o n s  p e r s o n n e l  were 
p e r f o r m i n g  a p l a n t  s t a r t u p  f o l l o w i n g  a r e f u e l i n g  shutdown. The o p e r a t o r  
was i n c r e a s i n g  r e a c t o r  power t o  -12 t o  15% i n  p r e p a r a t i o n  f o r  t r i p  
t e s t i n g  t h e  main t u r b i n e .  The wide- range  l o g a r i t h m i c  e x - c o r e n u c l e a r  
i n s t r u m e n t a t i o n  c h a n n e l  power l e v e l  i n d i c a t e d  9% power when t h e  l e v e l  1 
b i s t a b l e  a c t i v a t e d  on L i n e a r  Power Ex-core Nuc lea r  I n s t r u m e n t a t i o n  
Channel 8. The l e v e l  1 b i s t a b l e  e n a b l e s  t h e  l o s s  o f  l o a d  and symmet r i c  
o f f s e t  t r i p s  and disables  the  s t a r t u p  r a t e  t r i p  a t  15% power. The f o u r  
e x - c o r e  l i n e a r  power c h a n n e l s  i n d i c a t e d  11 t o  14 .5%.  The d i s c r e p a n c y  
between t h e  wide- range  and l i n e a r  power c h a n n e l s  e x i s t e d  b e c a u s e  a 
c a l o r i m e t r i c  a d j u s t m e n t  had n o t  been  per formed s i n c e  t h e  p r e v i o u s  
o p e r a t i n g  c y c l e .  The Channel 8 b i s t a b l e  a c t i v a t e d  b e f o r e  15% b e c a u s e  
its se t  p o i n t s  were a d j u s t e d  c o n s e r v a t i v e l y .  

The main t u r b i n e  was b r o u g h t  t o  1800 rpm f o r  t r i p  t e s t i n g ,  and  c o n t r o l  
r o d s  were p a r t i a l l y  i n s e r t e d  t o  s t a b i l i z e  r e a c t o r  power and pe r fo rm t h e  
calorimetric a d j u s t m e n t .  The a d j u s t m e n t  was based on t h e  computer- 
c a l c u l a t e d  i n - c o r e  power l e v e l  d e r i v e d  f rom t h e  f i x e d  i n - c o r e  m o n i t o r i n g  
s y s t e m .  The computer v a l u e  o f  8.5% a g r e e d  w e l l  w i t h  t h e  i n d i c a t e d  wide-  
r a n g e  l o g a r i t h m i c  power. The l i n e a r  power c h a n n e l s  were a l l  i n d i c a t i n g  
s i g n i f i c a n t l y  h igher .  

The P l a n t  S h i f t  S u p e r i n t e n d e n t  in formed t h e  c o n t r o l  room when he was 
r e a d y  t o  t r i p  t h e  t u r b i n e  l o c a l l y .  A s h o r t  time l a t e r ,  t h e  c o n t r o l  
room o p e r a t o r s  r e c o g n i z e d  the  r e a c t o r  scram p o t e n t i a l  o f  t u r b i n e  t r i p  
t e s t i n g  u n t i l  t h e  r e m a i n i n g  l i n e a r  power c h a n n e l s  were p r o p e r l y  a d j u s t e d  
away from t h e  15% l o s s - o f - l o a d  t r i p  se t  p o i n t .  C o n t r o l  room o p e r a t o r s  
a t t e m p t e d  t o  c o n t a c t  t h e  l o c a l  t e s t  s t a t i o n  v i a  t h e  p l a n t  p a g i n g  sys t em 
t o  de l ay  t h e  t e s t ,  b u t  t h e  n o i s e  l e v e l  i n  t h e  t u r b i n e  area p r e v e n t e d  
communication and t h e  t u r b i n e  was t r i p p e d .  The l e v e l  1 b i s t a b l e  on 
l i n e a r  power Channel  5 a c t i v a t e d  a t  a b o u t  t h e  same time, c a u s i n g  two o f  
t h e  f o u r  r e a c t o r  p r o t e c t i v e  sys t em ( R P S )  l o s s - o f - l o a d  c h a n n e l s  t o  t r i p  
t h e  r e a c t o r .  



51 

C o n t r o l  room o p e r a t o r s  i n i t i a l l y  d i d  n o t  r e c o g n i z e  t h e  p o t e n t i a l  
s i g n i f i c a n c e  o f  t r i p p i n g  t h e  t u r b i n e  b e f o r e  c a l o r i m e t r i c  a d j u s t m e n t  was 
comple ted .  The P l a n t  S h i f t  S u p e r i n t e n d e n t  a t  t h e  l o c a l  t u r b i n e  t es t  
s t a t i o n  was n o t  informed o f  t h e  s i t u a t i o n  and c o u l d  n o t  be c o n t a c t e d  due  
t o  t h e  n o i s e  l e v e l  i n  t h e  t u r b i n e  area. 

3.2.3.7 F t .  Ca lhoun,  Un i t  1 :  Noise  S p i k e  Causes  I n a d v e r t e n t  R e a c t o r  
T r i p  ( L E R  84-013) .  A t  2150 on J u l y  22, 1984 ,  w h i l e  o p e r a t i n g  a t  83% 
power,  t h e  F t .  Calhoun S t a t i o n  U n i t  No. 1 r e c e i v e d  t r i p  s i g n a l s  on b o t h  
A and C c h a n n e l s  of t h e  thermal margin  low pressure (TMLP) r e a c t o r  
p r o t e c t i v e  s y s t e m  t r i p  c i r c u i t s .  S i n c e  t h e  r e a c t o r  p r o t e c t i v e  sys t em 
a c t s  t o  t r i p  t h e  r e a c t o r  on a two-out -of - four  c h a n n e l  t r i p  log ic ,  t he  
r e a c t o r  s u b s e q u e n t l y  t r i p p e d .  

T r i p p i n g  o f  the  A and C TMLP t r i p  c h a n n e l s  o f  t h e  RPS was i n i t i a t e d  by 
n o i s e  s p i k e s  r e c e i v e d  by t e m p e r a t u r e  l o o p s  f e e d i n g  TMLP c a l c u l a t o r  
i n p u t s .  These n o i s e  s p i k e s  o c c u r r e d  w h i l e  o p e r a t i n g  t h e  p r e s s u r i z e r  
quench t a n k  v e n t  v a l v e ,  HCV-155. Actual TMLP c o n d i t i o n s  were n o t  
p r e s e n t  a t  t h e  time of  t h e  t r i p .  

Fo l lowing  t h e  r e a c t o r  t r i p ,  s p e c i f i c  t e m p e r a t u r e  i n d i c a t o r s  were v e r i -  
f i e d  t o  react  c o i n c i d e n t  w i t h  t h e  c y c l i n g  of HCV-155. These t e m p e r a t u r e  
i n d i c a t o r s  are  a s s o c i a t e d  w i t h  t e m p e r a t u r e  l o o p s  t ha t  feed i n p u t  s i g n a l s  
t o  t h e  A and C TMLP c a l c u l a t o r s .  Subsequent  t r o u b l e s h o o t i n g  r e v e a l e d  
t h a t  t h e  n o i s e  problem i n i t i a t e d  i n  temperature l o o p  c a b l i n g  t h a t  
t r a v e l e d  t h r o u g h  a c o n t r o l  room p a n e l .  I n  a d d i t i o n ,  i t  is i m p o r t a n t  t o  
n o t e  t h a t  t he  s p i k i n g  problem a s s o c i a t e d  w i t h  t h e  c y c l i n g  o f  HCV-155 was 
i n t e r m i t t e n t  b u t  was c o n s i s t e n t l y  p r e s e n t  d u r i n g  m o n i t o r i n g  of t h e  
t e m p e r a t u r e  i n p u t  t o  t h e  C c h a n n e l  TMLP c a l c u l a t o r .  T h a t  is ,  f o r  10 or 
1 2  o u t  of e v e r y  15 HCV-155 c y c l e s ,  s i g n i f i c a n t  s p i k e s  were r e c e i v e d  a t  
t h e  TMLP c a l c u l a t o r  i n p u t .  However, t h e  s p i k i n g  problem a s s o c i a t e d  w i t h  
t h e  A c h a n n e l  TMLP c a l c u l a t o r  t e m p e r a t u r e  i n p u t s  c o u l d  n o t  be 
d u p l i c a t e d .  

3 .2 .3 .8  S t .  L u c i e ,  Un i t  2: R e a c t o r  T r i p  During A u x i l i a r y  Feedwater 
A c t u a t i o n  S i g n a l  ( A F A S )  F u n c t i o n a l  T e s t  ( L E R  84-005). A r e a c t o r  t r i p  
o c c u r r e d  d u r i n g  per formance  o f  t he  l o g i c  m a t r i x  p o r t i o n  of t h e  month ly  
AFAS f u n c t i o n a l  t e s t .  P o s t - t r i p  r e v i e w  and t r o u b l e s h o o t i n g  i n d i c a t e d  
t h a t  t he  t r i p  was caused  by t h e  unexpec ted  c l o s i n g  o f  an A T r a i n  FW 
i s o l a t i o n  v a l v e ,  r e s u l t i n g  i n  a low S G  l e v e l  RPS t r i p .  The c l o s u r e  o f  
the  FW i s o l a t i o n  v a l v e  r e s u l t e d  from h igh  r e s i s t a n c e  a c r o s s  an AFAS 
Channel  A i n t e r p o s i n g  r e l a y  c o n t a c t  d u r i n g  l o g i c  m a t r i x  t e s t i n g ,  
e f f e c t i v e l y  s a t i s f y i n g  Channel A a c t u a t i o n  l o g i c .  After t h e  h i g h  
c o n t a c t  r e s i s t a n c e  was c o r r e c t e d ,  a comple t e  AFAS f u n c t i o n a l  test  was 
per formed s a t i s f a c t o r i l y .  

3 .2 .3 .9  Palisades: S a f e t y  I n j e c t i o n  A c t u a t i o n  (LER 84-004).  While 
t h e  r e a c t o r  was s h u t  down f o r  r e f u e l i n g ,  e l ec t r i ca l  checkou t  a c t i v i t i e s  
on p r e f e r r e d  ac Bus Y-20 r e s u l t e d  i n  two s p u r i o u s  r i g h t  c h a n n e l  safety 
i n j e c t i o n  s i g n a l  (SIS)  a c t u a t i o n s .  I n v e s t i g a t i o n  i n d i c a t e d  t h a t  each 
i n c i d e n t  resu l ted  from v o l t a g e  s p i k e s  c a u s e d  by a short  c i r c u i t  i n  a 
p i e c e  of tes t  equipment  ( v o l t a g e  c h e c k i n g  l i g h t )  which was b e i n g  used  on 
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Y-20. The v o l t a g e  s p i k e  caused a SIS b l o c k  r e l a y  t o  d r o p  o u t ,  a l l o w i n g  
a p r e v i o u s l y  p r e s e n t  l o w - p r e s s u r e  s i g n a l  t o  i n i t i a t e  a r i g h t  c h a n n e l  SIS. 
P e r s o n n e l  p e r f o r m i n g  t h e  checkou t  were unaware a t  t h e  time t h a t  t h e y  had 
caused t h e  f i r s t  SIS a c t u a t i o n .  Checkout a c t i v i t y  c o n t i n u e d  on Y-20 
u n t i l  t he  second  o c c u r r e n c e ,  a t  which time s e v e r a l  Y-20 f u s e s  blew.  

A r ev iew o f  t h e  Y-20 c i r c u i t  d e s i g n  r e v e a l e d  t h a t  c i r c u i t  p r o t e c t i o n  
f e a t u r e s  i n  Y-20 s h o u l d  have  f u n c t i o n e d  t o  p r e v e n t  a v o l t a g e  s p i k e  from 
c a u s i n g  a SIS a c t u a t i o n .  C i r c u i t  p r o t e c t i o n  fea tures  w i l l  be e v a l u a t e d  
t o  d e t e r m i n e  i f  t h e y  are  a p p r o p r i a t e  f o r  t h e i r  a p p l i c a t i o n  i n  Y-20. 

3 .2 .3 .10  M i l l s t o n e  P t .  U n i t  2: Emergency Core Coo l ing  Sys tem ( E C C S )  
Pa r t i a l  A c t u a t i o n  ( L E R  84-001) .  Two random a c t u a t i o n s  o f  ESFAS 
equipment o c c u r r e d .  The p l a n t  was i n  Mode 2 a t  0.4% power f o r  t h e  f i r s t  
o c c u r r e n c e  ( 1 / 6 / 8 4 )  and i n  Mode 2 a t  0 .6% power f o r  t h e  second  
o c c u r r e n c e  ( 1 /9 /84 ) .  

P l a n t  i n s t r u m e n t a t i o n  and c o n t r o l s  ( I & C >  t e c h n i c i a n s  were p e r f o r m i n g  
r o u t i n e  s u r v e i l l a n c e  on t h e  ESFAS u s i n g  t h e  manual t e s t  i n s e r t i o n  t e s t  
equipment .  Dur ing  t h e  s u r v e i l l a n c e  t he  o p e r a t o r s  n o t i f i e d  t h e  I & C  
t e c h n i c i a n s  t h a t  an  a c t u a t i o n  had o c c u r r e d .  The tes t  equipment  was 
s e c u r e d ,  and  ESFAS equipment was r e s t o r e d  t o  normal .  S i n c e  t h e  
s u r v e i l l a n c e s  were p l a n n e d  i n  advance ,  t h e  p o s s i b i l i t y  o f  a c t u a t i o n  had 
been a n t i c i p a t e d  and  p r e c a u t i o n s  had been t a k e n  i n  each case. 

The c a u s e  o f  t he  a c t u a t i o n  is unknown. A p o s s i b l e  c a u s e  is  e l e c t r o -  
m a g n e t i c  i n t e r f e r e n c e  ( n o i s e )  from t h e  t e s t  equipment .  

3 .2 .4  Summary and C o n c l u s i o n s  

Other t h a n  t h e  manual FW c o n t r o l  problems a t  low power l e v e l s ,  t h e  
o p e r a t i n g  e x p e r i e n c e s  a t  C a l v e r t  Cliffs-1 and -2 do n o t  appear t o  be any  
d i f f e r e n t  t h a n  t h e  g e n e r a l  r u n  o f  t h o s e  a t  most o ther  o p e r a t i n g  n u c l e a r  
power p l a n t s .  (By " the  g e n e r a l  r u n , "  we i n t e n d  t o  e x c l u d e  major  
a c c i d e n t s  o r  n e a r  major  a c c i d e n t s  s u c h  as have  o c c u r r e d  a t  o t h e r  n u c l e a r  
f a c i l i t i e s  on a few o c c a s i o n s . )  A t  C a l v e r t  C l i f f s  there were 
one-of -a-k ind  e v e n t s  which ,  i f  l e f t  u n m i t i g a t e d ,  might  have  l e d  t o  
s e r i o u s  consequences ,  b u t  none p r o g r e s s e d  t o  a s e r i o u s  s i t u a t i o n .  The 
p o t e n t i a l  S G  o v e r f i l l  and s m a l l - b r e a k  LOCA e v e n t s  from t h e  combined 
s e q u e n c e s  o f  1 1  C-E o p e r a t i n g  u n i t s  a t  8 p l a n t  sites were a d e q u a t e l y  
h a n d l e d  by t h e  e x i s t i n g  p r o c e d u r e s  and t r a i n e d  p e r s o n n e l .  Sometimes 
these t r a n s i e n t s  produced  s e c o h d a r y  e f fec ts  which, when c o u p l e d  wi th  
f a u l t e d  equ ipmen t ,  compromised a safe ty  s y s t e m  t r a i n ,  b u t  t h e  r e s u l t s  
were a lways  a n t i c i p a t e d  by emergency p r o c e d u r e s .  

Main tenance  and t e s t i n g  problems are g e n e r i c  f o r  t h e  i n d u s t r y  and  
d e s e r v e  more a t t e n t i o n .  Improvements would r e s u l t  i n  s i g n i f i c a n t l y  
fewer c h a l l e n g e s  t o  the r e a c t o r  s a f e t y  s y s t e m  and t h e  p l a n t  p r o t e c t i o n  
s y s t e m s .  Improvements i n  t h e  man-machine i n t e r f a c e  would g r e a t l y  
a l l e v i a t e  t h e  s e v e r i t y  and  r e d u c e  t h e  f r e q u e n c y  o f  these happen ings .  
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The r e l a t i v e l y  large degree o f  manual (opera tor )  c o n t r o l  i n  C-E p l a n t s  
makes  i t  des i r ab le  t o  improve p l a n t  communica t ions ,  bo th  w i t h i n  t h e  
c o n t r o l  room and between t h e  c o n t r o l  room and p e r s o n n e l  i n  t h e  p l a n t  
areas. Better c o o r d i n a t i o n  among o p e r a t i o n s ,  m a i n t e n a n c e ,  and t e s t i n g  
a c t i v i t i e s  is needed and i s  someth ing  t h a t  c o u l d  be p r o v i d e d  w i t h  t h e  
e x i s t i n g  t e c h n o l o g y  w i t h o u t  an e x p e n s i v e  o r  e x t e n s i v e  b a c k f i t .  





4. D E T E R M I N A T I O N  OF SICS SEQUENCES FOR ANALYSIS 

I n  Sect. 3.1, t h e  s y s t e m s  making up t h e  C a l v e r t  C l i f f s  Nuc lea r  S t a t i o n  
were i d e n t i f i e d .  Based on  t h e  SICS Program s c o p e  and t h e  f u n c t i o n a l  
p r o x i m i t y  o f  s y s t e m s  t o  t h e  RCS and s a f e t y  s y s t e m s ,  35 c o n t r o l  s y s t e m s  
hav ing  p o t e n t i a l  s a f e t y  i m p l i c a t i o n s  were selected f o r  more de t a i l ed  
a n a l y s i s .  These c o n t r o l  s y s t e m s  have been  l i s t e d  i n  Table  3.1 

The a n a l y s i s  of  t h e  f a i l u r e  modes of  t h e s e  s y s t e m s  are p r e s e n t e d  and  
d i s c u s s e d  i n  Sect. 4.  The FMEA and e v e n t  s equence  a n a l y s i s  methods are 
b r i e f l y  d i s c u s s e d  i n  S e c t .  4 . 1 ,  and i n  S e c t .  4.2 t h e  r e s u l t s  of t h e  
sys tem-  and component - leve l  FMEAs are d i s c u s s e d  and s i g n i f i c a n t  r e s u l t s  
p r e s e n t e d .  I n  S e c t .  4.3 t h e  s i g n i f i c a n t  s y s t e m  f a i l u r e  modes i d e n t i f i e d  
i n  Sect. 4 .2  are  e v a l u a t e d  i n  terms of deve loped  a c c i d e n t  s equences .  
C a l v e r t  C l i f f s  and o ther  C-E d e s i g n e d  p l a n t  o p e r a t i n g  e x p e r i e n c e s  
r e l a t i v e  t o  major i d e n t i f i e d  a c c i d e n t  s e q u e n c e s  have  been d i s c u s s e d  i n  
Sect.  3.2.  

4 .1  FMEA OBJECTIVES A N D  METHODOLOGY 

The o b j e c t i v e  of p e r f o r m i n g  FMEAs on t h e  c o n t r o l  s y s t e m s  selected i n  
S e c t .  3.1 is t o  i d e n t i f y  f a i l u r e  modes w i t h  e f f e c t s  hav ing  p o t e n t i a l  
s a f e t y  i m p l i c a t i o n s  f o r  t h e  C a l v e r t  C l i f f s  P l a n t .  The b a s i s  f o r  
c h o o s i n g  t h e  FMEA methodology and t h e  a p p l i c a t i o n  of t h i s  methodology t o  
t h e  SICS Program i s  d i s c u s s e d  i n  S e c t .  4 . 1 . 1 .  

Once t h e  s y s t e m  f a i l u r e  modes and t h e i r  e f fec ts  are t a b u l a t e d ,  t h e  
e f f e c t s  t h a t  may c o n t r i b u t e  t o  a c c i d e n t  s e q u e n c e s  of  conce rn  can  be 
i d e n t i f i e d .  These f a i l u r e  modes can  t h e n  be combined w i t h  o t h e r  
i n i t i a t i n g  e v e n t s  or equipment  f a i l u r e s  t o  assess t h e i r  s a f e t y  
i m p l i c a t i o n  i n  t h e  c o n t e x t  o f  a c c i d e n t  s e q u e n c e s .  The sequence  
development  methodology is d i s c u s s e d  i n  S e c t .  4.1.2. 

4.1.1 S e l e c t i o n  and A p p l i c a t i o n  o f  FMEA Methodology 

I n  g e n e r a l ,  two s y s t e m s  f a i l u r e  a n a l y s i s  me thodo log ie s  are  a v a i l a b l e  t o  
a n a l y z e  t h e  r e l a t i o n s h i p  of  f a i l u r e s  and t h e i r  e f fec ts :  "top-down" 
methods  s u c h  as f a u l t  t r ee s ,  and  "bottom-up" methods s u c h  a s  FMEA. Each 
method has  a d v a n t a g e s  depend ing  on  t h e  a n a l y s i s  o b j e c t i v e ,  and the  
r e a s o n s  f o r  s e l e c t i n g  t h e  FMEA methodology a re  d i s c u s s e d  h e r e .  I t  a l s o  
is n o t e d  t h a t  t h e  two a n a l y s i s  methods o f f e r  d i f f e r e n t  i n s i g h t s  i n t o  
a n a l y s e s  of sys t em f a i l u r e s  and t h e r e f o r e  are  o f t e n  used  t o g e t h e r .  

Top-down methods t y p i c a l l y  are used  when a s y s t e m  f a i l u r e  s t a t e  is known 
and t h e  c o m b i n a t i o n s  of  f a i l e d  components p r o d u c i n g  t h i s  f a i l e d  s t a t e  
are  des i red  (e .@;. ,  d e f i n e  t h e  combina t ions  of f a i l e d  components o f  a 
f l u i d  sys t em r e s u l t i n g  i n  a s y s t e m  flow r a t e  o f  l ess  t h a n  500 gpm). 
Because t h e  top-down method y i e l d s  a comple t e  l i s t i n g  of f a i l u r e s  
r e s u l t i n g  i n  a p a r t i c u l a r  f a i l e d  s t a t e ,  i t  is p a r t i c u l a r l y  u s e f u l  i n  
a s s e s s i n g  t h e  p r o b a b i l i t y  of t h e  f a i l e d  s t a t e .  
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The FMEA method, in contrast, proceeds from the opposite direction. 
Given a set of equipment, this method defines the failure modes and 
evaluates the effects of each. FMEAs typically are used to find 
undesirable failure modes of systems where the particular modes of 
failure are not known on some other basis. FMEAs are useful for the 
detailed analysis of a limited scope of equipment. However, FMEAs will 
not necessarily identify all combinations of failures leading to any of 
the effects identified, and therefore cannot be used directly to assess 
probabilities of these effects unless other methods such as fault trees 
are used in conjunction with the FMEA. 

The scope of the SICS Program limits the equipment studied to control 
systems and does not specify the failure modes. Therefore, FMEA was 
chosen as the appropriate assessment method. Fault trees are used in 
the SICS Program to evaluate the probabilities of selected system 
failure modes of significance once they are identified (see Sect. 5). 
In addition, it is recognized that due to federal design requirements 
for nuclear power plants and extensive regulatory design reviews, 
control system failure modes with safety significance are expected to be 
subtle. The FMEA method is expected to be particularly useful in 
identifying subtle failure modes. 

The FMEA method was applied to the SICS analysis in two levels of detail. 
At Calvert Cliffs, 35 systems were identified as control systems within 
the scope of the program. To analyze this number of systems efficiently, 
system failure modes were chosen first at the system function level 
(versus component level) to evaluate whether system failure modes of 
significance to the RCS or the safety systems were possible. Systems 
having significant effects at the system failure level were then 
reanalyzed in detail at the component failure level. 

Application of the system-level FMEA is a bounding technique. In 
choosing failure modes, emphasis was placed on ensuring that the effects 
of all possible combinations of component failures would be bounded. The 
credibility of the failure mode was not considered. The effects of the 
system level failure modes were evaluated by assessing their significance 
with respect to SG overfill, RCS overcooling, RCS undercooling 
(inadequate core cooling) or degrading safety system performance. 

The results of the system-level FMEAs were used in two ways: First, 
those systems with significant failure effects were selected for 
component level FMEA; and second, for those systems without significant 
failure effects, the results of the system-level FMEA were used directly 
without further detailed analysis. 

Component-level FMEAs were applied to develop a listing of all credible 
system component failures and their direct and indirect effects. The 
analysis begins with a complete listing of a system's major components 
(i.e., valves, pumps, transmitters, etc.) and the possible failure modes 
of each (a valve 'can fail completely open, completely closed, or in an 
"as is" or intermediate position). Three aspects of the failure mode 
then are evaluated and listed: possible causes of the failure, direct 
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and indirect effects, and possible remedial actions. Failure causes are 
useful in evaluating the potential for coupled failures (more than one 
failure mode resulting from a single initia%ing failure). Effects of 
the failure mode include both direct and indirect effects. For 
instance, the direct effect of a valve closure could be a complete loss 
of fluid flow. Indirect effects might include consequential failure of 
components in other systems. Remedial actions are evaluated and listed 
to aid in the evaluation of consequences. The availability of actions 
mitigating the effects of failure modes generally tend to reduce the 
importance of the failure mode, whereas effects that cannot be mitigated 
readily are of relatively greater importance. 

The compiled listing of the failure modes and their effects on the 
systems selected for component-level FMEA typically is very large, pre- 
senting in detail all failure modes rather than just those with 
potential safety implications. The tabulated effects of the FMEAs must 
be screened to identify the failure modes of potential safety 
significance. 

Four principal criteria were used to identify and separately list those 
failure effects (and their causes) having potential safety implications: 

1. potential for the failure mode to initiate or contribute to SG 

2. potential for the failure mode to initiate or contribute to 

3. potential for the failure mode to initiate or  contribute to a 

overfill, 

inadequate core cooling ( R C S  undercooling), 

continuous and uncontrolled decrease in RCS temperature in excess of 
technical specification rates, and 

4. potential to degrade the performance of safety systems. 

In addition to these criteria, the effects were evaluated to identify 
potentially significant effects not specifically addressed in the 
principal evaluation criteria. 

The identification and listing of all potentially significant failure 
modes provides a basis for the development and evaluation of possible 
accident sequences incorporating these failure modes, which is discussed 
in Sect. 4.1.2. The results of the Calvert Cliffs control systems FMEAs 
are discussed in Sect. 4.2. 

4.1.2 Accident Sequence Development Methodology 

A particular failure mode leading directly to an unmitigated accident 
would be a significant result. However, in addition to this unexpected 
class of events, control system failures also would be considered 
significant to the extent that they may contribute to unmitigated 
accident sequences in conjunction with other postulated failures. 

The evaluation of the safety significance of control system failures 
required the development of accident sequences and the incorporation of 
the control system failures in these sequences. Accident sequences were 



deve loped  u s i n g  a n  " e v e n t  t ree ,"  a r e p r e s e n t a t i o n  of an  i n i t i a t i n g  
e v e n t ,  and  t he  s u b s e q u e n t  s u c c e s s  o r  f a i l u r e  o f  r e q u i r e d  m i t i g a t i n g  
sys t ems .  An a c c i d e n t  s equence  is d e f i n e d  i n  t h e  e v e n t  tree as t h e  
i n i t i a t i n g  e v e n t  and a un ique  c o m b i n a t i o n  o f  t h e  o p e r a t i n g  s t a t e s  o f  t h e  
m i t i g a t i n g  s y s t e m s .  

The a c c i d e n t  s equence  a n a l y s i s  was begun by d e v e l o p i n g  a l i s t  o f  a c c i d e n t  
i n i t i a t i n g  e v e n t s  f rom a v a i l a b l e  i n f o r m a t i o n  such  as  t h e  C a l v e r t  C l i f f s  
FSAR and the  FMEAs o f  t h e  C a l v e r t  C l i f f s  c o n t r o l  s y s t e m s .  For each i n i -  
t i a t i n g  e v e n t ,  t h e  systems r e q u i r e d  t o  a c h i e v e  a d e m o n s t r a b l y  safe p l a n t  
o p e r a t i n g  s t a t e  ( e . g . ,  s a f e  h o t  shutdown)  were i d e n t i f i e d  and  a n  e v e n t  
t ree  c o n s t r u c t e d  based on t h e  s u c c e s s  o r  f a i l u r e  of these s y s t e m s  t o  
o p e r a t e .  The p l a n t  o p e r a t i n g  s t a t e  r e s u l t i n g  f rom each a c c i d e n t  s e q u e n c e  
was t h e n  e v a l u a t e d  t o  i d e n t i f y  those s e q u e n c e s  r e s u l t i n g  i n  a safe  s t a t e  
as d e f i n e d  i n  t h e  FSAR a c c i d e n t  a n a l y s e s  and t h o s e  r e s u l t i n g  i n  a 
p o t e n t i a l l y  u n s a f e  o r  u n d e f i n e d  s t a t e .  

Each e v e n t  t ree  was t h e n  r ev iewed  t o  assess t h e  p o t e n t i a l  c o n t r i b u t i o n  
of c o n t r o l  s y s t e m  f a i l u r e s  t o  u n s a f e  o r  u n d e f i n e d  p l a n t  s ta tes .  Event  
t rees i n v o l v i n g  c o n t r o l  sys t em a c t i o n s  w i t h  p o t e n t i a l  sa fe ty  
i m p l i c a t i o n s  were selected based on t h e  f o l l o w i n g  c r i t e r i a :  

1 .  t h e  e x i s t e n c e  o f  s u c c e s s f u l  c o n t r o l  sys t em a c t i o n s  r e q u i r e d  t o  
a c h i e v e  a sa fe  p l a n t  s t a t e  ( o r  c o n t r o l  s y s t e m  f a i l u r e s  l e a d i n g  t o  
p o t e n t i a l l y  u n s a f e  o r  u n d e f i n e d  p l a n t  s t a t e s ) ,  

t o  a c h i e v e  a s a f e  p l a n t  s t a t e ,  and  

l e a d i n g  t o  u n s a f e  c o n d i t i o n s  f o r  which no s a f e t y  s y s t e m  m i t i g a t i o n  
is a v a i l a b l e .  

2. t he  e x i s t e n c e  of c o n t r o l  sys t em f a i l u r e s  r e q u i r i n g  o p e r a t o r  a c t i o n  

3. t h e  e x i s t e n c e  o f  "as des igned"  c o n t r o l  sys t em a c t i o n s  p o t e n t i a l l y  

The  a c c i d e n t  s e q u e n c e s  d e f i n e d  by t h e  e v e n t  t rees selected i n  t h e  above  
p r o c e s s  i d e n t i f y  t he  c o n t r o l  s y s t e m  f a i l u r e s  w i t h  p o t e n t i a l  s a f e t y  i m p l i -  
c a t i o n s  and are i m p o r t a n t  r e s u l t s  o f  t he  SICS Program. 

The r e s u l t s  o f  t h e  C a l v e r t  C l i f f s  a c c i d e n t  s e q u e n c e  a n a l y s i s  are  
d i s c u s s e d  i n  Sect. 4 .3 ,  and t h e  f r e q u e n c i e s  o f  t he  i d e n t i f i e d  a c c i d e n t  
s e q u e n c e s  and t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  c o n t r o l  s y s t e m  f a i l u r e s  are 
e v a l u a t e d  and d i s c u s s e d  i n  Sect. 5. Selected a c c i d e n t  s e q u e n c e s  were 
a l s o  s u b j e c t e d ,  as r e q u i r e d ,  t o  p l a n t  t h e r m a l - h y d r a u l i c  a n a l y s e s  t o  
d e f i n e  p l a n t  consequence  s ta tes .  These are d i s c u s s e d  i n  S e c t .  6 ,  
i n c l u d i n g  t h e  s e l e c t i o n  c r i t e r i a .  

4 .2  I D E N T I F I C A T I O N  OF S I G N I F I C A N T  CONTROL SYSTEM FAILURES 

T h i s  s e c t i o n  p r e s e n t s  t h e  r e s u l t s  of the FMEAs o f  t h e  C a l v e r t  C l i f f s  
c o n t r o l  s y s t e m s  a t  b o t h  t h e  sys t em and component l e v e l s .  Those  f a i l u r e  
modes and e f f e c t s  t h a t  may c o n t r i b u t e  t o  a c c i d e n t  s e q u e n c e s  of  c o n c e r n  
are i d e n t i f i e d .  For  a l l  s u c h  f a i l u r e  modes, p o t e n t i a l  safety 
s i g n i f i c a n c e  was assessed w i t h  respect t o  t h e  p o t e n t i a l  t o  i n i t i a t e  o r  
c o n t r i b u t e  t o  S C  o v e r f i l l ,  RCS o v e r c o o l i n g ,  RCS u n d e r c o o l i n g  ( i n a d e q u a t e  
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c o r e  c o o l i n g ) ,  o r  d e g r a d a t i o n  o f  p l a n t  s a f e t y  s y s t e m  per formance .  
S e c t i o n  4.2.1 p r e s e n t s  t h e  s y s t e m - l e v e l  FMEAs, and  t h e  de ta i led  
component - leve l  FMEAs are p rov ided  i n  Appendix C and h i g h l i g h t e d  i n  
Sect.  4 .2 .2 .  

4.2.1 System-Level  F a i l u r e  Modes and Effects A n a l y s i s  (FMEA) 

The s y s t e m s  selected f o r  FMEA ( T a b l e  3 .1)  r e p r e s e n t  t h o s e  p l a n t  c o n t r o l  
sys t ems  which, o p e r a t i n g  e i t h e r  as d e s i g n e d  or i n  a degraded  s t a t e ,  may 
a f f e c t  RCS or s a f e t y  sys t em r e s p o n s e  t o  t r a n s i e n t s .  System f u n c t i o n s  
were rev iewed  t o  i d e n t i f y  s y s t e m  f u n c t i o n  f a i l u r e s  t h a t  c o u l d  a f f e c t  t h e  
s p e c i f i c  p l a n t - l e v e l  f a i l u r e  modes of R C  u n d e r c o o l i n g  o r  o v e r c o o l i n g ,  SG 
o v e r f i l l ,  or s a f e t y  s y s t e m  f u n c t i o n .  I n  t h i s  r e v i e w ,  comple t e  f a i l u r e  
o f  t h e  p l a n t  c o n t r o l  sys t ems  was assumed and  t h e  s u b s e q u e n t  impact  on 
p l a n t  o p e r a t i o n  e v a l u a t e d .  If s y s t e m  f a i l u r e  d i d  n o t  a f fec t  t h e  R C S  or 
r e s u l t  i n  S G  o v e r f i l l ,  t he  sys t em was n o t  s e l ec t ed  f o r  a component - leve l  
FMEA. 

I n f o r m a t i o n  used  i n  t h i s  r e v i e w  i n c l u d e d  t h e  C a l v e r t  C l i f f s  FSAR” and  
d e t a i l e d  sys t em d e s c r i p t i o n s  p r e p a r e d  f o r  BG&E. The ORNL a n a l y s e s  
assumed t h a t  o p e r a t i o n  o f  a l l  p l a n t  s y s t e m s  was c o n s i s t e n t  w i t h  BG&E 
o p e r a t i n g  p r o c e d u r e s .  I n  t h o s e  cases i n  which t h e  o p e r a t i o n a l  
c o n f i g u r a t i o n  used  d e v i a t e d  from the  a s - b u i l t  c a p a b i l i t y  of t h e  s y s t e m  
( e . g . ,  a d d i t i o n a l  c a p a b i l i t y  e x i s t e d  b u t  was n o t  u s e d ) ,  t h e  
c o n f i g u r a t i o n  a c t u a l l y  used  was e v a l u a t e d .  

O f  t h e  35 s y s t e m s  i n i t i a l l y  selected f o r  a n a l y s i s ,  t h i s  r e v i e w  selected 
1 4  fo r  component - leve l  FMEA. R e s u l t s  of  t h i s  r e v i e w  are  summarized i n  
Table  4.1. I n  t h i s  t ab le  each  sys t em i d e n t i f i e d  i n  Table  3.1 is 
c h a r a c t e r i z e d  a c c o r d i n g  t o  i t s  impact  on  R C S  o v e r c o o l i n g  and 
u n d e r c o o l i n g  and  S G  o v e r f i l l .  S e l e c t i o n  s t a t u s  f o r  component - leve l  FMEA 
can  be  found i n  t h e  g e n e r a l  comments p o r t i o n  of t h e  table .  The more 
s i g n i f i c a n t  sys t em l e v e l  FMEA r e s u l t s  are  d i s c u s s e d  i n  
Sects. 4.2.1.1-20. 

4 .2 .1 .1  A u x i l i a r y  B o i l e r  Steam System. The a u x i l i a r y  b o i l e r  steam 
s y s t e m  can p r o v i d e  motive steam f o r  t h e  main and  a u x i l i a r y  feed pump 
t u r b i n e s  under  s t a r t u p ,  shutdown,  and  emergency c o n d i t i o n s .  Use of the 
a u x i l i a r y  b o i l e r  steam sys t em t o  power t h e  feed pumps d u r i n g  o p e r a t i o n  
is c o n s i d e r e d  u n l i k e l y  b e c a u s e  i t  would r e q u i r e  f a i l u r e  of t h e  normal  
steam s o u r c e  f o r  t h e  main and  a u x i l i a r y  s t eam-dr iven  pumps and  f a i l u r e  
of  t h e  moto r -d r iven  AFW pumps. Shutdown o p e r a t i o n s  have  n o t  been 
c o n s i d e r e d  i n  t h i s  a n a l y s i s  e f f o r t .  

The a u x i l i a r y  b o i l e r  steam sys t em a l s o  heats t h e  r e f u e l i n g  water t a n k  
(RWT) when t h e  ambient t e m p e r a t u r e  d r o p s  below 45OF. F a i l u r e  of t h e  RWT 
h e a t i n g  below 45OF would r e q u i r e  shutdown due t o  v i o l a t i o n  of t e c h n i c a l  
s p e c i f i c a t i o n s .  Thus t h e  p o t e n t i a l l y  a d v e r s e  e f f ec t s  o f  a n  a u x i l i a r y  
bo i l e r  f a i l u r e  would r e q u i r e  ex t r eme  weather c o n d i t i o n s  f o r  an  ex tended  
p e r i o d  of  time and a v i o l a t i o n  of  t h e  t e c h n i c a l  s p e c i f i c a t i o n s .  Even 
under  these u n l i k e l y  c o n d i t i o n s ,  u n p r o t e c t e d  p i p e s  would f r e e z e  before 
t h e  l a r g e  water volume of t h e  RWT. I n j e c t i o n  of cold water may be of 



Table 4.1. Summary of system-level failure modes and effects analysis 
-----------̂ ---___----__________--_-_I___--1__---1_------------- 

Potent ia l  System Fai lure  Effects  
_ _ ~ ~ ~  

RCS RCS Safety 
Under- Over- SG System 

General Comments System Name and I D  Failure Mode cooling cooling Overf i l l  In t e r f ace  
-I--- --- ---- ------------------ 

EO6 Plant Computer Complete Computer 
Fa i lure  

Returns Erroneous Data 

PO8 Auxiliary F a i l s  t o  Heat RUT 
Boiler F a i l s  Plant Heating 

No No No No Not Selected. Although used 

No No No No 
t o  calculate  oore pawer and 
core power d i s t r i b u t i o n  
required by Technical Specifi-  
cations,  i t  provides only a 
monitoring function and is not 
used t o  control plant  compo- 
n e n t s  during a t ransient .  m 

0 

Possible Possi ble  No Possible Not Selected. Fai lure  t o  heat  
RUT under the most extreme 
conditions, may block the RUT 
as a source of water t o  the 
aafety injeot ion systems. 
Failure of plant  heating would 
othervise not jeopardize plant  
operation (see 4.2.1.1). 
However, l i t t l e  Information 1s 
avai lable  t o  evaluate system 
impacts i n  d e t a i l .  

No No No No 



Table 4.1 (continued) 

Potent ia l  System Fai lure  Ef fec t s  

R C S  R CS Safety 
Under- Over- sc System 

General Comments System Name and I D  Failure Mode cooling cooling Overf i l l  Interface 

NOg.C E l e c t r i c  Heat F a i l s  w i t h  Heating Off No No No No Not Selected. Boron preci- 
Tracing F a i l s  w i t h  Heatlng On No No No No p i t a t l o n  is not capable of 

blocking in j ec t ion  paths from 
the RWT t o  t h e  RCS. Specif ic  
oore safety requirements f o r  
high concentration boric acid 
from CVCS could not be ident i -  
f i ed  ( see  4.2.1.19).  

Not Selected. Fai lure  t o  
process RCS pur i f i ca t ion  

impact RCS operat ian i n  the 
sho r t  term. 

2 
No No 

No No r e s i n s  would not s ign i f i can t ly  

WO1.C Solid Waste Spent Resin Processing No No 

Lou Level Waste No No 
Processing Fa i l s  

Drumming F a i l s  

WO1. A Waste Gas Compression of Waste No No 
Processing Gas Into Decay Tanks 

Fa i l s  

No No Not Selected. Fai lure  would 
not impact the RCS or equip- 
ment required t o  mit igate  
t ransients .  



Table 4.1 (continued) 
------------------I_-_______I___ ---- ----e 

Potent ia l  System Fai lure  Wfec t s  
----------I- 

RCS RCS Safety 
Under- Over- sc System 

System Name and I D  Fai lure  Node cooling cooling Overf i l l  Interface General Comments 
-- _.- ----- ------ 

UO9.A Hydrogen Gas F a i l s  t o  Supply Volume No No No No 

Fails t o  Supply No No No No 

Releases H p  t o  No No No No 

Control Tank 

Generator Cooling 

Auxiliary Building 

U09.B Nitrogen Gas F a i l s  t o  Pressurize SI No No No Possible 
Acaumul a t o r  s 

Not Selected. Fa i lure  could 
r e s u l t  i n  higher, long tern 
RCS oorrosion r a t e s  (assuming 
the  plant  was not shutdown and 
r epa i r s  made) and/or turbine 
t r i p .  Host severe impact 
comes frtm the  explosion 
danger due t o  the release of 
H2 t o  t h e  plant environment. 
Impacts of auoh a t ransient  
should be evaluated 
separately.  

Not Selected. SI accumulators 
a r e  assumed t o  be pressurized 
p r io r  t o  reactor  s t a r tup  (see 
4.2.1.18). Fai lure  t o  delay 
s t a r t u p  u n t i l  acoumulators a r e  
pressurized or a depressuriza- 
t ion of accumulators ( sa fe ty  
sys tem f a i l u r e )  may impact 
reoovery from very l a rge  
LOCA's. 



Table 4.1 (continued) 
----- ------_1_---------- --------c_--------- 

P o t e n t i a l  System F a i l u r e  E f f e c t s  
---------- 

RCS R CS S a f e t y  
Under- Over- SG System 

System Name and I D  F a i l u r e  node c o o l i n g  c o o l i n g  O v e r f i l l  I n t e r f a c e  General Comments 
- - --------I_----- -------- 

PO1 Main Steam F a i l s  t o  Remove Reactor Yes No 
Heat 

Overpressure 
Proteo t i o n  

F a i l s  t o  Provide SG No Yes 

SG Tube Rupture P o s s i b l e  No 
P i p e  or Valve Rupture  No Yes 
F a i l s  t o  Maintain No Yes 

Preseure 

NO9 Chemical and F a i l s  t o  Control  RCS Yes No 

Fails t o  Control  Boric  No No 

F a i l s  to Provide S a f e t y  Yea No 

F a i l s  t o  Control RCS P o s s i b l e  P o s s i b l e  

Volume Control  Volume 

Acid Concentrat ion 

I n j e c t i o n  

Chemistry 

N04. A Reactor I n a o r r e c t l y  S e t s  P o s s i b l e  No 
Regulat ing P r e s s u r i z e r  Level 

F a i l s  Steam Dump and No Yes 
Turb ine  Bypass 

Yea 

No 

Poss ib l  e 
No 
No 

No 

No 

No 

No 

No 

NO 

No 

No 

No 
Yea 
No 

No 

No 

r e s  

No 

No 

No 

Selec ted .  S i g n i f i c a n t  impaot 
on RCS ( s e e  4.2.1.6). 

cn 
W 

Se lec t ed .  S i g n i f i c a n t  d i r e c t  
i n t e r f a c e  w i t h  t h e  RCS ( s e a  
4.2.1.7). 

Se lec t ed .  Impact on both 
primary and secondary systelea 
was basis f o r  s e l e c t i o n  (see 
4.2.1 .a) .  



Table 4.1 (continued) ------------------ -----_I_--- 

Potent ia l  System Fai lure  Effects  

RCS ACS Safety 
Under- Over- SG System 

System Name and I D  Fai lure  Mode cooling oooling Overfil l  In t e r f ace  General Comments 

N O 4  Reactor Pump Seal Failure Yes Yes No No Selected. Response of RCS 
Cool ant  Small LOCA provides the basla f o r  

Pressurizer  PORV's  Fall  Yea Yes No No evaluating control system 
f a i l u r e s  (see 4.2.1.10). Open 

PO7 Steam Unlaolated Blowdown t o  No Possible No No Not selected.  Fai lure  of 
system unlikely to  s i g n i l i -  Generator Condenser 

Blowdown F a i l s  t o  Maintain SQ Possible Possible No No cant ly  affect  the secondary 
m 
L= 

Water Chemistry system (see 4.2.1.9). 

PO5 Condensate and F a i l s  t o  Correctly Possibl e Possible Yes No Selected. Failure of system 
Feedwa t e r  Haintain SG Water could adversely impact the 

Level operation of secondary system 
(see  4.2.1.11). 

Excessive Flow No Possible Yes No Selected. Failure of syatem 

removal and SG o v e r f i l l  ( s ee  
4.2.1.12). 

P05. A Peedwater 
Yea No No No has an impact on core heat Regulating Insu f f i c i en t  Plow 

P03.A Steam Dump and F a i l s  Bypass Valves No No No No Selected. Fai lure  of System 
Turbine Bypass Closed could cause depreseurization 
Control F a i l s  Bypass Valves No Yes No No of secondary ( see  4.2.1.13). 

Open 



T a b l e  4 . 1  (continued) 
~ ~- ~ ~ ~ 

P o t e n t i a l  System F a i l u r e  Effects 

RCS RCS S a f e t y  
Under- Over- SG System 

System Name and I D  F a i l u r e  Mode c o o l i n g  c o o l i n g  O v e r f i l l  I n t e r f a c e  General Comments 

P02.A Turbine F a i l s  t o  Supply No No No No Not Se lec t ed .  F a i l u r e s  in- 
Genera t o r  S u f f i c i e n t  Steam v o l v i n g  steam flaw r e s u l t  i n  
Control Flow to  Turbine t u r b i n e  t r i p .  Turbine t r i p s  

S u p p l i e s  Excess ive  No No No No are a c t u a t e d  by o t h e r  i n s t r u -  
Steam Flow to  men ta t ion  and mechanical 
Turb ine  sys tems and w i l l  be addressed  

acco rd ing ly  (see 4.2.1.14). 

PO2 Turbine F a i l u r e  to  T r i p  No Yes No No Not Se lec t ed .  F a i l u r e  of 
Generator/ Turb ine  t u r b i n e  t o  t r i p  would be a 
Condenser Loss of Condenser P o s s i b l e  No No No SLB. F a i l u r e  of condenser  

Funct ion  could  impact RCS (see 
4.2.1.171, bu t  is similar t o  
f a i l u r e  r e s u l t i n g  from loss of 
feedwater and c l o s u r e  of tu r -  
b i n e  bypass va lves .  These tlro 
f a i l u r e s  are r e t a i n e d  a8 bouc- 
d i n g  events .  

N04.B Reactor 
Coolant 
P res su re  
Regula t ing  

P r e s s u r i z e r  Heaters or P o s s i b l e  Possible No No Se lec t ed .  F a i l u r e s  may impeo5 
Spray Valve RCS (see 4.2.1.15). 
Hisopera t ed  

cn ul 
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Table 4.1 (continued) -------- -------- I__ 

P o t e n t i a l  System F a i l u r e  E f f e c t s  -- ---- 
RCS RCS S a f e t y  

Sy 8 t em Under- Over- SG 
System Name and I D  F a i l u r e  Mode c o o l i n g  c o o l i n g  O v e r f i l l  I n t e r f a c e  General Comments --- -- - 
N09. A P r e a s u r i z e r  I n s u f f i c i e n t  Net 

Level Letdown Flow 
Regulat ing Excesalve Net Makeup 

F1 ow 

W02 Redia t i o n  Spur ious  Closing: 

Spur ious  Closing : 

F a i l  t o  I s o l a t e  

Monitoring SG Blowdown Valves 

I s o l a t i o n  Valves 

YO1. B1 RC Waste F a i l s  t o  Receive 
Processing Letdown from RCS 

v i a  CVCS 
F a i l s  t o  Supply Boric  

Acid S torage  Tanks 

W01.B2 Ulscel laneoua F a i l s  t o  Process  SC 
Waste Blovdown 
Processing 

Yes 

Yea 

No 

No 

No 

No 

No 

No 

No No No 

No No No 

NO No No 

No No No 

No No No 

No No No 

No No No 

No No No 

Selec ted .  P o t e n t i a l  LOCA 
i n i t i a t o r  ( s e e  4.2.1.16 1. 

Not Seleoted.  System f a i l u r e  
may cause Tech Spec non- 
compliance, but  would not  
impact components a b i l i t y  t o  
achieve  s a f e  shutdown. 

Not Se lec ted .  System f a i l u r e  
may result i n  i n a b i l i t y  t o  
recover  bo r i c  a c i d  from 
letdown. However, t he  impact 
of t h i s  system on p l a n t  
response t o  t r a n s i e n t s  is 
minimal. 

Not Se lec ted .  F a i l u r e  t o  
process  SC blcwdown would not  
impact components needed t o  
achieve s a f e  shutdown of the  
p l an t .  



Table 4.1 (continued) 

Potent ia l  System Fai lure  Effects  

RCS BCS Safety 
Under- Over- SG System 

System Name and I D  Fai lure  node cooling cooling Over f i l l  In t e r f aae  General Comments 

W07. B Instrument Alr 

W04.B S a l t  Uater 
Cooling 

W03. A Component 
Cool I ng 

U03.B Service Water 

Pa i l s  t o  Supply Hotive 
Power t o  Valves 

F a i l s  t o  Cool Service 
and Component Cooling 
Water 

Fa i l s  t o  Provide 
Cooling Uater t o  
Strategic  Plant 
Com po nen t s 

F a i l s  t o  Provide 
Cooling Water t o  
S t r a t eg ic  Plant 
Com ponen ts 

Yes No Yes Yes 

Yes No Yes Yes 

Yes No No Yes 

Yes No Yes Yes 

Selected. Failure of 
in s t rumen t  a i r  adversely 
impacts f eedw a t e r  regula t i ng 
valves (see 4.2.1.2). 

Selected. Indirect  f a i l u r e  of 
service and component cooling 
water systems could r e s u l t  
from s a l t  water cooling m 
f a i l u r e  (see 4.2.1.3). 4 

Selected. System f a i l u r e  
would cause small LOCA Prom 
RC Pump Seals  (see 4.2.1.5). 

Selected. System f a i l u r e  
could cause instrument air  and 
safety system unava i l ab i l i t y  
(see 4.2.1.4). 



Table 4.1 (continued) -- ---- ----- 
P o t e n t i a l  System F a i l u r e  Effects 

- 
RCS RCS Sal e ty  

Under- Over- SG System 
System Name and ID P a i l u r e  Hode ooo l ing  c o o l i n g  O v e r f i l l  I n t e r f a c e  General  Comments 

WO8 Sampling P a l l s  R e s u l t i n g  i n  RCS No No No No Not se l eo ted .  F a i l u r e s  may 

Leakage system leakage  and poss ib ly  
r e q u i r e  shutdown. However, 
t h e  des ign  limits maximum 
flowrates and wors t  c a s e  
f a i l u r e s  are no t  expec ted  t o  
have any s i g n i f i c a n t  Impact on 
i d e n t i f i e d  f a i l u r e  modes. 

System or Secondary System result in primary or secondary 

COS Containment F a i l s  t o  Adequately 
Air Recircu- Cool Containment 
l a t i o n  and 
Cooling System 

No No No No Not Se lec ted .  System P a i l u r e  
would r e s u l t  i n  i no reased  
containment  t empera tu res  
poss ib ly  r e q u i r i n g  p l a n t  
shutdown. I n  t h e  long  term. 
in-containment  equipment 
accuracy  o r  o p e r a b i l i  t y  may 
be affected. To some degree,  
t h e  o p e r a t i o n  of t he  c o n t a l s -  
ment purge system would 
moderate containment  
temperatures .  



Tab le  4.1 (continued) 
- __.I- I-- 

P o t e n t i a l  System F a i l u r e  Effects 
-- 

RCS S a f e t y  
Under- Over- sc System 

R CS 

System Name and I D  F a i l u r e  Mode c o o l i n g  c o o l i n g  Overfill I n t e r f a c e  Genera l  Comments - ---- 
C05 Containment F a i l s  t o  Purge 

Purge Containment of 
Hydrogen 

CO8.B P r e s s u r i z e r  F a i l s  t o  I n j e c t  
Compartment Containment Air i n t o  
Cool ing  P r e s s u r i z e r  Compartment 

X05. B1 Turbine  
Bui 1 d i ng 
V e n t i l a t i o n  

F a l l s  t o  Cool Turbine 
Bui ld ing  

No No No No Not Se lec t ed .  System i s  only  
ope ra t ed  when aontainment  is 
occupied. Its f a i l u r e  is no t  
expec ted  t o  impact  equipment 
o p e r a b i l i  ty .  

Not Se lec t ed .  'Ihe p r e s s u r i z e r  
compartment is cooled by 
i n j e o t i o n  of  alr from the  con- 
ta inment  t i o n a l  air coolers i n j e o t i o n  and addl- from t h e  

p r e s s u r i z e r  compartment 
blowers. I n  t h e  e v e n t  these 
blowers  f a i l ,  compartment 
t empera tu res  would be l imi ted  
by t h e  conta inment  coolers. 

No No No No 

Not Selected. System f a i l u r e  
would r e s u l t  in a n  increase i n  
t u r b i n e  b u i l d i n g  tempera ture  
poss ib ly  r e q u i r i n g  o r  caus ing  
p l a n t  shutdown. I n  the long  
term, t u r b i n e  b u i l d i n g  equip- 
ment accu racy  or o p e r a b i l i t y  
may be affected. 

No NO No No 



P o t e n t i a l  System F a i l u r e  E f f e c t s  
- 

RCS RCS S a f e t y  
Under- Over- sc S y 8 t a  

General Comments Syaten Name and I D  F a i l u r e  Mode c o o l i n g  c o o l i n g  O v e r f i l l  I n t e r f a c e  
----- _.---------------I- 

No Not Se lec ted .  System fai lure  X05. D Auxil iary F a l l 8  t o  Cool Auxil iary No No No 

EO 1 

EO 2 

E03 

Bui  Id1  ng- Bui ld ing  
Ven t i l a t ion  

500 Kv Sn i t ch -  Pa i l s  t o  Provide 
yard and Unit  E l e c t r i c  Power 
Pansf o m e r  

13,000, 4160 F a i l a  t o  Provide 
and 480 Volt Electric Poner 
S t a t i o n  Power 
D i s t r i b u t i o n  
System 

Yes No 

Yes No 

No 

No 

125 Volt DC F a i l a  t o  Provide No Poss ib l e  Ye3 
and 120 VAC E l e c t r i c  Power 
E l e c t r i c  
Power System 

would r e s u l t  i n  an inc rease  i n  
a u x i l i a r y  bu i ld ing  temperature  
poss ib ly  r e q u i r i n g  or causing 
p l a n t  shutdown. I n  t he  long 
term, a u x i l i a r y  b u i l d i n g  
equipment accuracy o r  opera- 
b i l i t y  may be a f fec t ed .  

-a Yes Se lec ted .  System f a i l u r e  0 

would chal lenge  emergency 
power f o r  a u x i l i a r y  feedwater  
pumps and HPSI. 

Yes Se lec ted .  System f a i l u r e  
would cha l l enge  emergency 
power f o r  a u x i l i a r y  feedwater  
pumps, HPSI and power requi red  
t o  open atmospheric dump & R e  
t u rb ine  by pass  Val ves . 
Selec ted .  System f a i l u r e  w i l l  
prevent  t he  t r i p  of steam 
g e n e r a t o r  feed pumps and re- 
s u l t  i n  a tmospheric  dump ar.a 
t u r b i n e  bypass va lves  c los ing .  

No 
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some c o n c e r n  i n  some PTS sequences .  However, PTS a n a l y s e s  performed t o  
date have  n o t  shown RWT water t e m p e r a t u r e  t o  be  of s i g n i f i c a n t  conce rn  
(see r e f .  5 ) .  

Because use of the  a u x i l i a r y  bo i l e r  steam sys t em f o r  a f u n c t i o n  
a f f e c t i n g  p l a n t  s a f e t y  is e x t r e m e l y  u n l i k e l y ,  t h i s  sys t em was no t  
se lec ted  f o r  a component l e v e l  FMEA. 

4.2.1.2 I n s t r u m e n t  A i r  System. The i n s t r u m e n t  a i r  sys t em p r o v i d e s  
c o n t r o l  and o p e r a t i n g  a i r  f o r  t h e  o p e n i n g  or  c l o s i n g  o f  a i r - o p e r a t e d  
v a l v e s  t h r o u g h o u t  the  p l a n t .  F a i l u r e  o f  t h e  i n s t r u m e n t  a i r  s y s t e m  w i l l  
c a u s e  b o t h  FW r e g u l a t i n g  v a l v e s  t o  f r e e z e  i n  p o s i t i o n  and both  FW bypass  
v a l v e s  t o  open.  The n e t  r e s u l t  o f  t h i s  f a i l u r e  is a p o t e n t i a l  o v e r f i l l  
o f  t h e  SGs f o l l o w i n g  r e a c t o r  t r i p .  

A p a s s i v e  f a i l u r e  o f  t h e  B t r a i n  pneumat ic  t u b i n g  w i l l  r e s u l t  i n  
s p u r i o u s  i n i t i a t i o n  of t h e  s t eam-dr iven  a u x i l i a r y  feedwater sys t em (AFS) 
pump and  o p e n i n g  of t h e  a s s o c i a t e d  AFS c o n t r o l  v a l v e s .  T h i s  s p u r i o u s  
i n i t i a t i o n  of t h e  AFS w i l l  e x a c e r b a t e  SG o v e r f i l l  c o n d i t i o n s .  

The i n s t r u m e n t  a i r  sys t em was selected for component - leve l  FMEA b e c a u s e  
of  its p o t e n t i a l  f o r  c a u s i n g  a S G  o v e r f i l l  c o n d i t i o n  f o l l o w i n g  reactor 
t r i p .  The r e s u l t s  of t h e  component - leve l  FMEA are  p rov ided  i n  
Sect.  4 .6 ,  and  a d e s c r i p t i o n  of  t h e  i n s t r u m e n t  a i r  s y s t e m  is i n c l u d e d  i n  
Appendix B-I 3. 

4 .2 .1 .3  S a l t  Water Cool ing  System. The s a l t  water c o o l i n g  s y s t e m  
p r o v i d e s  t h e  heat  s i n k  f o r  t h e  s e r v i c e  and CCW s y s t e m s .  The i n t e r f a c e s  
between the  s a l t  water c o o l i n g  s y s t e m  and t h e  service water and CCW 
s y s t e m s  are t h e  s e r v i c e  and CCW heat e x c h a n g e r s  r e s p e c t i v e l y .  F a i l u r e  
of t h e  s a l t  water c o o l i n g  sys t em t o  c o o l  these heat e x c h a n g e r s  for  an  
ex tended  p e r i o d  c o u l d  a f f e c t  t h e  f u n c t i o n  of numerous p l a n t  components. 
The time frame n e c e s s a r y  f o r  t h e  f a i l u r e  o f  t h e  s a l t  water c o o l i n g  
sys t em t o  s e r i o u s l y  a f f e c t  t h e  s e r v i c e  water and component c o o l i n g  
f u n c t i o n s  is d i f f i c u l t  t o  a s c e r t a i n .  C l e a r l y ,  t h e  more immediate impact  
on t h e  components  is t h e  complete loss of s e r v i c e  water o r  CCW. The  
deg raded  o p e r a t i o n  caused  by f a i l u r e  of t h e  s a l t  water c o o l i n g  s y s t e m  t o  
s u p p l y  c o o l i n g  water t o  t h e  hea t  e x c h a n g e r s  r e p r e s e n t s  a s e c o n d a r y  
impact  on p l a n t  o p e r a t i o n ,  which w i l l  be  addressed elsewhere. The 
s e r v i c e  water and component c o o l i n g  s y s t e m s  are  a l s o  s e l ec t ed  f o r  
component - leve l  FMEA and can  be found i n  Sects. 4 .2 .1 .4  and  4 .2 .1 .5  
r e s p e c t i v e l y .  

4 .2 .1 .4  S e r v i c e  Water System. The s e r v i c e  water s y s t e m  p r o v i d e s  
c o o l i n g  water s e r v i c e  f o r  s t r a t e g i c  p l a n t  components  i n c l u d i n g  t u r b i n e  
g e n e r a t o r ,  D G s ,  a i r  c o m p r e s s o r s ,  and  feed pumps. F a i l u r e  o f  t h e  s e r v i c e  
water c o o l i n g  t o  t h e  t u r b i n e  and  g e n e r a t o r  is e x p e c t e d  t o  r e s u l t  i n  a 
t u r b i n e  t r i p .  F a i l u r e  o f  t h e  s e r v i c e  water c o o l i n g  t o  t h e  D G s  would 
c o n t r i b u t e  t o  t h e  f a i l u r e  of emergency e l ec t r i c  power. Loss o f  s e r v i c e  
water t o  the  i n s t r u m e n t  a i r  compresso r s  c o u l d  c a u s e  e v e n t u a l  f a i l u r e  of 
t h e  i n s t r u m e n t  a i r  sys t em (Sect. 4 .2 .1 .2 ) .  Loss o f  s e r v i c e  water t o  t h e  
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M F W  pump and  c o n d e n s a t e  b o o s t e r  pump l u b e  o i l  c o o l e r s  is e x p e c t e d  t o  
r e q u i r e  e v e n t u a l  pump t r i p  t o  p r e v e n t  damage. MFW pump t r i p  w i l l  r e s u l t  
i n  a u x i l i a r y  feed pump a c t u a t i o n  on low S C  l e v e l .  

The s e r v i c e  water s y s t e m  was selected f o r  componen t - l eve l  FMEA on t h e  
basis of i t s  impac t  on emergency power and i ts  a b i l i t y  t o  c a u s e  l o s s  of 
t h e  i n s t r u m e n t  a i r  c o m p r e s s o r s .  

4.2.1.5 Component Coo l ing  Water System. The CCW s y s t e m  s u p p l i e s  
c o o l i n g  and  sea l  water t o  numerous components t h r o u g h o u t  t h e  p l a n t .  
S p e c i f i c a l l y ,  i t  s u p p l i e s  the R C  pump mechan ica l  seal  c o o l e r s ,  thermal 
bar r ie rs ,  and b e a r i n g  o i l  c o o l e r s .  I t  a l s o  s u p p l i e s  c o o l i n g  water t o  
t h e  HPSI  and L P S I  pumps f o r  t h e  s t u f f i n g  box j a c k e t s ,  b e a r i n g  h o u s i n g s ,  
and m e c h a n i c a l  seal  c o o l e r s  as w e l l  as t h e  shutdown c o o l i n g  heat 
e x c h a n g e r s .  

Con t inued  o p e r a t i o n  o f  t he  RC pumps f o l l o w i n g  l o s s  of CCW c o u l d  r e s u l t  
i n  sea l  f a i l u r e  and a s u b s e q u e n t  small LOCA. O p e r a t i o n  o f  t h e  H P S I  and 
L P S I  pumps f o r  p e r i o d s  greater t h a n  2 h w i t h o u t  CCW may r e s u l t  i n  
e v e n t u a l  pump f a i l u r e .  

The CCW s y s t e m  was selected f o r  component - leve l  FMEA b e c a u s e  o f  its 
p o t e n t i a l  impact  on  RC u n d e r c o o l i n g .  Detai led a n a l y s i s  o f  t h e  f a i l u r e  
modes of t h i s  s y s t e m  can  be found  i n  Sect. 4 .2 .2 .  

4 .2 .1 .6  Main Steam System. For t h e  p u r p o s e s  o f  t h i s  s t u d y ,  t he  main 
steam s y s t e m  is c o n s i d e r e d  t o  i n c l u d e  t h e  S G ,  t h e  main steam i s o l a t i o n  
v a l v e s ,  t h e  code  s a f e t y  v a l v e s ,  t h e  main steam s t o p  and  c o n t r o l  v a l v e s ,  
and  t h e  i n t e r c o n n e c t i n g  p i p i n g .  (The a t m o s p h e r i c  steam dump and t u r b i n e  
bypass  v a l v e s ,  which w i l l  be a n a l y z e d  i n  c o n j u n c t i o n  w i t h  t h e  main steam 
s y s t e m ,  are actuated by t h e  a t m o s p h e r i c  steam dump and t u r b i n e  bypass  
c o n t r o l  s y s t e m  d i s c u s s e d  i n  Sect.  4 . 2 . 1 . 1 3 ) .  

The S C  r e c e i v e s  water a t  t h e  s e c o n d a r y  s y s t e m  i n l e t  from t h e  c o n d e n s a t e  
and FW s y s t e m .  The main steam s y s t e m  discharges h i g h - q u a l i t y  steam t o  
t h e  t u r b i n e  g e n e r a t o r  and condense r  s y s t e m  f o r  t h e  c o n v e r s i o n  o f  thermal 
e n e r g y  t o  e l e c t r i c a l  ene rgy .  I t  a l s o  removes r e a c t o r  heat and p r o t e c t s  
t h e  S C  from o v e r p r e s s u r i z a t i o n .  T u r b i n e  t r i p  t r a n s i e n t s  r e q u i r e  t h a t  
t h e  s a f e t y  v a l v e s ,  t u r b i n e  bypass  v a l v e s ,  o r  atmospheric steam dump 
v a l v e s  open t o  p r e v e n t  o v e r p r e s s u r i z a t i o n  o f  t h e  S G  and  f o r  removal  o f  
r e s i d u a l  heat from t h e  RCS.  On t h e  o t h e r  h a n d ,  t h e  d i s c h a r g e  of 
e x c e s s i v e  steam t o  t h e  t u r b i n e  o r  t h r o u g h  t h e  r e l i e f  v a l v e s  p o t e n t i a l l y  
r e s u l t s  i n  R C S  o v e r c o o l i n g .  R u p t u r e  of t h e  SG t u b e ( s )  is a small LOCA, 
which c o u l d  p o t e n t i a l l y  a f fec t  t h e  r a t e  o f  c o r e  heat  r emova l .  A p i p e  o r  
v a l v e  r u p t u r e  i n  t h e  main steam s y s t e m  c o u l d  a l s o  lead t o  RCS 
o v e r c o o l i n g  due  t o  d e p r e s s u r i z a t i o n  of t h e  SG. These f a i l u r e  modes w i l l  
be addressed i n  d e t a i l  i n  t h e  componen t - l eve l  FMEA o f  t h e  main steam 
s y s t e m .  

The a t m o s p h e r i c  steam dump and t u r b i n e  b y p a s s  sys t em p e r m i t s  t he  c o n t r o l  
o f  s e c o n d a r y  steam p r e s s u r e  w i t h o u t  r e q u i r i n g  o p e r a t i o n  of t h e  main 
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steam s a f e t y  v a l v e s .  F a i l u r e  modes o f  t he  a t m o s p h e r i c  steam dump and 
t u r b i n e  bypass  c o n t r o l  s y s t e m  are  d i s c u s s e d  i n  S e c t .  4.2.1.13. 

The SG blowdown s y s t e m  i n t e r f a c e s  w i t h  t h e  SGs t o  m a i n t a i n  t h e  SG water 
chemistry and t o  c o o l  and p u r i f y  t h e  blowdown water f o r  r e t u r n  t o  t h e  
c o n d e n s a t e  sys t em.  F a i l u r e  modes o f  t h i s  sys t em w i l l  be addressed i n  
Sect. 4 .2 .1 .9 .  

4 .2 .1 .7  Chemical and Volume C o n t r o l  System. The chemical and volume 
c o n t r o l  s y s t e m  ( C V C S )  is d e s i g n e d  t o  remove, p u r i f y ,  and r e p l a c e  RC a t  
a c o n t r o l l e d  f low r a t e  t o  m a i n t a i n  p r e s s u r i z e r  l e v e l  d u r i n g  r e a c t o r  
o p e r a t i o n .  The s y s t e m  is a l s o  used  t o  i n j e c t  chemicals t o  c o n t r o l  RC 
chemistry,  c o l l e c t  and r e i n j e c t  t h e  c o n t r o l l e d  b l e e d - o f f  from t h e  R C  
pump sea ls ,  and p r o v i d e  h i g h - p r e s s u r e  i n j e c t i o n  (HPI) of  c o n c e n t r a t e d  
b o r i c  ac id  f o l l o w i n g  a c c i d e n t s .  

The CVCS c o n s i s t s  of a l e tdown  and c h a r g i n g  subsys t em and a makeup 
subsys t em.  The le tdown and c h a r g i n g  subsys tem p r o v i d e s  RC removal  and 
r e t u r n  t o  t h e  R C S ,  w h i l e  t h e  makeup subsys t em c o n t r o l s  R C S  water 
c h e m i s t r y .  

I n  an  ex t r eme  case, f a i l u r e  o f  t h e  l e tdown  and c h a r g i n g  subsys t em t o  
m a i n t a i n  t h e  water volume i n  t h e  R C S  c o u l d  i n h i b i t  R C  c i r c u l a t i o n  and 
c o r e  heat removal .  T h i s  CVCS f a i l u r e  might  r e s u l t  from a f a i l u r e  o f  t h e  
c h a r g i n g  pumps a n d / o r  d i v e r s i o n  o f  t h e  l e tdown  f l u i d  t o  t h e  l i q u i d  waste 
t a n k s .  The p o t e n t i a l  f o r  d e c r e a s i n g  R C S  c o o l a n t  i n v e n t o r y  r e s u l t e d  i n  
t h e  s e l e c t i o n  of t h e  CVCS for component - leve l  FMEA. 

The CVCS r e q u i r e s  i n s t r u m e n t  a i r  and c o n t r o l  power f o r  v a l v e  p o s i t i o n i n g  
and mot ive  power f o r  c h a r g i n g  pumps t o  f u n c t i o n .  Loss of i n s t r u m e n t  a i r  
r e s u l t s  i n  c l o s u r e  of t h e  le tdown s t o p  and r e g u l a t i n g  v a l v e s .  C o n t r o l  of 
le tdown r e g u l a t i n g  v a l v e s  is p rov ided  by  t h e  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  
s y s t e m  (Sect .  4 .2 .1 .16 ) .  Cha rg ing  f low is c o n t i n u o u s l y  s u p p l i e d  by one 
or more c h a r g i n g  pumps. Fo l lowing  l o s s  o f  CCW t o  t h e  le tdown heat 
e x c h a n g e r ,  t h e  CVCS t r a n s f e r s  t o  a r e c i r c u l a t i o n  mode, b y p a s s i n g  t h e  i o n  
e x c h a n g e r s ,  r a d i a t i o n  m o n i t o r ,  and boronometer .  

F a i l u r e  o f  t h e  makeup subsys t em t o  m a i n t a i n  t h e  p r o p e r  water c h e m i s t r y ,  
w h i l e  i m p o r t a n t ,  is n o t  c r i t i c a l  t o  p l a n t  o p e r a t i o n  i n  r e s p o n s e  t o  a t r a n -  
s i e n t .  F a i l u r e  t o  remove boron from t h e  R C S  would r e s u l t  i n  a small 
decrease i n  r e a c t o r  power l e v e l  w i t h  time. 

4 .2 .1 .8  R e a c t o r  R e g u l a t i n g  System. The r e a c t o r  r e g u l a t i n g  system ( R R S )  
i n t e r f a c e s  w i t h  t h e  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  s y s t e m  t o  p r o v i d e  
c o n t r o l  o f  t h e  p r e s s u r i z e r  water l e v e l .  The R R S  a l so  i n t e r f a c e s  w i t h  t he  
a t m o s p h e r i c  steam dump and t u r b i n e  bypass  sys t em t o  p r o v i d e  a d e q u a t e  and 
c o n t r o l l e d  c o r e  heat removal  i n  t h e  e v e n t  o f  a t u r b i n e  t r i p .  The 
p o t e n t i a l  impact o f  t h i s  sys t em on t h e  R C S  is t h e  basis  f o r  i ts s e l e c t i o n  
f o r  component - leve l  FMEA. 

The RSS d e t e r m i n e s  t h e  p r e s s u r i z e r  l e v e l  t o  be m a i n t a i n e d  by t h e  
p r e s s u r i z e r  l e v e l  r e g u l a t i n g  sys tem.  I t  a l s o  a d j u s t s  t h e  p o s i t i o n  of 
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t h e  a t m o s p h e r i c  steam dump and t u r b i n e  bypass  v a l v e s  i n  p r o p o r t i o n  t o  
the e n e r g y  s t o r e d  i n  t he  p r imary  c o o l a n t .  F o l l o w i n g  a t u r b i n e  t r i p ,  a 
s i g n a l  is t r a n s m i t t e d  by t h e  R R S  t o  t h e  steam dump and b y p a s s  c o n t r o l  
sys t em t o  open t h e  steam dump and t u r b i n e  bypass  v a l v e s .  F a i l u r e  o f  t h e  
R R S  t o  p o s i t i o n  t he  v a l v e s  s u f f i c i e n t l y  open t o  remove t h e  e n e r g y  i n  t h e  
RCS c o u l d  c a u s e  s a f e t y  v a l v e s  t o  l i f t .  F u r t h e r  d i s c u s s i o n  o f  t h e  
i n t e r f a c e  between the  R R S  and the  a t m o s p h e r i c  steam dump and t u r b i n e  
bypass  s y s t e m  can  be found i n  Sect.  4.2.1.13. 

4 .2 .1 .9  Steam G e n e r a t o r  Blowdown and Recovery System. The S G  blowdown 
and r e c o v e r y  s y s t e m  s u p p o r t s  t h e  main steam sys t em by m a i n t a i n i n g  t h e  
S G  water chemistry and  t h e  s e c o n d a r y  water i n v e n t o r y .  Secondary  water 
l e a v e s  t h e  S G  v i a  t h e  bot tom blowdown l i n e  and f l o w s  t o  t h e  blowdown 
t a n k ,  which is l o c a t e d  o u t s i d e  t h e  c o n t a i n m e n t  b u i l d i n g .  A blowdown 
t h r o t t l e  v a l v e  c o n t r o l s  the f l o w  t o  t h e  blowdown t a n k  a t  150 gpm. 

After i t  is c o o l e d  and p u r i f i e d ,  blowdown water is r e t u r n e d  t o  t h e  p l a n t  
c o n d e n s a t e  s y s t e m .  (Normal p r e s s u r e  i n  t h e  blowdown t a n k  is s u f f i c i e n t  
t o  f o r c e  the  f l o w  t o  t h e  c o n d e n s a t e  s y s t e m . )  Dur ing  normal  o p e r a t i o n ,  
t h e  c o o l e d  and p u r i f i e d  water is r e t u r n e d  t o  t he  main c o n d e n s e r s .  I f  a 
h igh  r a d i a t i o n  l e v e l  is detected i n  the  blowdown, t h e  r e t u r n  water is 
d i v e r t e d  t o  t h e  m i s c e l l a n e o u s  waste p r o c e s s i n g  s y s t e m  t o  p r e v e n t  release 
o f  r a d i o a c t i v e  l i q u i d  t o  s e c o n d a r y  s y s t e m s  and t o  t h e  env i ronmen t .  

I n  t h e  l o n g  term, f a i l u r e  of t h e  SG blowdown and r e c o v e r y  s y s t e m  t o  
m a i n t a i n  t h e  water chemistry c o u l d  r e s u l t  i n  S G  t u b e  f a i l u r e s  due  t o  
c o r r o s i o n  ( a  small L O C A ) .  However, because S G  water c h e m i s t r y  is 
c o n t r o l l e d  by  t e c h n i c a l  s p e c i f i c a t i o n ,  blowdown f a i l u r e  is n o t  e x p e c t e d  
t o  lead d i r e c t l y  t o  a t u b e  r u p t u r e .  

F a i l u r e  o f  t he  blowdown sys t em t o  i s o l a t e  o r  m a i n t a i n  i s o l a t i o n  c o u l d  
lead t o  a c o n t i n u o u s  d i v e r s i o n  of FW o r  steam. However, t h e  2-in.-diam 
water blowdown n o z z l e  and t h e  1-in.-diam s u r f a c e  blowdown n o z z l e  are 
s u f f i c i e n t l y  small r e l a t i v e  t o  t h e  FW flow i n l e t  t o  s i g n i f i c a n t l y  l i m i t  
t he  e f fec ts  on R C S  t e m p e r a t u r e .  The SG blowdown s y s t e m  was n o t  selected 
f o r  a componen t - l eve l  FMEA. 

4.2.1.10 R e a c t o r  C o o l a n t  System. The f u n c t i o n  o f  t h e  R C S  is t o  
t r a n s f e r  heat from the  r e a c t o r  c o r e  t o  t h e  SGs. The R C S  c o n s i s t s  o f  two 
heat t r a n s f e r  l o o p s  connec ted  i n  para l le l  a c r o s s  t h e  r e a c t o r  v e s s e l .  
Each l o o p  i n c l u d e s  a SG, two R C  pumps, and t h e  p r i m a r y  sys t em p i p i n g .  A 
p r e s s u r i z e r  c o n n e c t e d  t o  one  o f  t h e  l o o p  h o t  legs  m a i n t a i n s  RCS 
pressure, 

Two t y p e s  o f  R C S  f a i l u r e  were found  t o  lead t o  a small LOCA: release o f  
RC due  t o  RC pump s h a f t  seal  f a i l u r e ,  and  f a i l u r e  t o  close or i s o l a t e  
t h e  p i l o t - o p e r a t e d  re l ie f  v a l v e s  ( P O R V s )  mounted on t he  p r e s s u r i z e r .  
The R C S  i n t e r f a c e s  e i ther  d i r e c t l y  o r  i n d i r e c t l y  w i t h  a l l  other s y s t e m s  
selected f o r  componen t - l eve l  FMEAs, and  its r e s p o n s e  t o  c o n t r o l  s y s t e m  
f a i l u r e s  is the  basis f o r  c o n t r o l  sys t em a n a l y s i s  i n  t h i s  r e p o r t ,  
i n c l u d i n g  those s u p p o r t  s y s t e m  f a i l u r e  modes induced  by R C S  
i n s t r u m e n t a t i o n .  
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S p e c i f i c  component f a i l u r e s  c o n t r i b u t i n g  t o  t h e s e  f a i l u r e  modes w i l l  be 
addressed i n  t h e  component - leve l  FMEA. 

4.2.1.11 Condensa te  and  Feedwater  System. The c o n d e n s a t e  and FW sys t em 
t r a n s f e r s  c o n d e n s a t e  from t h e  condenser  h o t w e l l  t o  t h e  SG. I n  
c o n j u n c t i o n  w i t h  t h e  SG blowdown and  r e c o v e r y  s y s t e m ,  i t  m a i n t a i n s  t h e  
r e q u i r e d  chemica l  c h a r a c t e r i s t i c s  of t h e  s e c o n d a r y  water. T h i s  sys t em 
i n t e r f a c e s  d i r e c t l y  w i t h  t h e  main steam sys t em a t  t h e  SG and  w i t h  t h e  
t u r b i n e  g e n e r a t o r  condense r  sys t em a t  t h e  condense r .  

The p r i n c i p a l  f a i l u r e  mode o f  i n t e r e s t  i n  t h e  c o n d e n s a t e  and FW sys t em 
is t h e  e x c e s s i v e  a d d i t i o n  of FW t o  t h e  SGs,  which c o u l d  a l s o  r e s u l t  i n  
SG o v e r f i l l .  The p r imary  component f a i l u r e  r e s u l t i n g  i n  o v e r c o o l i n g  is 
f a i l u r e  o f  t h e  MFW c o n t r o l  v a l v e s .  The f a i l u r e  mechanisms f o r  t h e  FW 
c o n t r o l  v a l v e s  as well as  o t h e r  component f a i l u r e s  t h a t  c o u l d  l e a d  t o  
o v e r c o o l i n g  a re  i d e n t i f i e d  i n  t h e  component - leve l  FMEA ( S e c t .  4 .2 .2) .  

An u n d e r c o o l i n g  f a i l u r e  mode of t h e  c o n d e n s a t e  and  FW sys t em is f a i l u r e  
t o  s u p p l y  s u f f i c i e n t  FW t o  t h e  SGs. R C S  u n d e r c o o l i n g  may be caused  by 
MFW sys t em f a i l u r e  i n  c o n j u n c t i o n  w i t h  a n  AFW sys t em f a i l u r e .  The 
c o n t r i b u t i n g  component f a i l u r e s  and t h e i r  c a u s e s  w i l l  be  a d d r e s s e d  i n  
t h e  component - leve l  FMEA. 

The c o n d e n s a t e  and FW sys t em i n t e r f a c e s  i n d i r e c t l y  w i t h  t h e  FW 
r e g u l a t i n g  s y s t e m  and  w i t h  t h e  steam dump and t u r b i n e  bypass  s y s t e m ,  
which was d i s c u s s e d  w i t h  t h e  main steam sys t em (Sect. 4 .2 .1 .6 ) .  The 
e x t e n t  o f  FW r e g u l a t i n g  s y s t e m ' s  i n t e r f a c e  w i t h  t h e  c o n d e n s a t e  and FW 
sys t em is d i s c u s s e d  below. 

4.2.1.12 Feedwater  R e g u l a t i n g  System. The FW r e g u l a t i n g  s y s t e m  
m a i n t a i n s  t h e  SG downcomer l e v e l  w i t h i n  a c c e p t a b l e  limits by p o s i t i o n i n g  
t h e  FW r e g u l a t i n g  v a l v e s .  I n  t h e  e v e n t  of  a r e a c t o r  or t u r b i n e  t r i p ,  FW 
is ramped down t o  5% o f  f u l l  flow. T h i s  is accompl i shed  by c l o s i n g  t h e  
MFW r e g u l a t i n g  v a l v e s  and o p e n i n g  t h e  FW bypass  v a l v e s  t o  m a i n t a i n  decay  
heat  removal  v i a  t h e  SGs. 

F a i l u r e  of t h e  FW r e g u l a t i n g  s y s t e m  t o  p r o v i d e  s u f f i c i e n t  FW t o  t h e  S G  
can  c o n t r i b u t e  t o  R C S  u n d e r c o o l i n g ,  and  f a i l u r e s  t h a t  c a u s e  e x c e s s i v e  FW 
f l o w  t o  t h e  SGs,  may r e s u l t  i n  SG o v e r f i l l .  

The s i g n i f i c a n t  p o t e n t i a l  of t h i s  sys t em t o  produce  RCS o v e r f i l l  or 
u n d e r c o o l i n g  is t h e  basis  f o r  its i n c l u s i o n  i n  t h e  component - leve l  FMEA 
( d e s c r i b e d  i n  S e c t .  4 .2 .2 ) .  

4 .2 .1 .13 Steam Dump and T u r b i n e  Bypass  C o n t r o l  System. The steam dump 
and t u r b i n e  bypass  c o n t r o l  sys t em p r o v i d e s  a u t o m a t i c  c o n t r o l  of  t h e  
a t m o s p h e r i c  steam dump and t u r b i n e  bypass  v a l v e s  d u r i n g  b o t h  normal  and 
emergency o p e r a t i o n .  When t h e  main t u r b i n e  t r i p s  a t  a reactor power 
l e v e l  between 8 and  63%, t h e  reactor  r e g u l a t i n g  s y s t e m  p r o p o r t i o n a l l y  
c o n t r o l s  t h e  p o s i t i o n  of  t h e  steam dump and t u r b i n e  bypass  v a l v e s .  When 
t h e  main t u r b i n e  t r i p s  a t  r e a c t o r  power above  63%,  t h e  reactor 
r e g u l a t i n g  s y s t e m  s u p p l i e s  a quick-opening  s i g n a l  t o  t h e  v a l v e s .  Also, 
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t he  steam dump and  t u r b i n e  bypass  c o n t r o l  s y s t e m s  opens  t h e  steam dump 
and t u r b i n e  bypass  v a l v e s  when t h e  main steam p r e s s u r e  exceeds 895  p s i a  
w i t h o u t  t u r b i n e  t r i p .  

F a i l u r e  o f  t h e  c o n t r o l  sys t em t o  open t h e  v a l v e s  would i n c r e a s e  main 
steam p r e s s u r e .  However, t h e  code  s a f e t y  v a l v e s  are d e s i g n e d  t o  open  on 
h i g h  p r e s s u r e ,  t h u s  l i m i t i n g  t h e  impact of a steam dump and t u r b i n e  
bypass  c o n t r o l  sys t em f a i l u r e .  

F a i l u r e  o f  t h e  c o n t r o l  s y s t e m  t o  c l o s e  t h e  v a l v e s ,  once  opened ,  c o u l d  
c o n t r i b u t e  t o  a SG blowdown and s u b s e q u e n t  RCS o v e r c o o l i n g  e v e n t .  The 
impact o f  s u c h  f a i l u r e s  is t h e  bas i s  f o r  i n c l u s i o n  o f  t h i s  s y s t e m  i n  t h e  
component - leve l  FMEA. 

4.2.1.14 T u r b i n e  G e n e r a t o r  C o n t r o l  System. The e l e c t r o h y d r a u l i c  ( E / H )  
t u r b i n e  g e n e r a t o r  c o n t r o l  s y s t e m  is d e s i g n e d  t o  c o n t r o l  steam f l o w  t o  
t h e  t u r b i n e  by o p e r a t i n g  t h e  main s t o p ,  c o n t r o l ,  and  combined 
i n t e r m e d i a t e  v a l v e s .  

F a i l u r e s  of t h e  t u r b i n e  g e n e r a t o r  c o n t r o l  sys t em r e s u l t i n g  i n  e x c e s s  
steam f l o w  t o  t h e  t u r b i n e  w i l l  r e s u l t  i n  t u r b i n e  t r i p  due  t o  a n  o v e r -  
s p e e d  s i g n a l .  F a i l u r e  o f  t h e  c o n t r o l  s y s t e m  t o  p a s s  s u f f i c i e n t  steam t o  
t h e  t u r b i n e  r e su l t s  i n  less t h a n  optimum t u r b i n e  o p e r a t i o n  and e v e n t u a l  
t u r b i n e  t r i p .  

T u r b i n e  t r i p  r e s u l t s  f rom numerous c o n t r o l  sys t em s i g n a l s  and f a i l u r e s .  
T u r b i n e  t r i p  t e r m i n a t e s  t r a n s i e n t s  caused by t u r b i n e  g e n e r a t o r  c o n t r o l  
s y s t e m  f a i l u r e s  as wel l  as t r a n s i e n t s  r e s u l t i n g  from o t h e r  c o n t r o l  
sys t em f a i l u r e s .  On t h i s  basis ,  the  t u r b i n e  g e n e r a t o r  c o n t r o l  s y s t e m  
was n o t  se lected f o r  a component - leve l  FMEA a t  t h i s  time. 

4 .2 .1 .15  R e a c t o r  Coo lan t  P r e s s u r e  R e g u l a t i n g  System. The R C  p r e s s u r e  
r e g u l a t i n g  s y s t e m  m a i n t a i n s  R C S  p r e s s u r e  w i t h i n  s p e c i f i e d  limits t h r o u g h  
t h e  u s e  o f  p r e s s u r i z e r  heaters and s p r a y  v a l v e s .  High p r e s s u r i z e r  
p r e s s u r e  c a u s e s  t h e  p r e s s u r i z e r  s p r a y  v a l v e s  t o  open ,  t h e r e b y  r e d u c i n g  
p r e s s u r e .  On low p r e s s u r e ,  t h e  heaters are e n e r g i z e d  t o  i n c r e a s e  s y s t e m  
p r e s s u r e .  

F a i l u r e s  r e s u l t i n g  i n  e n e r g i z i n g  t h e  heaters and t e r m i n a t i n g  t h e  s p r a y  
would c a u s e  a h igh  p r e s s u r e  ( -2400 p s i a ) ,  r e s u l t i n g  i n  r e a c t o r  t r i p .  
The h i g h - p r e s s u r e  reactor t r i p  opens  b o t h  P O R V s .  I n  a d d i t i o n ,  t h e  code  
s a f e t y  v a l v e s  are d e s i g n e d  t o  open a t  2500 and 2565 p s i a ,  r e s p e c t i v e l y ,  
t o  l i m i t  RCS p r e s s u r e .  The release o f  R C  due t o  f a i l u r e  o f  t he  PORV o r  
s a f e t y  v a l v e s  t o  c l o s e  is s p e c i f i c a l l y  addressed i n  t h e  R C S  FMEA. 

F a i l u r e  o f  t h e  R C  p r e s s u r e  r e g u l a t i n g  s y s t e m  t o  c l o s e  t h e  s p r a y  v a l v e s  
c o u l d  r e s u l t  i n  slow R C S  d e p r e s s u r i z a t i o n .  T h i s  d e p r e s s u r i z a t i o n ,  w h i l e  
i t  may r e s u l t  i n  r e a c t o r  t r i p ,  is n o t  c o n s i d e r e d  s i g n i f i c a n t .  

The p o t e n t i a l  impact  o f  R C  p r e s s u r e  r e g u l a t i n g  sys t em f a i l u r e s  on PORV 
f a i l u r e  t o  c l o s e  is t h e  basis  f o r  i ts s e l e c t i o n  f o r  acomponen t - l eve l  
FMEA. 
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4.2.1.16 Pressurizer Leve l  R e g u l a t i n g  System. The o p e r a t i n g  l e v e l  of 
t h e  p r e s s u r i z e r  is programmed as a f u n c t i o n  of power t o  accommodate 
p l a n t  load changes  and minimize  RCS volume changes .  The s e t  p o i n t  i s  
g e n e r a t e d  by t h e  reactor r e g u l a t i n g  s y s t e m  based  on  RC a v e r a g e  
t e m p e r a t u r e s .  The p r e s s u r i z e r  l e v e l  r e g u l a t i n g  s y s t e m  r e g u l a t e s  t he  
le tdown c o n t r o l  v a l v e s  and t h e  c h a r g i n g  pumps i n  t h e  CVCS. C o n t r o l  is 
based  on  a compar ison  between t h e  measured l e v e l  and t h e  programmed 
l e v e l .  

F a i l u r e s  o f  t h e  l e v e l  r e g u l a t i n g  s y s t e m  can  r e s u l t  i n  a n e t  i n c r e a s e  or 
decrease i n  R C S  i n v e n t o r y  ( p r e s s u r i z e r  l e v e l ) .  I n c r e a s e s  c o u l d  lead  t o  
l i q u i d  d i s c h a r g e  t h r o u g h  t h e  PORVs a n d / o r  s a f e t y  v a l v e s ,  p o s s i b l y  
r e s u l t i n g  i n  v a l v e  damage, whereas  decreases i n  l e v e l  c o u l d  r e s u l t  i n  
t h e  p r e s s u r i z e r  d r a i n i n g  f o l l o w i n g  reactor t r i p  and  p o s s i b l y  s a t u r a t i n g  
t h e  RC ( b o i l i n g  i n  t h e  core r e g i o n ) .  The p o t e n t i a l  impact  of 
p r e s s u r i z e r  l e v e l  r e g u l a t i n g  sys t em f a i l u r e s  on t h e  RCS i n v e n t o r y  was 
t h e  basis  f o r  i t s  s e l e c t i o n  fo r  f u r t h e r  a n a l y s i s .  

4 .2 .1 .17 T u r b i n e  Genera to r  and Condenser  System. The t u r b i n e  g e n e r a t o r  
is d e s i g n e d  t o  c o n v e r t  steam from t h e  SGs t o  e l ec t r i ca l  ene rgy .  The 
condense r  condenses  t h e  low-pres su re  steam from t h e  o u t l e t  o f  t h e  low- 
p r e s s u r e  t u r b i n e s  and deaerates t h e  r e s u l t i n g  c o n d e n s a t e .  

F a i l u r e  o f  t h e  main t u r b i n e s  t o  t r i p  f o l l o w i n g  r e a c t o r  t r i p  would r e s u l t  
i n  c o n t i n u e d  steam f low t h r o u g h  t h e  t u r b i n e  and d e p r e s s u r i z a t i o n  of t h e  
t u r b i n e  h e a d e r ,  w i t h  p o s s i b l e  RCS o v e r c o o l i n g .  However, no  f a i l u r e  o f  a 
s i n g l e  component has been  found t h a t  would r e s u l t  i n  c o n t i n u e d  blowdown. 
T y p i c a l l y ,  f a i l u r e s  o f  s i n g l e  i n p u t s  may f a i l  ( e . g . ,  t h a t  from reactor 
t r i p ) .  However, a n g l e  backup e x i s t s  i n  t r i p s  on  o t h e r  p a r a m e t e r s  
( e . g . ,  t u r b i n e  s p e e d )  whose set  p o i n t s  would be  exceeded  f o l l o w i n g  a 
reactor t r i p .  A d e l a y  i n  t u r b i n e  t r i p  r e s u l t i n g  from p o s t u l a t e d  
f a i l u r e s ,  a l t h o u g h  such  d e l a y s  are  b e l i e v e d  t o  be  c o n s t r a i n e d  t o  
r e l a t i v e l y  br ief  i n t e r v a l s ,  would r e q u i r e  d e t a i l e d  t h e r m a l - h y d r a u l i c  
a n a l y s i s  t o  e v a l u a t e  i ts  e f f e c t s .  For t h i s  r e a s o n ,  t h e  bounding  
comple t e  t r i p  f a i l u r e  was assumed i n  t h e  s e q u e n c e  a n a l y s i s  (Sect. 4 .3) .  
S i n c e  t h e  s e q u e n c e  a n a l y s i s  showed t h e  consequences  of t h i s  bounding  
f a i l u r e  t o  be m i t i g a t e d  by s a f e t y  s y s t e m  r e s p o n s e ,  computer  a n a l y s i s  was 
n o t  u n d e r t a k e n .  

F a i l u r e  o f  t h e  condense r  t o  condense  steam from the  l o w - p r e s s u r e  
t u r b i n e s  or t h e  t u r b i n e  bypass  v a l v e s  would r e s u l t  i n  t u r b i n e  t r i p ,  
c l o s u r e  o f  t h e  bypass  v a l v e s ,  and t r i p  o f  t h e  MFW pumps. The 
consequences  o f  t h i s  f a i l u r e  are  s u b s t a n t i a l l y  bounded by t h e  t r a n s i e n t  
r e s u l t i n g  f rom l o s s  of  nonemergency ac power. 

Based on  t h e  above ,  component - leve l  FMEAs were n o t  per formed on  t h e  
t u r b i n e  g e n e r a t o r  and condense r  sys t ems .  However, t h e  i d e n t i f i e d  
bounding  f a i l u r e s  are  c o n s i d e r e d  i n  t h e  sequence  a n a l y s i s .  

4 .2 .1 .18 N i t r o g e n  Gas System. The n i t r o g e n  g a s  s y s t e m  p r e s s u r i z e s  the  
SI  t a n k s  t o  200 p s i g  p r i o r  t o  s t a r t u p .  Al though t h e  SI  t a n k s  are 
i m p o r t a n t  components i n  t h e  l o w - p r e s s u r e  S I  s y s t e m ,  t h e  s y s t e m  does n o t  
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depend on the nitrogen gas system during operation. Therefore, the 
nitrogen gas system was not selected for a component-level FMEA because 
its failure during plant operation would not affect the LPSI function. 

4.2.1.19 Electric Heat Tracing System. Electric heat tracing is 
installed on all piping, valves, and pumps that contain concentrated 
boric acid. It is designed to maintain the components at 160°F, which 
is 25OF above the temperature at which a 12% boric acid solution begins 
to precipitate. Failure of the heat tracing system may cause 
precipitation of boric acid from the solution, depending on the 
concentration. Potential effects on the plant include (1 )  clogged 
system components and (2) failure to inject concentrated boric acid 
solution. 

Even assuming that failure of the heat tracing would lead to isolation 
of all high-concentration boric acid sources, the capability of 
injecting lower concentration, higher capacity flow from the RWT would 
remain. This would maintain both core heat transfer (RCS inventory 
control) and the capability, in conjunction with the control elements, 
of achieving and maintaining a subcritical cold shutdown. 

The electric heat tracing system's minimal impact on the RCS is the 
basis for its exclusion from the component-level FMEA. 

4.2.1.20 Plant Ventilation Systems. Three major plant ventilating 
systems--containment, auxiliary building, and turbine building--have 
been selected for analysis based on their interfaces with the RCS or key 
support systems. These systems maintain an acceptable ambient operating 
environment for plant equipment and personnel, Failure of the 
ventilating systems could lead to severe operating environments and, 
potentially, to common-cause equipment failure. 

Although consequential failure of fluid system equipment and/or instru- 
mentation is possible due to ventilation system failure, the cause-effect 
relationships are difficult to assess. Typically, long periods of time 
elapse between ventilation failure and consequent equipment failure. 
This period, which may be hours or days, will depend on local equipment 
heat generation rates, natural convection flow patterns, equipment capa- 
bilities, and the responses of plant staff in this time period. In 
general, the effects of ventilation system failure on RCS overcooling or 
undercooling, SG overfill, or safety system operation cannot be assessed 
using FMEA techniques. 

4.2.2 Component-Level FMEA 

4.2.2.1 FMEA of the Reactor Coolant System. The RCS has been analyzed 
in detail to identify failures significant to undercooling and 
overcooling transients and to the operability of plant safety systems. 

For this analysis, the RCS was considered to consist of the reactor 
vessel, the RC pumps, the pressurizer (including the PORVs and the code 
safety valves), and the quench tank. (A more detailed description of the 
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RCS as i t  r e l a t e s  t o  t h i s  a n a l y s i s  is p r o v i d e d  i n  Appendix B . )  
I n t e r f a c i n g  r e g u l a t i n g  s y s t e m s  s u c h  as  p r e s s u r i z e r  l e v e l ,  p r e s s u r i z e r  
p r e s s u r e ,  and  r e a c t o r  r e g u l a t i n g  s y s t e m s  were n o t  s p e c i f i c a l l y  addressed 
i n  t h i s  FMEA e x c e p t  when t h e i r  f a i l u r e  c o u l d  be i d e n t i f i e d  as a c a u s e  of  
a n  RCS component f a i l u r e .  FMEAs of  t h e s e  s y s t e m s  have  been per formed 
s e p a r a t e l y .  

Twenty-nine R C S  f a i l u r e s  were p o s t u l a t e d  and  t h e i r  e f fec ts  i d e n t i f i e d .  
The i m p o r t a n t  o n e s  i n c l u d e  f a i l u r e s  t h a t  may r e s u l t  i n  LOCAs o r  c o n t r i -  
b u t e  t o  i n a d e q u a t e  core c o o l i n g  f o l l o w i n g  a p o s t u l a t e d  LOCA. The more 
s i g n i f i c a n t  f a i l u r e s  are d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n  and summa- 
r i z e d  i n  Table 4.2. The d e t a i l e d  FMEA is p r o v i d e d  i n  Appendix C. 

4 .2 .2 .1 .1  S i g n i f i c a n t  r e s u l t s .  The RCS FMEA i d e n t i f i e d  f a i l u r e s  
t h a t  c o u l d  p o t e n t i a l l y  r e s u l t  i n  t h e  f o l l o w i n g  s i g n i f i c a n t  e f f e c t s :  
( 1 )  u n i s o l a b l e  L O C A s ,  ( 2 )  i so l ab le  L O C A s ,  and  ( 3 )  i n a d e q u a t e  c o r e  
c o o l i n g  f o l l o w i n g  a LOCA. 

1 .  An u n i s o l a b l e  LOCA w i l l  o c c u r  i f  an  R C  pump g r o s s  s ea l  f a i l u r e  
o c c u r s ,  o r  i f  t h e  p r e s s u r i z e r  h e a t e r s  f a i l  on and r e s u l t  i n  damage 
t o  t h e  p r e s s u r i z e r  p r e s s u r e  boundary.  With l o s s  o f  CCW, which can  
be caused  by a c o n t r o l  s i g n a l  or power f a u l t  as well as by o p e r a t o r  
e r r o r ,  a LOCA from a f a i l e d  R C  pump s e a l  can  r e s u l t  i f  t h e  R C  pump 
is  n o t  t r i p p e d .  An RC pump seal f a i l u r e  may r e s u l t  f rom o t h e r  
f a i l u r e s  i n t e r n a l  t o  t h e  R C  pumps, i n c l u d i n g  sea l  component damage 
from d e b r i s  or wear, o r  i n t e g r a l  i m p e l l e r  damage. 

2. I s o l a b l e  L O C A s  i n c l u d e  t h o s e  f a i l u r e s  t h a t  can  r e s u l t  i n  t h e  P O R V s  
opening .  These  t y p i c a l l y  can  be i s o l a t e d  w i t h  t h e  moto r -ope ra t ed  
P O R V  i s o l a t i o n  v a l v e s .  The power s u p p l y  f o r  a g i v e n  PORV i s o l a t i o n  
v a l v e  is s e p a r a t e  f rom t h e  power s u p p l y  for its associated PORV,  
which p r o v i d e s  improved i s o l a t i o n  r e l i a b i l i t y .  F a i l u r e s  t h a t  can  
lead t o  t h e  PORVs l i f t i n g  i n c l u d e  those t h a t  b l o c k  p r e s s u r i z e r  
s p r a y ,  and  t h u s  n e c e s s i t a t e  p r e s s u r e  r e l i e f ,  p a r t i c u l a r l y  d u r i n g  a 
power i n c r e a s e ,  and t h o s e  t h a t  d i r e c t l y  r e s u l t  i n  t h e  v a l v e s  o p e n i n g  
i n a d v e r t e n t l y .  The P O R V s  can  f a i l  open i n a d v e r t e n t l y  due t o  a 
c o n t r o l  s i g n a l  f a i l u r e ,  a n  o p e r a t o r  e r r o r ,  or  f a i l u r e  t o  c l o s e  a f t e r  
a demand t o  open.  Normal ly ,  t h e  P O R V s  are demanded t o  open  on  h i g h  
p r e s s u r i z e r  p r e s s u r e  on t h e  R C S  c h a n n e l s ,  which s i m u l t a n e o u s l y  
i n i t i a t e s  a reactor t r i p .  If a PORV opens ,  t h e  o p e r a t o r  s h o u l d  
immedia t e ly  t r i p  t h e  reactor i f  i t  has n o t  a l r e a d y  t r i p p e d .  

I so l ab le  L O C A s  a l s o  may o c c u r  f o l l o w i n g  t r a n s i e n t s  i n v o l v i n g  
p r e s s u r i z e r  o v e r f i l l  and  t h e  s u b s e q u e n t  d i s c h a r g e  of s a t u r a t e d  water 
t h r o u g h  t h e  P O R V s .  The l i q u i d  d i s c h a r g e  i n c r e a s e s  t h e  l i k e l i h o o d  of 
t h e  PORVs  f a i l i n g  t o  c lose on demand. If a r i s i n g  l e v e l  t r a n s i e n t  
is o c c u r r i n g  i n  t h e  p r e s s u r i z e r  and t h e  h e a t e r s  f a i l  t o  e n e r g i z e ,  
p r e s s u r i z e r  o v e r f i l l  is e x p e c t e d  t o  o c c u r .  A p r e s s u r i z e r  l e v e l  
t r a n s m i t t e r  f a i l i n g  low w i l l  c a u s e  b o t h  a r i s i n g  l e v e l  t r a n s i e n t  and 
no demand fo r  t h e  heaters.  Othe r  i ndependen t  f a i l u r e s  can  a l so  
c a u s e  n e t  g a i n s  i n  RCS i n v e n t o r y  or a r i s i n g  l e v e l  t r a n s i e n t  (see 
CVCS FMEA b e l o w ) ,  which may o c c u r  s i m u l t a n e o u s l y  w i t h  p r e s s u r i z e r  



Table 4.2. Reactor coolan t  system FMEA summar.y -- -I-- -_I ----- _----___--- 
Posa ib l e  Causes EPfec ts Remedial Act ions  F a i l  ure/Componen t 
--- _l__l---- -_I_--- 

1. SO Tubes Rupture 1. Adveree RCS or SU 
Water Chemistry 

2. Tube Vib ra t ion  

2. Reactor Coolant 1. Loss of Control Power 
Pump(8) F a i l  t o  
T r i p  on Demand 2. Operator Error 

3. Fau l ty  T r i p  Relays  

Reactor c o o l a n t  ( R C )  l e a k a  Follow SG t ube  r u p t u r e  
t o  secondary  s i d e  of t h e  SG, 
and t o  t h e  environment at- 
mospher ic  dump v i s  SC S a f e t y  
or va lves .  Depressur iza-  
t i o n  of t h e  RCS would be 
similar t o  a LOCA of equiva- 
l e n t  s ize .  

emergency procedures .  

The o p e r a t o r  is r e q u i r e d  to  Attempt t o  manually t r i p  pump 
t r i p  t h e  RCP's i n  the e v e n t  
of a LOCA. If t h e  o p e r a t o r  
f a i l s  t o  t r i p  them, more RCS 
i n v e n t o r y  w i l l  be released 
through the h o t  leg breaks .  
The i n c r e a s e d  rate of 
c o o l a n t  l o s s  may be impor- 
t a n t  t o  r ecove ry  from LOCA'S 
depending  on t h e  break size.  
Iuso, conta inment  i a o l a t i o n  
isolates  CCW t o  t h e  RCPs and 
a n  RCP seal  f a i l u r e  may 
r e s u l t  i f  the pumps c o n t i n u e  
t o  o p e r a t e .  Containment 
i s o l a t i o n  is i n i t i a t e d  o n  
h i g h  conta inment  p r e s s u r e  
(2/4 t r a n s m i t t e r s ) .  The 
effect  of t h i s  a d d i t i o n a l  
loss  of coolant is expec ted  
t o  depend on break  Size. 

b reake r s .  



Table 4.2 (continued) 
--- -- 

Failure/Component Poss ib l e  Causes Effects Remedial Act ions  
---- - - --c- 

3.  

4. 

RCP Sea l  F a i l u r e  1. 

2. 

3. 

4. 

P r e s s u r i z e r  Backup 1. 
Heaters  P a l l  to  
Tr ip  on Demand or 
Inadve r t en t ly  
Energize 

2. 

3. 

Loss of ccw 

Sea l  Component Damage 
from Debris i n  System 
or from Year 

I n t e g r a l  Impeller 
Damage ( a u x i l i a r y  
impe l l e r  for seal 
water i n t a k e  or seal 
water r e c i r c u l a t i n g  
impeller) 

Sea l  Area Recircula-  
t i n g  Pump F a i l s  ( t o  
d e l i v e r  water to t h e  
i n t e g r a l  h e a t  
exchanger) 

Control S igna l  
F a i l u r e  ( l e v e l  
t r ansmi t t e r  f a i l s  
high,  preasure  
t ransmi t  t a r  f a i l  s 
low, etc.) 

Control  Handswitches 
Left i n  .ON. 
Posi t i o n  

Loss of Control  Power 

Seal f a i l u r e  LOCA. T r i p  reactor and RCPs. Fol lou  
emergency procedures  f o r  LOCA. 

High p r e s s u r e  r e s u l t s  i n  t h e  
p r e s s u r i z e r .  If sp ray  is "OFF" p o s i t i o n  w i t h  handswitch 
ac tua ted ,  n e t  effect w i l l  be 
n e g l i g i b l e .  If pres su re  v ious ly  "ON.. Manually o p e r a t e  
t r a n s m i t t e r  has  f a i l e d  l a w ,  
s p r a y  w i l l  no t  operate. 
(Heaters can still t r i p  i f  
10-10 l e v e l  develops i n  
p r e s s u r i z e r .  Resul t ing  
high p r e s s u r e  would normally 
open POfiVs and t r i p  reactor. 
If r e a c t o r  t r i p s  and pressu-  
r i z e r  empties ,  possible 

Attempt to swi tch  h e a t e r s  t o  

or restore to  .AUTO" i f  pre- 

p r e s s u r i z e r  spray  as requi red .  
Hanually open b reake r s  i f  
requi red .  



Table 4.2 (continued) 

F a i l  ure/Componen t P o s s i b l e  Causes E l  f ec ts Re1~18dlal Aotions 

5. PORV(8)  F a i l  t o  1. Contro l  C i r c u i t  
Open on Demand F a i l u r e  

2. Mechaaioal F a i l u r e  

3. Loss of E l e o t r i c  Power 
Supply 

4. Blook Valves Closed 
Due t o  Leaking PORVs 

6. PORV(s )  F a i l  Open 1. Contro l  S igna l  F a i l u r e  
or F a i l  to  Close 
on Demand 2. Mechanical F a i l u r e  of 

Valve 

damage t o  the p r e s a u r f z e r  
could  occur. If l e v e l  
t r ansmi  t ter  f a l l8  h igh ,  
p r e s s u r i z e r  w i l l  empty w i t h  
h e a t e r s  f a i l e d  on, which may 
i n i t i a t e  a f a i l u r e  of t h e  
p r e s s u r e  boundary (small 
LOCA) . 

Shutdown and r e p a i r  
component(e1. 

Code s a f e t y  v a l v e s  w i l l  
open on h igh  p r e s s u r e  i f  
t h e  PORVs fa i l .  However, 
d u r i n g  a LOCA, the  RCS can- 
n o t  be depres su r i zed  t o  pre- 
v e n t  PTS c o n d i t i o n s  as re- 
q u i r e d  by procedure.  I n  
add1 t i o n ,  t h e  PORV' 8 would 
be u n a v a i l a b l e  to  enhance 
post-LOCA RCS dep res su r i za -  
t ion and i n c r e a s e  t h e  n e t  
HPSI flawrate. 

A f a i l ed  open PORV is an Close PORY blook v a l v e s  t o  
i s o l a t a b l e  mall LOCA. t e r m i n a t e  loss of coolant .  

Follow a p p r o p r i a t e  emergency 
procedures  for a smal l  LOCA. 



heater failure. The heaters can be failed by loss of supply power, 
independent control signal failure, mechanical failure, or the 
control switch left in the "OFF" position. 

3. The last potentially significant effect identified in the RCS FMEA 
is failure to trip the RC pumps following a hot-leg LOCA (i.e., if 
they failed to trip on demand or the operator failed to institute 
RC pump trip early in the LOCA). Continued operation of the pumps 
during a LOCA would result in greater release of RC. If they later 
failed or were tripped, the collapse of voids in the coolant may 
leave the core uncovered. Also, as discussed earlier, failure to 
trip the RC pumps during a LOCA may lead to an RC pump seal failure 
because containment isolation would cut off CCW to the RC pumps. 
The net effect of increasing the rate of loss of RC is unknown. 
Failure to trip the RC pumps could be caused by a control power 
failure, faulty trip relays, or operator error. 

4.2.2.1.2 Other failures. Other failures identified in the RCS 
FMEA with notable effects are identified in Appendix C. The effects of 
these failures generally are not as pronounced or considered to be as 
significant to undercooling or overcooling transients as those already 
noted . 
4.2.2.2 FMEA of the Chemical and Volume Control System. The CVCS has 
been analyzed in detail to identify system failures that may affect 
undercooling and overcooling transients and the operability of plant 
safety systems. The analysis included postulating failures of a 
comprehensive list of important CVCS components and evaluating the 
impact of their failure on system performance. Also addressed were 
failure of control loop components and signal failure from the 
interfacing pressurizer level regulating system. 

A total of 83 possible failures were identified and considered. The 
potential effects from these failures resulted in 19 different effects 
at the system level (i.e., either at the CVCS system boundary or in 
systems other than the CVCS). These effects fall into six categories: 

1.  net loss in RCS inventory, 
2. net gain in RCS inventory, 
3 .  degradation of water quality in the RCS, 
4. dilution of RCS boron concentration (moderator dilution), 
5. degradation of SI-initiated charging capability, and 
6. other effects. 

The effects of most significance to undercooling and overcooling involve 
net losses and gains in RCS inventory, degradation of SI-initiated 
charging, and moderator dilution. The failure or degradation of boric 
acid injection capability on the safety injection/actuation system 
(SIAS) may be important to plant safety systems. In general, the 
degraded water quality effects were not considered important to 
undercooling and overcooling transients and the performance of plant 
safety systems, but they have been identified for completeness. 



F a i l u r e s  i n  t h e  CVCS g e n e r a l l y  produce  s low e f f ec t s  due t o  t h e  small 
c a p a c i t y  of t h e  s y s t e m ,  b u t  because t h e y  are  s low and g r a d u a l ,  t h e y  may 
be more l i k e l y  t o  go u n d e t e c t e d  and  c u l m i n a t e  i n  more s i g n i f i c a n t  
e f f ec t s .  

The more s i g n i f i c a n t  f a i l u r e s  are  d i s c u s s e d  here,  and a b r i e f  d i s c u s s i o n  
of o t h e r  n o t a b l e  f a i l u r e s  is p r o v i d e d  i n  t h e  n e x t  s e c t i o n .  The d e t a i l e d  
FMEA is c o n t a i n e d  i n  Appendix C.  

4 .2 .2 .2 .1  S i g n i f i c a n t  r e s u l t s .  The CVCS FMEA i d e n t i f i e d  f a i l u r e s  
t h a t  c o u l d  p o t e n t i a l l y  r e s u l t  i n  t h e  f o l l o w i n g  s i g n i f i c a n t  effects :  

1 .  n e t  loss  i n  R C S  i n v e n t o r y ,  
2. n e t  g a i n  i n  R C S  i n v e n t o r y ,  
3. modera to r  d i l u t i o n  ( u n d e r b o r a t e d  makeup),  and 
4. d e g r a d a t i o n  o f  s a f e t y  i n j e c t i o n  f l o w .  

1 .  Loss o f  c h a r g i n g  f l o w ,  excess l e tdown  f l o w ,  and  i n s t r u m e n t a t i o n  
re la ted  p r e s s u r i z e r  l e v e l  d r o p  c a u s e  n e t  l o s s e s  i n  R C S  i n v e n t o r y .  
I n  g e n e r a l ,  n e t  l o s s e s  i n  R C S  i n v e n t o r y  may be i m p o r t a n t  t o  
u n d e r c o o l i n g  t r a n s i e n t s .  

A loss o f  c h a r g i n g  f l o w  c a p a b i l i t y  i n v o l v e s  u n a v a i l a b i l i t y  of t h e  
c h a r g i n g  pumps o r  t h e  c h a r g i n g  pump discharge p a t h  t o  t h e  RCS.  The 
R C S  impact  o f  l o s s  o f  c h a r g i n g  flow is a d r o p  i n  t h e  p r e s s u r i z e r  
l e v e l ,  f o l l o w e d  by s u b s e q u e n t  runback  of t h e  CVCS l e tdown  c o n t r o l  
v a l v e s  t o  m a i n t a i n  R C S  i n v e n t o r y .  However, t h e  minimum le tdown  
c o n t r o l  v a l v e  s e t  p o i n t  is 29 gpm ( l e t d o w n  i s o l a t i o n  o c c u r s  
a u t o m a t i c a l l y  on SIAS o r  CVCS s i g n a l ) .  Therefore, a n e t  minimum R C S  
l o s s  of 29 gpm r e s u l t s  u n t i l  and u n l e s s  t h e  o p e r a t o r  i s o l a t e s  
l e tdown  f l o w .  T h i s  l o s s  r a t e  is n o t  c a t a s t r o p h i c ,  b u t  i f  it is 
u n d e t e c t e d  for an  e x t e n d e d  l e n g t h  of time, p a r t i c u l a r l y  a t  low power 
(when t h e  p r e s s u r i z e r  l e v e l  se t  p o i n t  is l o w e r ) ,  t h e  p r e s s u r i z e r  may 
empty .  Loss  o f  c h a r g i n g  f low c a n  r e s u l t  i f  t he  c h a r g i n g  pumps f a i l  
o r  i f  c h a r g i n g  pump s u c t i o n  f l o w  is l o s t .  

A l l  three c h a r g i n g  pumps c o u l d  be affected by l o s s  o f  seal  and 
p l u n g e r  f l u s h  water, which is s u p p l i e d  t o  t h e  pumps from a s i n g l e  
r e s e r v o i r  o f  d e m i n e r a l i z e d  water l o c a t e d  s e v e r a l  fee t  above  the  
pumps. Low r e s e r v o i r  l e v e l  is alarmed o n l y  l o c a l l y .  S u c t i o n  f low 
c a n  be f a i l e d  by t h e  f a i l u r e  o f  t h e  volume c o n t r o l  t a n k  ( V C T )  
l e v e l  t r a n s m i t t e r  (LT-226). T h i s  t r a n s m i t t e r  is a common-leg 
t r a n s m i t t e r  t o  three d i f f e r e n t  c o n t r o l l e r s .  I f  t h e  t r a n s m i t t e r  
f a i l s  h i g h ,  l e tdown  f l o w  i n t o  t h e  VCT is s t o p p e d  ( b y  t h e  f irst  
c o n t r o l l e r ) ,  and e v e n t u a l l y  t h e  VCT w i l l  empty. Normal makeup t o  
t h e  VCT ( i n i t i a t e d  by t h e  second  c o n t r o l l e r )  as well as  backup 
makeup from t h e  r e f u e l i n g  water s t o r a g e  t a n k  ( i n i t i a t e d  by t h e  t h i r d  
c o n t r o l l e r )  w i l l  f a i l ,  s i n c e  these are i n i t i a t e d  o n l y  on  low l e v e l  
s i g n a l s .  F a i l u r e  o f  t he  VCT o u t l e t  v a l v e  i n  t h e  c l o s e d  p o s i t i o n  
w i l l  a l s o  f a i l  t h e  c h a r g i n g  pump s u c t i o n  f low.  The VCT l e v e l  w i l l  
r i se ,  a n n u n c i a t i n g  a n  alarm, b u t  backup makeup f rom the  RWT w i l l  n o t  
open a u t o m a t i c a l l y  b e c a u s e  its s i g n a l  t o  open is low l e v e l .  The 
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e f f e c t  of these f a i l u r e s ,  loss  o f  c h a r g i n g  f l o w ,  would be overcome 
by a n  SIAS s i g n a l  i n  most cases. However, these f a i l u r e s  a l s o  
a f f e c t  pump o p e r a b i l i t y  and a re  c o n s i d e r e d  common-cause f a i l u r e  
c o n t r  i b u t  or s . 
Letdown f l o w  i n  e x c e s s  o f  t h e  r e p l a c e m e n t  c a p a b i l i t y  o f  the  c h a r g i n g  
pumps w i l l  r e su l t  i n  a n e t  l o s s  i n  RCS i n v e n t o r y .  The maximum 
le tdown f l o w  t h r o u g h  t h e  l e tdown  c o n t r o l  v a l v e  is 128 gpm (4 gpm 
less t h a n  t h e  maximum c h a r g i n g  f l o w ) .  Normal ly ,  o n l y  one  of two 
le tdown c o n t r o l  v a l v e s  is i n  s e r v i c e ;  i f  b o t h  a r e  i n  s e r v i c e  a t  t he  
same time, l e tdown  f low c o u l d  be as great as 230 gpm. Even w i t h  
maximum c h a r g i n g  flow, a n e t  R C S  loss  on t h e  o r d e r  o f  100 gpm c o u l d  
occur .  However, h i g h  l e tdown  f low alarms a t  135 gpm on FIA-202, so 
t he  t r a n s i e n t  may be t e r m i n a t e d  by the  o p e r a t o r  b e f o r e  t h e  
p r e s s u r i z e r  l e v e l  d r o p s  s i g n i f i c a n t l y .  

A d r o p  i n  p r e s s u r i z e r  l e v e l  may be accompanied by a d r o p  i n  
p r e s s u r i z e r  p r e s s u r e ,  which may i n i t i a t e  a r e a c t o r  t r i p .  Any RC 
s h r i n k a g e  from t h e  r e a c t o r  t r i p  would f u r t h e r  e x a g g e r a t e  t h e  low 
p r e s s u r i z e r  l e v e l .  With p r e s s u r i z e r  backup heaters e n e r g i z e d ,  h igh  
p r e s s u r i z e r  thermal stresses w i l l  o c c u r  d u r i n g  s u b s e q u e n t  r e f i l l .  
T h i s  can  o c c u r  i f  t h e  o p e r a t i n g  p r e s s u r i z e r  l e v e l  t r a n s m i t t e r  f a i l s  
h i g h .  T h i s  i n i t i a t e s  i n c r e a s e d  l e tdown  f l o w ,  t r i p p i n g  o f  t h e  backup 
c h a r g i n g  pumps, and e n e r g i z i n g  of t h e  p r e s s u r i z e r  backup heaters. 
The a c t u a l  low l e v e l  w i l l  n o t  be t r a n s m i t t e d  as  is r e q u i r e d  t o  t r i p  
t h e  heaters o r  a c t u a t e  l o w - l e v e l  alarms. Low p r e s s u r i z e r  l e v e l  w i l l  
n o t  i n i t i a t e  an  SIAS, a l t h o u g h  low p r e s s u r i z e r  p r e s s u r e  w i l l .  T h i s  
f a i l u r e  mode is a l s o  i d e n t i f i e d  i n  t h e  FMEA o f  t h e  p r e s s u r i z e r  l e v e l  
r e g u l a t i n g  sys tem.  

2. A n e t  g a i n  i n  R C S  i n v e n t o r y  w i l l  lead t o  a r i se  i n  p r e s s u r i z e r  l e v e l .  
Assuming t h a t  makeup t o  t h e  VCT is m a i n t a i n e d ,  a n e t  g a i n  i n  R C S  
i n v e n t o r y  may open t h e  P O R V s  and c o n t r i b u t e  t o  f a i l u r e  o f  t he  v a l v e s  
t o  c l o s e  i f  s a t u r a t e d  water p a s s e s  t h r o u g h  them. Those effects  
i d e n t i f i e d  from t h e  FMEA t h a t  r e p r e s e n t  a n e t  g a i n  i n  RCS i n v e n t o r y  
i n c l u d e  l o s s  of l e tdown  f low and excess c h a r g i n g  f low (assuming VCT 
makeup). 

I s o l a t i o n  o f  l e tdown  f l o w  w i l l  lead t o  a r i se  i n  p r e s s u r i z e r  l e v e l .  
Backup c h a r g i n g  pumps n o r m a l l y  are  t r i p p e d  on h i g h  p r e s s u r i z e r  
l e v e l ,  b u t  one  c h a r g i n g  pump n o r m a l l y  o p e r a t e s  c o n t i n u o u s l y  a t  a 
nominal  r a t e  o f  44 gpm and i t  c o u l d  p r e s s u r i z e  t h e  RCS. I f  t h e  VCT 
makeup c i r c u i t s  are  i n  a u t o m a t i c ,  a n e t  RCS g a i n  o f  44 gpm c o u l d  
f i l l  t h e  p r e s s u r i z e r  i n  t h e  l o n g  term and r e s u l t  i n  PORV l i f t  u n l e s s  
t h e  o p e r a t o r  i n t e r v e n e s .  Letdown f low i n d i c a t i o n ,  p r e s s u r i z e r  
l e v e l ,  and d e c r e a s i n g  VCT l e v e l  s h o u l d  a l e r t  t h e  o p e r a t o r  t o  t r i p  
the  o p e r a t i n g  c h a r g i n g  pump. If t h e  VCT makeup is i n  manual,  t h e  
o p e r a t i n g  c h a r g i n g  pump cou ld  be damaged i f  t h e  VCT is  a l lowed  t o  
d r a i n .  

Letdown f l o w  can be b locked  by any  o p e r a t i n g  l e tdown  l i n e  v a l v e s  
f a i l i n g  c l o s e d ,  i n c l u d i n g  t h e  l e tdown  i s o l a t i o n  v a l v e ,  t he  le tdown 
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s t o p  v a l v e ,  t he  e x c e s s  f low check v a l v e ,  the  l e tdown  c o n t r o l  v a l v e ,  
and t h e  b a c k p r e s s u r e  r e g u l a t i n g  v a l v e .  Loss of i n s t r u m e n t  a i r  can  
c a u s e  a l l  b u t  t h e  excess f low check v a l v e  t o  f a i l  c l o s e d ,  i n c l u d i n g  
t h e  p a r a l l e l  s t a n d b y  v a l v e s .  A c o n t r o l  s i g n a l  f a i l u r e  can  a l s o  f a i l  
a l l  b u t  t h e  e x c e s s  flow check v a l v e .  

The p r e s s u r i z e r  o v e r f i l l  t r a n s i e n t  i n i t i a t e d  by l o s s  o f  l e tdown  f low 
can  be t e r m i n a t e d  i f  the  o p e r a t o r  t r i p s  t h e  o p e r a t i n g  c h a r g i n g  pump. 

Other f a i l u r e s  w i t h  e f f ec t s  r e s u l t i n g  i n  p r e s s u r i z e r  o v e r f i l l  
i n v o l v e  i n a d v e r t e n t  o r  e x c e s s  c h a r g i n g  f l o w  caused  by c o n t r o l  
m a l f u n c t i o n s .  The c h a r g i n g  pumps can  f a i l  t o  t r i p  on demand due t o  
l o s s  o f  c o n t r o l  power on t h e  125-V dc b u s e s ,  b u t  o n l y  two pumps 
c o u l d  f a i l  on w i t h  a s i n g l e  c o n t r o l  b u s  f a i l u r e .  The l e t d o w n  
c o n t r o l  v a l v e  c o u l d  o f f s e t  any g a i n  from two pumps f a i l e d  on.  
However, l o s s  o f  power t o  t h e  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  s y s t e m  
re lays  o r  b i s t a b l e s  would s t a r t  a l l  c h a r g i n g  pumps and r u n  back 
l e tdown  f l o w ,  r e s u l t i n g  i n  a n e t  RCS i n v e n t o r y  g a i n  o f  99 gpm. A 
99-gpm g a i n  would a l s o  o c c u r  i f  t h e  o p e r a t i n g  p r e s s u r i z e r  l e v e l  
t r a n s m i t t e r  f a i l e d  low,  s i n c e  t h i s  would also s t a r t  a l l  c h a r g i n g  
pumps and r u n  back l e tdown  f low.  S i m i l a r l y ,  i f  t h e  p r e s s u r i z e r  
l e v e l  s e t - p o i n t  s i g n a l  from the r e a c t o r  r e g u l a t i n g  s y s t e m  f a i l e d  
h igh ,  t he  c o r r e c t  p r e s s u r i z e r  level  would a p p e a r  low,  backup  
c h a r g i n g  pumps would be s t a r t e d ,  and l e tdown  f low would be r u n  back .  
These c o n t r o l  f a i l u r e s  would a l s o  p r e v e n t  t h e  p r e s s u r i z e r  heaters  
from e n e r g i z i n g  . 

3. Those e f f ec t s  i d e n t i f i e d  f rom the  FMEA t h a t  r e p r e s e n t  boron  d i l u t i o n  
i n  the R C  i n c l u d e  f a i l u r e  o r  d e g r a d a t i o n  of t he  b o r i c  ac id  i n j e c t i o n  
c a p a b i l i t y  on SIAS as w e l l  as u n d e r b o r a t e d  makeup under  normal 
o p e r a t i n g  c o n d i t i o n s .  Modera tor  d i l u t i o n  d u r i n g  normal o p e r a t i o n  is 
e a s i l y  de tec ted  by t h e  boronometer  o r  by i n c r e a s e d  power l e v e l .  I t  
c a n  be i m p o r t a n t  d u r i n g  p o s t - t r i p  cooldown b u t  is n o t  e x p e c t e d  t o  
have  a s i g n i f i c a n t  e f f ec t  on t he  t r a n s i e n t s  o f  i n t e r e s t  here. 

The CVCS c a n  p r o v i d e  132 gpm of c o n c e n t r a t e d  b o r i c  acid t o  t h e  R C S  
on  SIAS, b u t  t h e  FSAR does  n o t  t ake  c r e d i t  f o r  CVCS o p e r a t i o n  i n  t h e  
a n a l y s i s  of steam l i n e  b r e a k s  o r  e x c e s s  l o a d  e v e n t s  where b o r i c  acid 
i n j e c t i o n  is u t i l i z e d .  Fo r  these e v e n t s ,  t h e  FSAR i n d i c a t e s  t h a t  
t h e  R C S  p r e s s u r e  d r o p s  r a p i d l y  ( w i t h i n  100 s )  t o  t h e  s h u t o f f  head o f  
t h e  HPSI  pumps, 1280 p s i a ,  r e s u l t i n g  i n  a d e q u a t e  d e l i v e r y  o f  d i l u t e  
b o r i c  acid f rom the  RWT t o  t h e  R C S .  

C o n c e n t r a t e d  b o r i c  acid i n j e c t i o n  c a p a b i l i t y  on SIAS c a n  be deg raded  
o r  f a i l ed  by CVCS f a i l u r e s  re la ted t o  heat t r a c i n g ,  v a l v e  o p e r a t i o n ,  
o r  c h a r g i n g  pump o p e r a t i o n .  Heat t r a c i n g  f a i l u r e  i n  t h e  p a t h  from 
t h e  b o r i c  acid s t o r a g e  t a n k ( s )  t o  t h e  c h a r g i n g  pump s u c t i o n  can  
r e s u l t  i n  b locked  f l o w  from b o r i c  acid p r e c i p i t a t i o n  i n  t h e  l i n e s .  
F a i l u r e  o f  t h e  SIAS s i g n a l  t o  t h e  a p p r o p r i a t e  v a l v e s  and pumps w i l l  
f a i l  t h e  b o r i c  acid S I  c a p a b i l i t y .  I t  is n o t e d  t h a t  these f a i l u r e s  
do n o t  a f f ec t  t h e  a b i l i t y  o f  t h e  CVCS t o  i n j e c t  water f rom t h e  RWT 
i n  t h e  i n j e c t i o n  mode u n l e s s  t h e  c h a r g i n g  pumps have  been f a i l e d .  



4. The S I  flow prov ided  by t h e  CVCS i n c l u d e s  132 gpm o f  c o n c e n t r a t e d  
bo r i c  ac id  s o l u t i o n  s u p p l i e d  t o  t h e  RCS by a l l  t h r e e  c h a r g i n g  pumps 
on a n  SIAS. The c h a r g i n g  pumps are  n o t  l i k e l y  t o  f a i l  from l o s s  o f  
power b e c a u s e  t h e y  are powered by diesel-backed buses .  They 
p o t e n t i a l l y  c a n  be f a i l e d ,  as p r e v i o u s l y  d e s c r i b e d ,  by f a i l u r e s  
s i m u l t a n e o u s l y  a f f e c t i n g  t h e  o p e r a b i l i t y  of t h e  t h r e e  pumps. 

The more s i g n i f i c a n t  f a i l u r e s  f rom t h e  FMEA d i s c u s s e d  h e r e  are 
p r e s e n t e d  i n  T a b l e  4.3, which g r o u p s  t h e  f a i l u r e s  a c c o r d i n g  t o  
effects  and  i n c l u d e s  t h e  p o s s i b l e  c a u s e s ,  p o t e n t i a l  e f f ec t s ,  and  
remedial a c t i o n s  a v a i l a b l e  t o  t h e  o p e r a t o r s .  The d e t a i l e d  FMEA i n  
Appendix C p r e s e n t s  t h i s  i n f o r m a t i o n  f o r  a l l  p o s t u l a t e d  f a i l u r e s ,  
g rouped  by C V C S  subsys t ems .  

4 .2 .2 .3  FMEA of t h e  P r e s s u r i z e r  Leve l  R e g u l a t i n g  System. The 
p r e s s u r i z e r  l e v e l  r e g u l a t i n g  sys t em has been a n a l y z e d  i n  d e t a i l  t o  
i d e n t i f y  f a i l u r e s  t h a t  c o u l d  a f f ec t  u n d e r c o o l i n g  and  o v e r c o o l i n g  t r a n -  
s i e n t s  and t h e  o p e r a b i l i t y  of p l a n t  s a f e t y  sys t ems .  The 24 f a i l u r e s  
p o s t u l a t e d  i n c l u d e  v i t a l  power, n o n v i t a l  i n s t r u m e n t  power,  o p e r a t i n g  
l e v e l  t r a n s m i t t e r ,  i n p u t  s e t - p o i n t  s i g n a l ,  o p e r a t i n g  b i s t a b l e s ,  
c o n t r o l l e r ,  and  associated r e l a y s .  Some o f  t h e  f a i l u r e s  c o n s i d e r e d  were 
a l s o  c o n s i d e r e d  i n  t h e  FMEA of t h e  CVCS s i n c e  a d i r ec t  i n t e r f a c e  e x i s t s  
between t h e  CVCS and t h e  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  sys t em.  

The more s i g n i f i c a n t  f a i l u r e s  are  d i s c u s s e d ,  f o l l o w e d  by a d i s c u s s i o n  of 
o t h e r  less s i g n i f i c a n t  f a i l u r e s  i d e n t i f i e d  i n  t h e  FMEA. The de t a i l ed  
FMEA and a br ief  d e s c r i p t i o n  of t h e  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  sys t em 
are p r o v i d e d  i n  t h e  a p p e n d i x e s .  

4.2.2.3.1 S i g n i f i c a n t  r e s u l t s .  F a i l u r e s  i n  t h e  p r e s s u r i z e r  l e v e l  
r e g u l a t i n g  s y s t e m  can  p o t e n t i a l l y  r e s u l t  i n  t h e  f o l l o w i n g  s i g n i f i c a n t  
e f f e c t s :  ( 1  ) p r e s s u r i z e r  o v e r f i l l  combined w i t h  e i t he r  a h i g h - p r e s s u r e  
o r  l ow-pres su re  t r a n s i e n t ,  and ( 2 )  p o t e n t i a l  o v e r h e a t i n g  of t h e  
p r e s s u r i z e r  p r e s s u r e  boundary ( p r e c u r s o r  t o  an  u n i s o l a b l e  L O C A ) .  

1 .  The p r e s s u r i z e r  o v e r f i l l  e f fec t  r e s u l t s  f rom f a i l u r e s  t h a t  induce  
t h e  l e tdown  c o n t r o l  v a l v e  t o  c l o s e  and t h e  backup c h a r g i n g  pumps t o  
s t a r t .  T h i s  w i l l  t y p i c a l l y  produce  a n e t  RCS g a i n  of 99 gpm and 
o c c u r s  a f t e r  any  one  of t h e  f o l l o w i n g  f a i l u r e s :  l o s s  of v i t a l  power 
from t h e  o p e r a t i n g  bus  ( 1 Y O 1  or 1Y02), l o s s  of t h e  n o n v i t a l  
i n s t r u m e n t  bus  ( l Y I O ) ,  f a i l u r e  o f  t h e  o p e r a t i n g  l e v e l  t r a n s m i t t e r  on  
t h e  low s i d e ,  and  f a i l u r e  of t h e  p r e s s u r i z e r  l e v e l  set  p o i n t  (from 
t h e  reactor  r e g u l a t i n g  s y s t e m )  on t h e  h i g h  s i d e .  These f a i l u r e s  
a l so  p r e c l u d e  o p e r a t i o n  of t h e  p r e s s u r i z e r  heaters. Thus ,  depend ing  
on which  mechanism is  c o n t r o l l i n g ,  a d e c r e a s i n g  p r e s s u r e  t r a n s i e n t  
may o c c u r  f rom l o s s  of  t h e  h e a t e r s ,  or an  i n c r e a s i n g  p r e s s u r e  
t r a n s i e n t  may o c c u r  from o p e r a t i o n  o f  a l l  t h r e e  h i g h  d i s c h a r g e  head 
c h a r g i n g  pumps. A h i g h - p r e s s u r e  t r a n s i e n t  c o u l d  lead t o  l i f t i n g  of 
t h e  P O R V s  and  t h e  p o s s i b i l i t y  of  t h e i r  f a i l u r e  t o  close due  t o  
damage from t h e  l i q u i d  d i s c h a r g e .  



2. 

3. 

2. Charging Line  to 1. 

Plugs  (HX Inlet 2. 

Regenera t ive  Heat 
Exchanger and RCS 

Valve, HX Tubes, 
or FE-212 Plugs)  

3. VCT Outlet Valve 1. 
(CVC-501-HOV) 
F a i l s  Closed 

Cozamon cause rnechani- 
o a l  fa i lure  (broken  
diaphram, inlet  check 
valve f a i l e d  e t a . )  
Loss of seal and 
p lunger  f l u s h  water 
from overhead supply  
tank  
Blookage due to loose 
p a r t s ,  d e b r i s  or resin 
beads i n  system 

Loose p a r t s ,  boron 
bui ldup ,  or d e b r i s  
i n  l i n e  
Opera tor  error r e l a t e d  
t o  valve c l o s u r e  

I n a d v e r t a n t  signal 
from makeup c o n t r o l l e r  
or SIAS 

Loss of c h a r g i n g  flaw t o  
RCS. If on ly  one pump h a s  
f a i l e d ,  p r e s s u r i z e r  level 
w i l l  d rop  and i n i t i a t e  t h e  
second and/or  t h i r d  pump to  
resume c h a r g i n g  flow. If 
c h a r g i n g  pumps are unavail- 
a b l e ,  p r e s s u r i z e r  l e v e l  w i l l  
d r o p  and i n i t i a t e  runback of 
le tdown (minimum s e t p o i n t  of 
29 gpm). Net RCS l o s s  of 
29 gPm. 

Loss or r e d u c t i o n  of 
c h a r g i n g  flow to  RCS. 
Blookage may c a u s e  h igh  
p r e s s u r e  a t  c h a r g i n g  pump 
d i s c h a r g e ,  and subsequen t  
opening  of t h e  c h a r g i n g  
pump d i s c h a r g e  relief va lves .  
P r e s s u r i z e r  level w i l l  d r o p  
and i n i t i a t e  runback  of 
le tdown (minimum s e t p o i n t  Of 
29 gpm). Net RCS l o s s  of 29 
gpm. 

Isolate  letdown. Shutdown 
p l a n t  if p r e s s u r i z e r  level h a s  
dropped too low.  

CD co 
Isolate letdown. Shutdown 
p l a n t  i f  p r e s s u r i z e r  l e v e l  ha3  
dropped too l a w  to  opera te .  

VCT l e v e l  w i l l  rise, r e s u l -  Isolate  letdown and manually 
t i n g  i n  le tdown f l o w  ge t t i ng  
d i v e r t e d  t o  t h e  waste pro- MOV a8 r equ i r ed .  

o p e r a t e  makeup valve CVC-504- 



Tab le  4.3 (continued) 

F a i l u r e  P o s s i b l e  Causes Effects 

-----------------------------~-------------------------- ---------- 
Remedial Aotions 

-------I -------------_1_1_---~----------- ------- 
2. Obs t ruc t ion  (plugged c e s s i n g  system. S ince ,  t h e  

va lve)  RWT makeup v a l v e  (CVC-504- 
HOV) does  not open au tomat i -  
c a l l y  on h igh  VCT leve l ,  
charg ing  flow t o  t h e  RCS w i l l  
be l o s t ,  a a u s i n g  p r e s s u r i z e r  
level t o  drop. Letdown w i l l  
run back t o  its minimum set- 
p o i n t  of 29  gpm, bu t  w i l l  n o t  
i a o l a t e  au tomat i ca l ly .  Net 
RCS l o s s  of 29 gpm. 

4. VCT Level  1. Power s u r g e  f a i l s  F a i l u r e  cau8es  c o n t r o l l e r  Manually i n i t i a t e  makeup from 
Transml t t e r  (LT-226) 
F a i l s  ~ i g h  2. I n t e r n a l  components flow from VCT t o  t h e  was te  le tdown i n l e t  valve t o  t h e  VCT. 

paver supp ly  r e g u l a t o r  LC-227 t o  d i v e r t  l e tdown t h e  RWT and then r e a l i g n  VCT 

f a i l  

mode assumed. needed au tomat i c  makeup t o  a la rm w i l l  be Pal led.  

p rocess ing  system and c a u s e s  F a i l u r e  may be hard t o  d e t e c t  
3. Automatic c o n t r o l  LC-226 t o  f a i l  t o  p rov ide  s i n c e  l o w  leve l  i n d i c a t i o n  and 

t h e  VCT as t h e  VCT level 
drops.  The f a i l u r e  a l a 0  
causes  c o n t r o l l e r  LC-227 t o  
f a i l  to  i n i t i a t e  makeup Prom 
t h e  RWT, when VCT l e v e l  Is 
a c t u a l l y  low, r e s u l t i n g  i n  
l o s s  of  Plow t o  t h e  cha rg ing  
pumps and l o s s  of  cha rg ing  
f l a u  t o  t h e  RCS. The VCT 
could empty on t h e  o r d e r  of 
ha lP  hour Prom t h e  t r a n s -  
mitter failure.  



5. Letdown Cont ro l  1. Mechanical f a i l u r e  
Valves (CVC-llOP 2. F a i l u r e  of t h e  b i a s  
-CV and CVC-1lOQ c o n t r o l  r e g u l a t o r  
-CV) F a l l  Open on each  v a l v e  

3. Erroneous c o n t r o l  
s i g n a l  from 
p r e s s u r i z e r  level 

v a l v e s  i n  s e r v i c e  
( i n  error) 

4.  Opera tor  p u t s  bo th  

Excess letdown flow, even 
though both  backup c h a r g i n g  
pumps start on low p r e s s u r i -  
zer l e v e l .  Net decrease i n  
RCS i n v e n t o r y  and p r e s s u r i -  
zer  l e v e l  (maximum le tdown 
230 gpm - maximum charging 
132 gpm t 98 gpm). The i n -  
ven to ry  l o s s  w i l l  be accom- 
panied by a p r e s s u r e  d rop  i n  
the  p r e s s u r i z e r ,  which w i l l  
e n e r g i z e  the  heaters. 
Heaters w i l l  de-energ ize  on 
l o  l o  p r e s s u r i z e r  l e v e l .  

6 .  P r e s s u r i z e r  Level 1. Pouer s u r g e  f a i l s  Letdown c o n t r o l  v a l v e  opens, 
T r a n s m i t t e r  F a i l s  power supp ly  r e g u l a t o r  while  any o p e r a t i n g  backup 
High ( LT1 1 O X  or 2 .  Capaci tance  bridge cha rg ing  pumps t r i p .  VCT 
LTllOY) c i r c u i t  f a i l s  o r  o t h e r  fills. Level I n  p r e s s u r i z e r  

I n t e r n a l  components drops.  P r e s s u r i z e r  backup 
f a l l  h e a t e r s  e n e r g i z e  on i n i t i a l  

h igh  l e v e l  s i g n a l  and on 
subsequent  low p r e s s u r i z e r  
p r e s s u r e  accompanied by t h e  
inven to ry  loss.  Heaters 
would no t  de-energ ize  on 
a c t u a l  lau l e v e l  i n  pressu-  
r i z e r  as des igned  due t o  the  
t r a n s m i t t e r  f a i l u r e .  Net 
l o s s  i n  RCS i n v e n t o r y  of 84 
gpm. With i n c o r r e c t  opera- 
tor  response  (opening  o t h e r  

Remedial A O t i O n 6  

Close l e t d o u n  s t o p  valves. 
Detect f a i l u r e  i n  CVCS w i t h  
h igh  l e v e l  alarm i n  VCT and 
h igh  l e tdown  flow. 

Assume manual c o n t r o l  of CVCS 
components. F a i l u r e  may be 
harad  t o  d e t e c t ,  l o w  p r e s s u r e  
t r a n s i e n t  may be o n l y  ind ica -  
t i on .  Switch to  a l t e r n a t e  
r e g u l a t i n g  sys tem (i.e., system 
X i f  Y t r a n s m i t t e r  is f a i l e d ) .  



T a b l e  4.3 (continued) 

Remedial Ao t i o n s  F a i l u r e  P o s s i b l e  Causes Effects 

le tdown control valve and 
t r i p p i n g  las t  charg ing  pump) 
net le tdown flow could be as 
h igh  as 230 gpm. 

7. Letdown S top  Valve 1. 
(CVC-515-CV) or 
Letdown Containment 
Valve (CVC-516-CV) 
F a i l  Closed 

2. 
3.  

4 .  

Inadve r t an t  or 
e r roneous  s i g n a l  
t o  o lose ,  i n c l u d i n g  
a. ESFAS (SIAS o r  

CVCS i s o l a t i o n  
s i g n a l  1 

b. High r e g e n e r a t i v e  
H I  o u t l e t  tempera- 
ture TIC-221 

Loss of ins t rument  a i r  
Loss of c o n t r o l  power 
t o  so leno id  
Mechanical fa i lure  
i n c l u d i n g  plugging 
from loose p a r t s  

Letdown flow is stopped,  After d e t e c t i n g  fa i lure ,  monl- 
i n c l u d i n g  flow through t h e  t o r  p r e s s u r i z e r  level and 
r e g e n e r a t i v e  h e a t  exchanger cha rg ing  flow tempera ture  
(HX), which u s u a l l y  h e a t s  (TE-229). T r ip  cha rg ing  PUP 
cha rg ing  f low.  P r e s s u r i z e r  i f  level i n  p r e s s u r i z e r  is too  
l e v e l  w i l l  rfse, backup high. 
cha rg ing  pump w i l l  t r i p ,  bu t  
t h e  main o p e r a t i n g  charg ing  
pump w i l l  con t inue  t o  
d i s c h a r g e  to t h e  RCS. With 
cha rg ing  flow from the 
remain ing  pump a t  49 gpm, 
RCS could  over p r  e s s u r  ize , 
c a u s i n g  t h e  PORV to open. 

8. Ekes8 Flaw Check 1. Uechanical fa i lure  Same as above ( l o s s  of Same as above. 
Valve F a i l s  Closed 2. Plugging le tdown f low) .  

9. Operating Letdown 1. Loss of Instrument Same as above ( l o s s  of  For both  valves f a i l i n g ,  i s o l a -  
Cont ro l  Valve (C9G air  le tdown f low).  t i ng  cha rg ing  flow f a  requ i r ed .  
11OP-CV) or CVC- 2. Loss of so l eno id  If only one of the two valves 

fails ,  p l ace  the  s tandby valve lOOQ-CV) F a i l s  Closed c o n t r o l  power 
3. Hechanioal f a i l u r e  i n  service ( r e q u i r e s  manual 
4. Control  s i g n a l  f a i l u r e  a l ignment  of va lves ) .  



Opera t ing  Letdown 
Backpressure  Regu- 
l a t i n g  Valve (CV- 
201P or CV-201Q) 
F a i l s  Closed 

Ion  Exchangeds )  
P lug ( s )  or Strainer 
P1 Ug8 

Opera t ing  Letdown 
Backpressure  Regu- 
l a t i n g  Valve (CV- 
201P or CV-2014) 
P a i l s  Open (normal ly  
f a i l  closed on loss  
of air) 

1. Loss of ins t rument  air Same as above (loss of Monitor p r e s s u r i z e r  l e v e l  and 
2. Pressure  c o n t r o l l e r  

or t ransmi t ter ( PT- 
201) f a i l s  low ( l o s s  
of power) 

3. Mechanical f a i l u r e  

1. Heat damage 
2. Loose p a r t s  
3. Bad resin supply 
11. Resin bed suppor t  

s t r u c t u r e  f a i l s  

1. P res su re  c o n t r o l l e r  
or t r a n s m i t t e r  
(PT-201) fa i ls  h igh  

2. Mechanical f a i l u r e  
3. Operator  e r r o r  

le tdown flow). RCS p re s su re .  T r ip  charg ing  
pump, i f  necessary.  

I n i t i a l  loss or r e d u c t i o n  Letdown f l o w  can be switched 
o f  le tdown flow. PDIS-204 a t  CVC-520-CV t o  bypas i o n  
alarms a t  20 ps id .  VCT exchangers .  Honltor  AC 
l e v e l  w i l l  decrease and 

i n i t i a t e  makeup water i f  
i n  au tomat ic .  Net p l a n t  a s  
g a i n  i n  RCS inven to ry  of 
44 gpm from t he  o p e r a t i n g  
cha rg ing  p w p .  

chemis t ry  and shutdown p l a n t  

RCS f l u i d  downstream of let- 
down c o n t r o l  va lve  may f l a s h  
t o  steam due t o  drop  i n  l i n e  
p re s su re .  If f l u i d  tempera- 
t u r e  is above 1450F, TE-224 
should  swi t ch  flow to  VCT 
and bypass  boronometer and 
r a d i a t i o n  monitor. If ten+ 
p e r a t u r e  is below 145OP, 
steam pockets may e x i s t  and 
damage monitors .  High 
v e l o c i t y  flow may damage the 
p u r i f i c a t i o n  f i l t e r  w i t h  
d e b r i s  e i t h e r  b locking  l e t -  

Isolate letdown. Cheok system 
flaws and f i l t e r  p res su re  drop  
to  d e t e o t  f i l t e r  damage. If 
f i l t e r  is not  damaged a t t empt  
t h r o t t l i n g  of manual va lves  
associated w i t h  one of the 
fa i led  r e g u l a t i n g  valves .  If 
f a i l u r e  l a  not  caused by pres-  
s u r e  t r a n s m i t t e r  f allures, 
p l a c e  the standby r e g u l a t i n g  
v a l v e  i n  se rv i ce .  



- Table 4.3 (continued) 

F a i l u r e  P o s s i b l e  Causes E f f e c t s  Remedial Act ions  

13. Loss of Non-Vital 1. Loss of power to bus 
Paver to  Regulating 2. F a u l t  on bus 
System Relays (AC 
bus 1Y10) o r  Loss of 
Vi t a l  Power to 
Regula t ing  System 
B l s t a b l e s  (bus l Y O l  
or 1Y02) 

14. P r e s s u r i z e r  Level 1. Loss of power to 
Transmi t te r  F a i l s  t r a n s m i t t e r  (bus l Y O l  
Law (LTllOX or or 1Y02) 
LT11 OY) 2. I n t e r n a l  t r a n s m i t t e r  

oomponents f a i l  

down flow or e v e n t u a l l y  
f a i l i n g  t h e  cha rg ing  pumps. 
Net e f P e c t  on RCS i n v e n t o r y  
may be minimal i f  cha rg ing  
pumps and letdown are f a i l e d  
simul taneous ly .  

Letdown c o n t r o l  va lve  clo- 
sest backup cha rg ing  pumps 
start and a l l  p r e s s u r i z e r  
heaters de-energize. Net 
RCS g a i n  of 99 gpm. Pres- 
s u r i z e r  h igh  l e v e l  t r a n s i e n t  
w i t h  p o t e n t i a l  for h igh  
p r e s s u r e  t r a n s i e n t  from 
o p e r a t i n g  cha rg ing  pumps or 
low p r e s s u r e  t r a n s i e n t  i f  
loss of h e a t e r s  Is con t ro l -  
l i n g .  

Assume manual oon t ro l  of le t -  
down v a l v e  and charg ing  pump 
ope ra t ion .  If power on 1 Y O l  or 
1Y02 fai led u t i l i z e  t h e  un- 
failed power supply to  reyume 
p r e s s u r i z e r  l e v e l  con t ro l .  
P r e s s u r i z e r  heaters can also be 

\o 
t u rned  on manually. W 

H i g h  l e v e l  t r a n s i e n t  i n  Switch to alternate r e g u l a t i n g  
p r e s s u r i z e r .  Letdown con- channel  (I. e., channel X if Y 
t r o l  va lve  doses ,  backup t r a n s m i t t e r  is fa i led) .  Assume 
oharg ing  pumps s t a r t ,  and manual c o n t r o l  of CVCS compo- 
p r e s s u r i z e r  heaters de-ener- nen t s  ( t r i p  pump and i s o l a t e  
gize. P o t e n t i a l  h igh  pres- le tdown as requi red) .  
s u r e  t r a n s i e n t  I n  p re s su r i -  
zer w i t h  p o t e n t i a l  to open  
PORVts, or l o w  p r e s s u r e  
t r a n s i e n t  i f  loss of heaters 
is c o n t r o l l i n g .  



Tab le  4.3 (continued) 

F a i l u r e  P o s s i b l e  Causes Effects Remedial Act ions  

15. P r e s a u r i z e r  Level 1. S i g n a l  f a u l t  
Setpoint (from 2. S e t p o i n t  dev ice  fau l t  
reactor r e g u l a t i n g  
system) F a i l s  High 

16. S p a r e  Charging Pumps 1. Pare r  supply f a i l u r e  
F a i l  to Start  on ( 4  KV Bus 11 or 4 KV 
SIAS Demand Bus 14) 

2. Mechanical f a i l u r e  
3. Cont ro l  s i g n a l  f a i l u r e  

17. SIAS to  o c s  1. Contro l  s i g n a l  f a i l u r e  
Components F a l l s  on 
Demand 

P r e s s u r i z e r  o v e r f i l l  If VCT 
makeup maintained. Correct 
p r e s s u r i z e r  l e v e l  w i l l  
appear  low and e x t r a  charg- 
i n g  pumps and runback of 
letdown flow w i l l  be i n i t i a -  
ted,  r e s u l t i n g  i n  o v e r f i l l  
of t h e  p r e s s u r i z e r .  High 
p r e s s u r i z e r  l e v e l  w i l l  
appear  normal and correct 
c o n t r o l  response  ( e n e r g i z e  
h e a t e r s ,  s t o p  backup char- 
g i n g  pumps, and i n c r e a s e d  
letdown) w i l l  no t  occur. 

P o t e n t i a l l y  on ly  l / 3  capa- 
c i t y  CVCS boria acid flow 
d e l i v e r e d  to t h e  RCS on  SIAS 
demand. Reduced shutdown 
margins  achieved. 

Automatic d e l i v e r y  of con- 
c e n t r a t e d  boric acid from 
CVCS (132 gpm d e s i g n  f low)  
is fa i led .  

Switch to  alternate r e g u l a t i n g  
syatem (X or Y )  on d e t e c t i o n  
of fa i lure .  Adjust  RCS inven- 
t o r y  w i t h  CVCS. 

Manually s t a r t  charg ing  pumps 
on d e t e c t i o n  of f a i l u r e ,  if 
pumps are not f a i l e d  
mechani ca l l  y. 

Inl t i a  te emergency bora t i o n  
alignment on d e t e c t i o n  of 
f a i l u r e .  Based on a n a l y s e s  
which demonst ra te  safe 
c o n d i t i o n s  wi thout  assumlng 
c h a r g i n g  i n j e c t i o n ,  flow 
from CVCS is probably not 
r e q u i r e d  on SIAS, but 
p rov ides  a s a f e t y  UIaWh 



2. 

The r e l a y s  t h a t  s t a r t  t h e  c h a r g i n g  pumps and t u r n  o f f  t h e  backup 
heaters i n  t h e  a u t o m a t i c  c o n t r o l  mode d e e n e r g i z e  t o  i n i t i a t e  these 
r e s p o n s e s .  Thus l o s s  of power t o  t h e  re lays  e n e r g i z e s  t he  pumps and 
d e e n e r g i z e s  t h e  heaters. The l e tdown  c o n t r o l  v a l v e  closes on  l o s s  
o f  power as  well. Loss o f  v i t a l  bus  1YO1 or  1Y02 ( r e d u n d a n t  power 
s u p p l i e s  w i t h  one  se lec ted)  resul ts  i n  no o u t p u t  from t h e  l e v e l  
t r a n s m i t t e r ,  which is i n t e r p r e t e d  a s  low l e v e l  and a demand t o  close. 
Loss of  n o n v i t a l  bus 1Y10 r e s u l t s  i n  no s i g n a l  from t h e  limiter t o  
the  l e tdown  v a l v e ,  which is a l s o  i n t e r p r e t e d  a s  a demand t o  c l o s e .  
F a i l u r e  of t h e  l e v e l  s e t - p o i n t  s i g n a l  on t h e  h i g h  s ide (from t h e  
r e a c t o r  r e g u l a t i n g  s y s t e m )  leads t o  t h e  same r e s p o n s e ,  b e c a u s e  t h e  
c o r r e c t  p r e s s u r i z e r  l e v e l  w i l l  be i n t e r p r e t e d  a s  t o o  low. 

The o v e r f i l l  t r a n s i e n t  r e s u l t i n g  from these f a i l u r e s  can be 
t e r m i n a t e d  by manua l ly  t r i p p i n g  the  c h a r g i n g  pumps. The p r e s s u r i z e r  
heaters can  a l s o  be swi tched  from t h e i r  f a i l e d  s t a t e  i n  "AUTO" t o  
flONrr o r  r rOFFf l  as r e q u i r e d  t o  r e s t o r e  p r e s s u r i z e r  p r e s s u r e .  

A l o w - l e v e l  t r a n s i e n t  i n  t h e  p r e s s u r i z e r  i n  combina t ion  w i t h  t h e  
p r e s s u r i z e r  heaters e n e r g i z e d  is a p o t e n t i a l  cause of damage t o  t h e  
p r e s s u r i z e r  p r e s s u r e  boundary on  r e f i l l .  The low l e v e l  w i t h  heaters 
e n e r g i z e d  can  r e s u l t  from f a i l u r e  of t h e  o p e r a t i n g  p r e s s u r i z e r  l e v e l  
t r a n s m i t t e r  on t h e  h i g h  s i d e .  The s y s t e m  w i l l  r e spond  t o  t h e  h igh -  
l e v e l  s i g n a l  by emptying  t h e  p r e s s u r i z e r  and e n e r g i z i n g  t he  backup 
p r e s s u r e  heaters.  With t h e  t r a n s m i t t e r  f a i l ed  h i g h ,  no low-low 
l e v e l  s i g n a l  w i l l  d e v e l o p  and t h e  heaters w i l l  n o t  d e e n e r g i z e  as 
t h e y  n o r m a l l y  would on low-low l e v e l .  

S i m i l a r l y ,  w i t h  t he  l e v e l  s e t - p o i n t  s i g n a l  from the  r e a c t o r  
r e g u l a t i n g  s y s t e m  f a i l e d  low,  t h e  c o r r e c t  p r e s s u r i z e r  l e v e l  w i l l  
a p p e a r  t o o  h i g h  and t h e  s y s t e m  w i l l  r e spond  by emptying  the  
p r e s s u r i z e r  and e n e r g i z i n g  t h e  b a c k u p  p r e s s u r i z e r  heaters.  But ,  
b e c a u s e  t h e  low-low l e v e l  s e t  p o i n t  t h a t  switches t h e  heaters o f f  is 
independen t  o f  t h e  s e t  p o i n t  programmed from t h e  r e a c t o r  r e g u l a t i n g  
s y s t e m ,  t h i s  f a i l u r e  w i l l  n o t  by i t s e l f  lead t o  p r e s s u r e  boundary 
damage. 

There are  two component f a i l u r e s  a s s o c i a t e d  w i t h  t h e  low-low se t -  
p o i n t  c o n t r o l  t h a t  c o u l d  be p r e c u r s o r s  t o  an  u n i s o l a b l e  LOCA i f  a 
l o w - l e v e l  t r a n s i e n t  were t o  d e v e l o p  i n  t h e  p r e s s u r i z e r .  These are 
f a i l u r e s  o f  t h e  low-low b i s t a b l e  LC-11OXL ( o r  LC-11OYL) i n  t h e  
c l o s e d  p o s i t i o n ,  and  f a i l u r e  o f  the  a s s o c i a t e d  r e l a y s  (63XA/LC-l10L 
o r  63XB/LC-l10L) t o  open on demand. Ei ther  o f  these f a i l u r e s  w i l l  
p r e v e n t  t h e  p r e s s u r i z e r  heaters f rom d e e n e r g i z i n g  on low-low l e v e l  
demand. The b i s t a b l e  and t h e  relays ( i n  s e r i e s )  are norma l ly  
e n e r g i z e d  c l o s e d  and open when d e e n e r g i z e d  t o  d e e n e r g i z e  t he  heaters 
If t h e  b i s t a b l e  f a i l s  c l o s e d ,  t h e  r e l a y  c i r c u i t  r e m a i n s  e n e r g i z e d  
and t h e  heaters w i l l  r ema in  e n e r g i z e d .  Although t h e  heaters can  be 
d e e n e r g i z e d  on h i g h  p r e s s u r e ,  h i g h  p r e s s u r e  is no t  e x p e c t e d  t o  e x i s t  
d u r i n g  a l o w - l e v e l  t r a n s i e n t .  I n  any  case,  t he  heaters can be 
d e e n e r g i z e d  manual ly  by s w i t c h i n g  t h e  heater c o n t r o l  from flAUTOfl  t o  
"OFF. '' 



3. P r e s s u r i z e r  heater c o n t r o l  f a i l u r e  can  a l so  r e s u l t  i n  a l o w - p r e s s u r e  
t r a n s i e n t .  If t h e  b i s t a b l e  or t h e  r e l a y s  a s s o c i a t e d  w i t h  t he  
low-low l e v e l  set p o i n t  f a i l  i n  t h e i r  "fai l -safe"  d e e n e r g i z e d  s t a t e ,  
t h e  heaters w i l l  d e e n e r g i z e .  T h i s  would o c c u r  i f  t h e  o p e r a t i n g  
b i s t a b l e  (LC-11OXL o r  YL) o r  t h e  re lays  (63XA/LC-l10L a n d / o r  
63XB/LC-l10L) f a i l e d  open. Loss  of power o r  e l ec t r i c  power c i r c u i t  
component f a i l u r e s  can  c a u s e  t h i s .  

The more s i g n i f i c a n t  f a i l u r e s  d i s c u s s e d  here are  p r e s e n t e d  i n  
T a b l e  4 .4  i n  t h e  f o r m a t  i n  which t h e  de ta i led  FMEA was deve loped  
(see Appendix C ) .  T h i s  f o r m a t  i d e n t i f i e s  p o s t u l a t e d  f a i l u r e s ,  
p o s s i b l e  c a u s e s ,  p o t e n t i a l  e f f ec t s ,  and  remedial a c t i o n s  a v a i l a b l e  
t o  t he  o p e r a t o r .  A comple t e  l i s t i n g  o f  p r e s s u r e  r e g u l a t i n g  s y s t e m  
f a i l u r e  modes and t h e i r  e f fec ts  is p r o v i d e d  i n  Appendix C .  

4 . 2 . 2 . 4  FMEA o f  t h e  R e a c t o r  Coo lan t  P r e s s u r e  R e g u l a t i n g  System. A FMEA 
of  t h e  RC p r e s s u r e  r e g u l a t i n g  sys t em was pe r fo rmed  t o  i d e n t i f y  the  impac t  
o f  component f a i l u r e s  on RCS u n d e r c o o l i n g  and  o v e r c o o l i n g  and  on  the  
o p e r a b i l i t y  o f  s t a n d b y  s a f e t y  s y s t e m s .  The 1 3  f a i l u r e s  p o s t u l a t e d  
i n c l u d e d  f a i l u r e  o f  v i t a l  power, n o n v i t a l  i n s t r u m e n t  power,  p r e s s u r e  
t r a n s m i t t e r ,  c o n t r o l l e r s ,  and  a s s o c i a t e d  b i s tab les .  F a i l u r e  o f  r e l a y s  
t h a t  i n t e r f a c e  w i t h  t h e  sys t em f rom the  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  
s y s t e m  was c o v e r e d  i n  t h e  FMEA f o r  t h e  l e v e l  r e g u l a t i n g  sys t em.  Both 
r e g u l a t i n g  s y s t e m s  p r o v i d e  c o n t r o l  of the  p r e s s u r i z e r  backup heaters. 
D e s c r i p t i o n s  o f  b o t h  s y s t e m s  a re  c o n t a i n e d  i n  Appendix B. 

The r e s u l t s  o f  t he  de t a i l ed  FMEA f o r  t h e  RC p r e s s u r e  r e g u l a t i n g  s y s t e m  
are h i g h l i g h t e d  i n  t h i s  s e c t i o n .  The de t a i l ed  FMEA can  be  found  i n  
Appendix C .  

4.2.2.4.1 S i g n i f i c a n t  r e s u l t s .  F a i l u r e s  i n  t h e  R C  p r e s s u r e  
r e g u l a t i n g  s y s t e m  do n o t  r e s u l t  i n  e f f ec t s  s i g n i f i c a n t  t o  u n d e r c o o l i n g ,  
o v e r c o o l i n g ,  o r  t h e  o p e r a b i l i t y  o f  s t a n d b y  s a f e t y  s y s t e m s .  The most 
n o t e w o r t h y  e f f ec t s  would lead t o  a h i g h - p r e s s u r e  t r a n s i e n t ,  which may 
open t h e  P O R V s ,  o r  t o  a l o w - p r e s s u r e  t r a n s i e n t ,  which would be f o l l o w e d  
by a thermal m a r g i n / l o w - p r e s s u r e  r e a c t o r  t r i p .  A t  l ower  p r e s s u r e s ,  SIAS 
would i n i t i a t e .  S i n c e  t h e  o p e r a t o r s  t r i p  two R C  pumps on SIAS, low- 
p r e s s u r e  t r a n s i e n t s  caused  by u n c o n t r o l l e d  p r e s s u r i z e r  s p r a y  may be 
t e r m i n a t e d .  Even i f  t h e  o p e r a t o r  f a i l e d  t o  t r i p  t h e  pumps and 
s a t u r a t i o n  c o n d i t i o n s  were reached i n  t h e  c o r e ,  t h e  c o n d i t i o n  would n o t  
be s i g n i f i c a n t .  

A PORV l i f t  i n  i t s e l f  would n o t  c o n t r i b u t e  t o  i n a d e q u a t e  c o r e  c o o l i n g  o r  
an  u n c o n t r o l l e d  decrease i n  R C S  t e m p e r a t u r e .  I n  t h i s  e v e n t ,  t h e  PORVs 
o p e r a t e  as d e s i g n e d  t o  c o n t r o l  the  t r a n s i e n t .  Un les s  t h e  P O R V s  f a i l e d  
t o  c l o s e  due  t o  a n  i n d e p e n d e n t  f a i l u r e  mechanism, t h e  p r e s s u r e  
r e g u l a t i n g  s y s t e m  f a i l u r e  d i d  n o t  l ead  t o  e f f ec t s  o f  c o n c e r n .  

The R C  p r e s s u r e  r e g u l a t i n g  s y s t e m  f a i l u r e s  t h a t  do r e s u l t  i n  a low- 
p r e s s u r e  t r a n s i e n t  i n v o l v e  e i the r  t h e  p r e s s u r i z e r  heaters i n  a 
d e e n e r g i z e d  s t a t e  o r  i n a d v e r t e n t  a c t u a t i o n  o f  t h e  p r e s s u r i z e r  s p r a y  f l o w .  
Loss  of power on I n s t r u m e n t  Bus 1YO9 w i l l  c a u s e  b o t h  t h e  p r o p o r t i o n a l  



Table 4.4. Pressurizer level regulating system FMEA summary 

F a i l u r e  P o s s i b l e  Causes Ef  fec ta  Remedial Act ions  

1. Loss of Non-Vital 1. 
Power t o  Regulat ing 2. 
System Relays (AC 
bus t Y 1 0 )  

2. Loss of VI tal Power 1. 
to  Regulat ing System 2. 
Bistable8 (bus l Y O l  
or 1 Y O 2 )  

Loss of power t o  bus Letdown c o n t r o l  va lve  
F a u l t  on bus closes, backup cha rg ing  

pumps s t a r t  and a l l  
p r e s s u r i z e r  h e a t e r s  de- 
energ ize .  P r e s s u r i z e r  high 
level t r a n s i e n t  w i  t h  poten- 
t i a l  for h igh  p r e s s u r e  tran- 
s i e n t  from o p e r a t i n g  
cha rg ing  p u p s  or lcu pres- 
s u r e  t r a n s i e n t  if l o s s  of 
h e a t e r s  is c o n t r o l l i n g .  

toss of power to  bus Same as above. 
F a u l t  on bus 

T r i p  charging pumps as re- 
qu i r ed .  Turn on p r e s s u r i z e r  
heaters manually as r e q u i r e d  to 
i n c r e a s e  pressure .  Manual aon- 
t r o l  on le tdown v a l v e  is l o s t .  
If bus is n o t  faulted, manually 
a l i g n  backup bus 1YO9.  

\D 
Assume manual c o n t r o l  of l e t -  4 

down v a l v e  and cha rg ing  pump 
opera t ion .  If power on l Y O l  or 
l Y 0 2  fa i led u t i l i z e  the un- 
failed power supply  to  resume 
p r e e a u r l z e r  l e v e l  con t ro l .  
Backup for l Y O l  and 1 Y 0 2  is 
also a v a i l a b l e  from bus 1 Y 1 1 .  
P r e s s u r i z e r  h e a t e r s  can also be 
turned  on manually. 

3. P r e s s u r i z e r  Level 1. Loss of power t o  High l e v e l  t r a n s i e n t  in Switch to  a l t e r n a t e  r e g u l a t i n g  
Transmi t t e r  F a i l s  tranaml tter p r e s s u r i z e r .  Letdown con- channel  (Le . ,  channel  X i f  Y 
Lou (LTl lOX or 2. Internal transmitter t rol  va lve  c loaes ,  backup t r a n s m i t t e r  is failed). Assume 
LTllOY) components fa i l  cha rg ing  pumps start,  and manual c o n t r o l  of CVCS compo- 

heaters de-energize.  Poten- nenta  ( t r i p  pump and i s o l a t e  
t i a l  high p r e s s u r e  t r a n s i e n t  letdown as r e q u i r e d ) .  
from o p e r a t i n g  cha rg ing  



Table 4.4 (continued) -- - ------ -- ___L- - 
F a i l u r e  Poss i  b l  e Causes Effects Remedial Ac t i  one ---- _I_ --- ---_I---- 

4. P r e s s u r i z e r  Level  1. Signal f a u l t  
S e t p o i n t  (from 2. S e t p o i n t  device  fau l t  
reactor r e g u l a t i n g  
system) F a i l s  High 

5. P r e s s u r i z e r  Level 1. Power su rge  f a i l s  
Transmi t te r  F a i l s  power supply r e g u l a t o r  
High (LT11OX or 2. Capaci t ance  br idge 
LT11OY) c i r c u i t  f a i l s  or o t h e r  

i n t e r n a l  components 
f a i l  

pumpa or low p r e s s u r e  t ran-  
s i e n t  i f  loss of heaters is 
c o n t r o l  1 i ng. 

P r e s s u r i z e r  o v e r f i l l  i f  Switch t o  alternate r e g u l a t i n g  
VCT i n v e n t o r y  maintained.  channel  ( X  or r) on d e t e a t i o n  
Correct p r e s s u r i z e r  l e v e l  of f a i l u r e .  Adjust  RCS inven- 
w i l l  appea r  normal and run- t o r y  with CVCS. 
back of le tdown flow w i l l  be  
i n i t i a t e d ,  r e s u l t i n g  i n  
overf i l l  of t h e  p r e s s u r i z e r .  
High p r e s s u r i z e r  l e v e l  w i l l  
appea r  normal and c o r r e c t  
c o n t r o l  response  ( e n e r g i z e  
b e a t e r s ,  s t o p  c h u g i n g  pumps 
and i n c r e a s e  le tdown) w i l l  
n o t  occur .  nay n o t  o v e r f i l l  
p r e s s u r i z e r ,  bu t  on power 
i n c r e a s e ,  s i g n i f i c a n t  expan- 
s i o n  of c o o l a n t  may lead t o  
o v e r f i l l .  

Letdown c o n t r o l  va lve  opens, 
whi le  any o p e r a t i n g  backup 
c h a r g i n g  pumps t r i p .  Level 
i n  p r e s s u r i z e r  drops.  Prea- 
s u r i z e r  backup heaters ener- 
g i z e  on i n i t i a l  high l e v e l  
s i g n a l .  Heaters would no t  
de-energ ize  on a c t u a l  low 

Assume manual c o n t r o l  of CVCS 
components. F a i l u r e  may be 
hard  t o  d e t e c t ,  volume c o n t r o l  
tank  h i g h  l e v e l  may be o n l y  
i n d i c a t i o n .  Switch t o  al ter-  
nate r e g u l a t i n g  channel  ( i . e .  , 
channel  X i f  Y t r a n s m i t t e r  is 
f a i l e d ) .  



T a b l e  4.4 (continued) 

level i n  p r e s s u r i z e r  i f  re- 
dundant  t r a n s m i t t e r  also 
failed.  Net loss  i n  RCS 
inven to ry  of 84 gpm. With 
i n c o r r e c t  o p e r a t o r  response 
(opening  o t h e r  le tdown c o n t r o l  
v a l v e  and t r i p p i n g  l a s t  charg-  
i n g  pump) n e t  le tdown flow 
(RCS l o s s )  cou ld  be as h igh  
a8 256 gpm. 

6 .  Lo-Lo B i s t a b l e  (LC- 
l l o X L  or LC-110YL) 
Contac ts  F a i l  Closed 
(assumed normally 
energ ized  c losed )  

7. Relays (LC-110L) 
F a i l  to  Open On 
Demand (when de- 
energ ized  and when 
l o  l o  level e x i s t s )  

1. Contact  s h o r t  or 
a r c i n g  caused by oor- 
ros ion ,  ag ing ,  mois- 
t u r e ,  swell, etc. 

1. Contact  s h o r t  or 
a r c i n g  caused by cor- 
ros ion ,  mo i s tu re ,  
aging,  etc. 

On low low level ,  h e a t e r s  
w i l l  no t  de-energize.  Char- 
g i n g  pumps w i l l  still  ener- 
g i z e  and le tdown c o n t r o l  
v a l v e  w i l l  close on demand. 
Potential damage frola d r y  
h e a t e r  o p e r a t i o n  i f  low low 
level e x i s t s .  L e 1 0  
l eve l  alarm may also be 
f a i l e d ,  bu t  low level alarm 
w i l l  be operable .  

Heaters w i l l  n o t  automati-  
c a l l y  de-energ ize  on l o  l o  
l e v e l .  

Switch t o  alternate r e g u l a t i n g  
channel  ( X  or I) to  u t i l i z e  
redundant  ope rab le  b i s t a b l e .  
Switch manual h e a t e r  c o n t r o l  
from "AUTO" t o  'OFF". 

\D 
\D 

Hanually swi t ch  h e a t e r a  o f f  on 
l o  l o  level alarm. 



Table 4.4 (continued) 
--__.e - -------- 

F a i l  u r e  P o s s i b l e  Causes Effect 8 Remedial Act ions 
--I_ -- 
hxAw?mrsJ'm.mLent 
8. Relays (LC-1lOL) 1. Loss of power Heaters would f a i l  to  ener- Monitor RCS pressure .  Manually 

F a i l  Open (normal ly  2. F a i l u r e  of e l e c t r i o  gize on demand. Could l e a d  c o n t r o l  h e a t e r a  as r equ i r ed .  
energ ized  c losed )  power o i r c u i t  compo- t o  low p r e s s u r e  t r a n s i e n t  i n  

nen ta  RCS. Also degraded l e v e l  
c o n t r o l  on h igh  l e v e l  i n  
p r e s s u r i z e r .  

9. Lo-Lo B i s t a b l e  (LC- 1. Loss of power re- Even i f  l e v e l  was n o t  l o w ,  Swi tch  t o  alternate r e g u l a t i n g  
ohannel  ( X  or Y )  to  u t i l i z e  llOXL or LC-11OYL) 

Contac ts  F a l l  Open deenerg ized  p o s i t i o n  p r e s s u r i z e r  h e a t e r s  would redundant  ope rab le  b l s t a b l  e. 
(assumed normally 2. F a i l u r e  of e lectr ic  de-energize,  r e s u l  t i n g  i n  

s u l t i n g  i n  f a i l u r e  to  or i f  p r e s s u r e  was low, 

2 energ ized  closed) power c i r c u i t  oompo- slow p r e s s u r e  decrease i n  0 
n e n t s  t h e  p r e s s u r i z e r .  0 
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and backup heaters t o  d e e n e r g i z e ,  i n i t i a t i n g  a s low decrease i n  p r e s s u r e .  
F u l l  c a p a c i t y  s p r a y  f low can  be ac tua ted  i n a d v e r t e n t l y  by ( 1 )  f a i l u r e  of 
t he  o p e r a t i n g  p r e s s u r e  t r a n s m i t t e r  on t h e  h i g h  s i d e ,  ( 2 )  f a i l u r e  o f  t h e  
p r o p o r t i o n a l  c o n t r o l l e r  on t h e  h i g h  s i d e ,  or ( 3 )  f a i l u r e  of t h e  a c t u a l  
s p r a y  c o n t r o l l e r  on t h e  h igh  s i d e .  Heat i n p u t  c a p a c i t y  from t h e  
p r e s s u r i z e r  heaters is n o t  enough t o  o f f s e t  t h e  c o o l i n g  p rov ided  by f u l l  
p r e s s u r i z e r  s p r a y  f l o w ;  t h u s  a pressure decrease would o c c u r .  

A h i g h - p r e s s u r e  t r a n s i e n t  can d e v e l o p  from t h e  o p e r a t i n g  p r e s s u r e  t r a n s -  
mitter f a i l i n g  low. T h i s  w i l l  c l o s e  t h e  s p r a y  v a l v e s ,  e n e r g i z e  t h e  
p r e s s u r i z e r  heaters ,  and a n n u n c i a t e  a l o w - p r e s s u r e  alarm. Without  
o p e r a t o r  i n t e r v e n t i o n ,  t h e  p r e s s u r e  w i l l  c a u s e  t h e  P O R V s  t o  l i f t  and t h e  
r e a c t o r  t o  t r i p  on  h i g h  p r e s s u r e .  

I n a d v e r t e n t  p r e s s u r e  alarms ( h i g h  or  low) may i n d u c e  the  o p e r a t o r  t o  
m i s t a k e n l y  a d j u s t  t he  p r e s s u r e  i n  t h e  wrong d i r e c t i o n  v i a  manual c o n t r o l  
o f  the  heaters and s p r a y  v a l v e s .  The p r e s s u r e  e f fec ts ,  though ,  would be 
bounded by e i ther  a h igh -  o r  l o w - p r e s s u r e  r e a c t o r  t r i p .  Other 
i d e n t i f i e d  p o s s i b l e  f a i l u r e s  would be c o u n t e r e d  by a u t o m a t i c  sys t em 
r e s p o n s e ,  o r  t he i r  e f f e c t s  would be bounded by h igh -  o r  l o w - p r e s s u r e  
r e a c t o r  t r i p .  

Tab le  4.5 c o n t a i n s  a s e l e c t i o n  o f  the  more s i g n i f i c a n t  R C  p r e s s u r e  
r e g u l a t i n g  sys t em f a i l u r e s  t a k e n  from the  comple t e  FMEA i n  Appendix C .  

4 .2 .2 .5  FMEA o f  t h e  R e a c t o r  R e g u l a t i n g  System. The R R S  has been 
a n a l y z e d  i n  d e t a i l  t o  i d e n t i f y  f a i l u r e s  t h a t  would a f f e c t  u n d e r c o o l i n g  
and o v e r c o o l i n g  t r a n s i e n t s  and t h e  o p e r a b i l i t y  o f  p l a n t  sa fe ty  s y s t e m s .  
The sys t em was a n a l y z e d  based on t h e  c o n f i g u r a t i o n  i n  use a t  C a l v e r t  
C l i f f s .  A s  o r i g i n a l l y  d e s i g n e d ,  i t  was i n t e n d e d  t o  s e r v e  as a r e a c t o r  
power c o n t r o l l i n g  sys t em.  I t  was t o  have  a u t o m a t i c  c o n t r o l  e lement  
d r i v e  c a p a b i l i t i e s ,  a l o n g  w i t h  a c o u p l e d  v a r i a b l e  p r e s s u r i z e r  l i q u i d  
volume change  s i g n a l  t o  t h e  p r e s s u r i z e r  l e v e l  c o n t r o l  s y s t e m  and an  RCS 
t e m p e r a t u r e  s i g n a l  t o  a c t u a t e  t h e  a t m o s p h e r i c  dump and t u r b i n e  bypass  
v a l v e s '  c o n t r o l  c i r c u i t s  f o l l o w i n g  t u r b i n e  t r i p .  

Although t h e  a u t o m a t i c  c o n t r o l  e l emen t  a s sembly  ( C E A )  c o n t r o l  f e a t u r e  
h a s  been  removed, t h e  R R S  c o n t i n u e s  t o  p r o v i d e  p r e s s u r i z e r  l e v e l  and 
steam dump v a l v e  a u t o m a t i c  c o n t r o l  s i g n a l s  and alarm s i g n a l s .  The R R S  
p r o c e s s e s  RCS temperature and t u r b i n e  p r e s s u r e  s i g n a l s  t o  g e n e r a t e  these 
c o n t r o l  and alarm s i g n a l s .  

4.2.2.5.1 S i g n i f i c a n t  r e s u l t s .  Dur ing  power o p e r a t i o n ,  f a i l u r e s  
of RRS components o r  i n p u t s  were found t o  have  minimal e f f e c t .  F a i l u r e  
can  r e s u l t  i n  a m o d i f i e d  p r e s s u r i z e r  l e v e l  s e t  p o i n t  and s p u r i o u s  alarms 
t h a t  may r e s u l t  i n  t h e  o p e r a t o r  manua l ly  c h a n g i n g  r e a c t o r  and t u r b i n e  
power l e v e l .  However, r e a c t o r  o r  t u r b i n e  t r i p  is n o t  e x p e c t e d  as a 
consequen t  e f f e c t .  

F a i l u r e  i n  t h e  steam dump demand c i r c u i t s  o r  t h e i r  R C S  t e m p e r a t u r e  
i n p u t s  can  g e n e r a t e  a s i g n a l  t h a t  would open t h e  a t m o s p h e r i c  dump and 
t u r b i n e  bypass  v a l v e s  f o l l o w i n g  t u r b i n e  t r i p  ( t h e  s i g n a l  is b locked  



T a b l e  4.5. Reactor  c o o l a n t  p r e s s u r e  r e g u l a t i n g  sys tem FMEA summary 

F a i l u r e  Poss ib l e  Causes Effects Remedial Act ions  

1. P res su re  Trans- 1. Loss of power on 
mitter (PT-IOOY or 
PT-100X) F a i l s  Low (1YO1 or l Y O 2 )  

o p e r a t i n g  v i t a l  bus  

2. LOSS O f  PCWW to 
t r a n s m i t t e r  ( f a u l t e d  
wires, etc.) 

3. I n t e r n a l  t r a n s m i t t e r  
oomponents f a i l  

A zero c u r r e n t  demand Swi tch  to a l t e r n a t e  regu- 
s i g n a l  w i l l  be produced l a t i n g  channel ( X  or Y )  t o  
i n d i c a t i n g  a lou p r e s s u r e  u t i l i z e  ope rab le  a l t e r n a t e  
cond i  t ion .  P res su r l z  er t r a n s m i t t e r .  A l s o  u t i l i z e  
s p r a y  va lves  w i l l  close, manual c o n t r o l  of heaters and/ 
a l l  p r e s s u r i z e r  heaters or spray ,  as requi red .  
w i l l  ene rg ize  and a low 
p r e s s u r e  alarm w i l l  
annunciate.  Actual pres- 
s u r e  w i l l  i n c r e a s e  due t o  
h e a t e r  opera t ion ,  whlch 
w i l l  cause  t h e  PORVs to  
l i f t .  I f  f a u l t  is loss 
of v i t a l  power and pres- 
s u r i z e r  l e v e l  r e g u l a t i n g  
system is on same bus, a l l  
h e a t e r s  w i l l  de-energize on 
a fa lse  1-10 l e v e l  s i g n a l .  
The spray  va lves  w i l l  still  
be c losed  and a low pres- 
s u r e  a l a r m  w i l l  still 
annunoia te ,  bu t  no t r a n s i e n t  
w i l l  develop. If a h igh  
p r e s s u r e  t r a n s i e n t  d i d  de- 
velop, manual response  would 
be r equ i r ed  to open s p r a y  
valves.  If low p r e s s u r e  
existed, t h e  heaters could  
not be energized a s  re- 
q u i r e d ,  even manually. A 
d e c r e a s e  i n  p r e s s u r e  would 
o c c u r  w i t h  a n  even tua l  



F a i l u r e  Poss ib l e  Causes Effects Remedial Aotions 
______~_____---___-_______-________I__________-______I__--c----- 

thermal  margln/low p r e s s u r e  
reactor t r i p .  

2. P r e s s u r e  Trans- 1. 
mitter (PT-1OOY or 
PT-100X) F a l l s  High 

2. 

3. P r o p o r t i o n a l  
C o n t r o l l e r  
( Pl C-1 OOY or 
P1C-1OOX) F a l l s  
High 

1. 
2. 

Power supply  regu- 
l a t o r  f a i l s  due  to  
power su rge  
I n t e r n a l  t r ansml t t er 
components .fall 

Power s u r g e  
Component s h o r t  or 
arcing or o t h e r  
i n t e r n a l  component 
fa i lure  

Spray v a l v e s  w i l l  open 
f u l l y ,  a l l  h e a t e r s  w i l l  
de-energize,  and h igh  pres- 
s u r e  a la rm w i l l  annuncia te .  
Actual p r e s s u r e  w i l l  de- 
crease due  t o  375 gpm s p r a y  
flow a t  5480F. Reactor 
t r i p  w i l l  have  occur red  by 
1750 p s i a  from thermal 
margin / lou  p r e s s u r e  t r i p  
(assume RT p r e s s u r e  t r ans -  
mitters are s e p a r a t e  from 
r e g u l a t i n g  system t r ans -  
mitter). 

P r e s s u r i z e r  sp ray  v a l v e s  
are opened and p r o p o r t i o n a l  
h e a t e r s  are de-energized. 
P res su re  d e c r e a s e  i n  pres -  
s u r i z e r ,  which cannot  be 
o f fse t  by b a c h p  h e a t e r s .  
Lou p r e s s u r e  alarm w i l l  
annuncia te .  Eventua l  
thermal margin/low pres- 
s u r e  r e a c t o r  t r i p .  P re s su re  
may con t inue  t o  drop. A t  
1600 p s i a  s a f e t y  i n j e c t i o n  
s i g n a l  w i l l  a c t u a t e .  

Switch to  a l ternate  r e g u l a t i n g  
channel  (X or Y )  t o  U t i l i z e  
o p e r a b l e  a1 ternate transmitter. 
Isolate s p r a y  w i t h  manual 
c o n t r o l l e r  and manually ener- 
gize h e a t e r s  as requ i r ed .  

A 

0 
W 

Isolate sp ray  wi th  manual 
con t ro l .  U t i l i ze  a l te rna te  
r e g u l a t i n g  channel  for 
cont inued  ope ra t ion .  



-- Table 4.5 (continued) ------ I--- --------- 
Failure Possible Causes Effects Remedial Aotions 

4.  Spray Valve 1. Pcwer surge Pressurizer spray f a i l s  on Isolate  spray w i t h  manual 
Controller 2. Component short (375 gpm max) . Pressure control. 
( 1 Y O 9 )  Fails  or arcing or decrease i n  pressurizer 
High other internal which cannot be offse t  by 

component iaul t heaters. Lou pressure 
alarm w i l l  annunciate. 
Eventual thermal  margin/ 
l o w  pressure reactor t r i p  
w i l l  occur. Pressure may 
oontinue to  drop. A t  1600 
ps i a  safety inject ion signal 
w i l l  actuate. 

5. Loss OP Non-Vital 1. LOSS of pover to  bus Pressurizer spray valves Energize backup heaters 2 

Power on Bus 1YO9 2. Fault on bus  w i l l  close and backup manually (with handswitch) as F 
0 

heaters w i l l  de-energize. required t o  restore pressure. 
Proportional heaters w i l l  
a lso f a i l  o f f .  Low pressure 
transient w i l l  develop. 
May get low pressure alarm. 
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u n l e s s  t h e  t u r b i n e  is i n  a t r i p p e d  s t a t e ) .  Thus ,  i f  a RCS h i g h  Tavg was 
g e n e r a t e d  due  t o  a n  RRS f a i l u r e  and the t u r b i n e  s u b s e q u e n t l y  t r i p p e d ,  an  
o v e r c o o l i n g  t r a n s i e n t  e q u i v a l e n t  t o  a small steam l i n e  break would 
o c c u r .  

S p e c i f i c  f a i l u r e s  o f  t h e  R R S  and t h e i r  e f fec ts  are l i s t e d  i n  
Table 4.6. 

4 .2 .2 .6  FMEA o f  t h e  Condensa te  and Main Feedwater  System. A FMEA of  
t h e  c o n d e n s a t e  and MFW sys t em was per formed t o  i d e n t i f y  t h e  impact o f  
component f a i l u r e s  on R C S  u n d e r c o o l i n g  and o v e r c o o l i n g ,  SG o v e r f i l l ,  and  
o p e r a t i o n  o f  s t a n d b y  s a f e t y  s y s t e m s .  The FMEA i d e n t i f i e d  component 
f a i l u r e s  t h a t  would a f f e c t  S G  o v e r f i l l  and R C S  u n d e r c o o l i n g .  S p e c i f i c  
major  f a i l u r e s  l e a d i n g  t o  S G  o v e r f i l l  and R C S  u n d e r c o o l i n g  are 
i d e n t i f i e d  i n  Table  4 .7 ,  which i s  a summary o f  t h e  FMEA per formed f o r  
t h e  c o n d e n s a t e  and MFW s y s t e m .  The de t a i l ed  FMEA of  t h i s  s y s t e m  can  be 
found i n  t h e  Appendix C .  Each major SG o v e r f i l l  and R C S  u n d e r c o o l i n g  
f a i l u r e  i d e n t i f i e d  is d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n ,  and a 
s i m p l i f i e d  d e s c r i p t i o n  o f  the  c o n d e n s a t e  and MFW s y s t e m  can  be found i n  
Appendix B. 

4.2.2.6.1 S i g n i f i c a n t  r e s u l t s .  The FMEA per formed on t h e  
c o n d e n s a t e  and MFW s y s t e m  i d e n t i f i e d  f i v e  i m p o r t a n t  f a i l u r e  modes, three 
o f  which i n v o l v e  p o t e n t i a l  o v e r f i l l  o f  t he  S G .  The o t h e r  two f a i l u r e  
modes i n v o l v e  p o t e n t i a l  R C S  u n d e r c o o l i n g  r e s u l t i n g  from f a i l u r e  t o  
p r o v i d e  a d e q u a t e  FW t o  t h e  SGs. 

Steam g e n e r a t o r  o v e r f e e d i n g  w i l l  o c c u r  i f  t h e  FW r e g u l a t i n g  v a l v e  f a i l s  
o p e n ,  o r  i f  t h e  FW r e g u l a t i n g  v a l v e  f a i l s  t o  c l o s e  f o l l o w i n g  a r e d u c t i o n  
i n  FW demand ( e .g . ,  r e a c t o r  t r i p ) .  SG o v e r f i l l  w i l l  a l s o  o c c u r  i f  t h e  
o p e r a t o r  f a i l s  t o  o v e r r i d e  t h e  bypass  v a l v e  f o r  an ex tended  p e r i o d  
f o l l o w i n g  t u r b i n e  t r i p .  F a i l i n g  t h e  c o n t r o l  v a l v e  open would be  
e x p e c t e d  t o  have  a greater impact  a t  lower  r e a c t o r  power l e v e l s ,  whi le  
f a i l u r e  t o  c l o s e  would be more s e v e r e  a t  h i g h e r  r e a c t o r  power l e v e l s .  
Below 15% power,  t h e  smaller diameter b y p a s s  FW r e g u l a t i n g  v a l v e  
a u t o m a t i c a l l y  c o n t r o l s  FW f low t o  m a i n t a i n  S G  l e v e l .  The impact  o f  
bypass  v a l v e  f a i l u r e  i n  t h e  open p o s i t i o n  is n o t  e x p e c t e d  t o  r e s u l t  i n  a 
r a p i d  o v e r f i l l  t r a n s i e n t  b e c a u s e  t he  r e l a t i v e l y  s low t r a n s i e n t  g i v e s  t h e  
o p e r a t o r  more time t o  t a k e  manual remedial a c t i o n s .  

F a i l u r e  o f  e i ther  FW r e g u l a t i n g  v a l v e  i n  t h e  open p o s i t i o n  c o u l d  o c c u r  
due t o :  

1 .  mechan ica l  f a i l u r e  o f  v a l v e  o r  o p e r a t o r ,  
2. c o n t r o l l e r  f a i l u r e  opens  v a l v e ,  o r  
3. e r r o n e o u s  i n p u t s  t o  t h e  c o n t r o l l e r .  

I f  one  of t h e  MFW r e g u l a t i n g  v a l v e s  f a i l s  open ,  t h e  o p e r a t o r  may be ab le  
t o  manua l ly  c o n t r o l  t h e  main v a l v e  o r  c l o s e  t h e  moto r -ope ra t ed  i s o l a t i o n  
v a l v e  and i s o l a t e  t h e  a f fec ted  SG. The o p e r a t o r  may a l s o  t r i p  t h e  MFW 
pumps, wh ich  would r e su l t  i n  a u t o m a t i c  a c t u a t i o n  of t h e  AFW sys t em on 



F a i l  u r e  P o s s i b l e  Causes Effects Remedial Actions 

1. Quick Opening 1. B i s t a b l e  f a i l s  h igh  P l a c e s  t h e  t u r b i n e  bypass Hanual ly  close or isolate 
v a l v e s  and the  a tmospher ic  open va lves .  

fa i led state such  t h a t  fol-  

v a l v e s  would be opened and 
would remove more heat than 
r e q u i r e d  by t h e  RCS cond i t ions .  

Bistable P a i l  u r e a  
High or Tav Error steam dump v a l v e s  i n  a 

H i *  lowing t u r b i n e  t r i p  t h e  
( T a r  Tref )  F a i l s  



Table 4.7. Main feedwater a n d  c o n d e n s a t e  FMEA summary 

1. Feedwater Regulat ing 1. Hechanical  F a i l u r e  
Valve (FW 1111 or of Valve or Operator  
1121) F a i l s  Open 

2. C o n t r o l l e r  F a i l u r e  (FC 
1111) Opens Valve 

3. 5-roneous C o n t r o l l e r  
I n p u t s  

2. Peedwater Regulat ing 1. Hechanical  F a i l u r e  
Valve (Fv 1111 or of Valve or Operator 
1121) F a i l s  t o  Close 
Following Turbine 2. Loss of Pneumatic 
p i p  Supply While Valve is 

Open 

a. Loss o f  Ins t rument  
Air Supply 

Effects Remedial Act ions 

SO level i n c r e a s e s  i n i t i a -  
t i n g  t u r b i n e  and r e a c t o r  
t r i p .  P r i o r  to  t u r b i n e  
t r i p ,  o v e r f i l l  o f  the SG may 
r e s u l t  i n  ca r ryove r  of 
moi s tu re  i n t o  the  main t u r -  
b ine ,  caus ing  t u r b i n e  blade 
e r o s i o n  and/or  f a i l u r e .  
Fol lowing t u r b i n e  t r i p ,  the  
r e g u l a t i n g  v a l v e  w i l l  be 
s i g n a l e d  t o  close and the 
bypass  opened. SG o v e r f i l l  
p o t e n t i a l  e x i s t s  i f  the  
v a l v e  remains open. Sub- 
s t a n t i a l  I n j e c t i o n  of water 
i n t o  steam l i n e s  could 
j e o p a r d i z e  steam l i n e  
i n  t e g r  I t y  . 

Operator  should  a t t e n p t  to  
th ro t t le  the va lve  manually if 
p o s s i b l e  and, if requ i red ,  t r i p  
t h e  main feedwater pumps man- 
u a l l y  to  prevent  SG o v e r f i l l .  
Confirm subsequent  au tomat i c  
i n i t i a t i o n  of a u x i l i a r y  feed- 
water. Operator  should 
manually o v e r r i d e  the con- 
troller i f  i t  is the problem. 
Opera tor  also may attempt to 
isolate or c o n t r o l  flow u s i n g  

valve.  

A 

0 t h e  motor opera ted  i s o l a t i o n  -a 

Following reactor t r i p ,  SG Operator should a t tempt  t o  
l e v e l  w i l l  i nc rease .  Unless t h r o t t l e  t h e  va lve  manually 
c o n t r o l l e d ,  t h e  SG overfeed  and, i f  r equ i r ed ,  t r i p  t h e  main 
w i l l  r e s u l t  i n  i n j e c t i o n  of 
water i n t o  the steam l i n e s .  f l l l i n g  SG. Confirm the sub- 
Extens ive  i n j e c t i o n  could 
j e o p a r d i z e  steam l i n e  a u x i l  i a r y  feedwater. 
i n t e g r i t y .  

feedwater pumps p r i o r  to  over- 

sequent  au tomat ic  i n i t i a t i o n  Of 



--- Table 4.7 (continued) ------ 
------------------_________I___-__------------ 

Poss ib l e  Causes Ef  f eo  ts Remedial Act ions F a i l u r e  ---- ---- --------- --------------- --- 
b. Isolation of  

Pneumatia Supply 
Due t o  Solenoid 
Valve F a i l u r e  or 
F a i l u r e  of 120 VAC 
Buses YO9 or Y10 

3.  

3. Feedwater Regula t ing  1. 
Bypass Valve (Fw 
1105, 1106) Remains 
Open Following 
Reactor/Turbine T r i p  

2. 

3. 

C o n t r o l l e r  (FC 1111, 
1121) F a i l s  t o  Close 
Valve 

Cont ro l  Room Operator  
F a i l s  t o  T h r o t t l e  
Bypass Valve Manually 
Following Reactor  T r i p  

Hechanioal F a i l u r e  of  
Valve or Operator  

C o n t r o l l e r  ( L I C  1105, 
1106) F a i l s  

Fol lowing reactor t r i p ,  the Opera tor  should th ro t t le  bypass  
main feedwater r e g u l a t i n g  va lve  manually i f  poss ib l e .  If 
v a l v e s  close and the bypass  r e q u i r e d ,  i s o l a t e  f l o w  pa th  or 
open to main ta in  5% flow. 4 t r i p  main feedwater pumps p r i o r  0 

CD As t h e  r e s i d u a l  heat genera- t o  SG o v e r f i l l .  
t e d  i n  the co re  decreases, 
t h e  SC l e v e l  w i l l  begin to  
i n c r e a s e  slowly. The con- 
t ro l  roan opera to r  is re- 
r e q u i r e d  t o  t h r o t t l e  the 
bypass  v a l v e s  manually t o  
ma in ta in  SG l e v e l .  If the  
v a l v e s  are n o t  t h r o t t l e d ,  SG 
o v e r f i l l  could  occur. 



Table 4.7 ( c o n t i n u e d )  - - __. - 
F a i l u r e  Poss i  b l  e Causes Effects Remedial Aotlona 

---- ----- - ----- 
Ea&dPrGQQuDg 

4. Degraded Feedwater 1. LOSS of 13 kV S e r v i c e  
Flow t o  Steam Bus 11 Coupled With 
Generator  Loss of Diesel 

Genera tor  Power 

5. Degraded Feedwater 1. Loss of 4 kV Bus 11 
Flow to Steam Resu l t ing  i n  I s o l a t i o n  
Genera tor  of  t h e  13 kV S e r v i c e  

Bus 11 From t h e  500 kV 
Bus 

T r i p s  Condensate and Conden- 
a a t e  Booster pump r e s u l t i n g  
i n  t h e  loss of main feed-  
wa te r  flow. It a l s o  t r i p s  
motor d r i v e n  a u x i l i a r y  
feedwater  pump. Steam 
d r i v e n  a u x i l i a r y  feedwater 
pump is n o t  impacted. 

T r i p s  Condensate and Conden- 
sate Booster  pump r e s u l t i n g  
i n  the  l o s s  of main feed- 
water flow. It also f a i l s  
t o  pouer motor d r i v e n  
a u x i l i a r y  feedwater  pump. 
Steam d r i v e n  a u x i l i a r y  feed-  
water pump is n o t  impacted. 

Res tore  bus. 

Restore  bus. 
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low S G  l e v e l .  If t h e  o p e r a t o r  f a i l s  t o  t r i p  t h e  MFW pumps, no a u t o m a t i c  
t r i p  o f  t h e  FW pump t u r b i n e s  upon h i g h  SG l e v e l  would o c c u r .  

I t  s h o u l d  be n o t e d  t h a t  f a i l u r e  o f  t h e  FW bypass  v a l v e  ( above  15% power) 
i n  t h e  open p o s i t i o n  would cause S G  o v e r f i l l  o n l y  i f  t h e  FW r e g u l a t i n g  
v a l v e  c o n t r o l l e r  f a i l e d  t o  compensa te  as d e s i g n e d .  

F o l l o w i n g  t u r b i n e  t r i p ,  t h e  FW r e g u l a t i n g  v a l v e  is s i g n a l l e d  t o  c l o s e .  
F a i l u r e  o f  e i t h e r  FW r e g u l a t i n g  v a l v e  t o  c l o s e  c o u l d  o c c u r  due  t o  

1 .  mechan ica l  f a i l u r e  o f  v a l v e  or o p e r a t o r ,  
2. loss  o f  pneumat i c  s u p p l y  whi le  v a l v e  is open ,  o r  
3. f a i l u r e  o f  t h e  c o n t r o l l e r  t o  c l o s e  t h e  v a l v e .  

Loss o f  i n s t r u m e n t  a i r  o r  f a i l u r e  o f  120-V ac c o n t r o l  power w i l l  r e su l t  
i n  c l o s u r e  o f  t h e  pneumat i c  s u p p l y  and d ischarge  v a l v e s  on t h e  
r e g u l a t i n g  v a l v e  o p e r a t o r s .  The main and bypass  FW r e g u l a t i n g  v a l v e s  
would t h e n  f a i l  i n  t h e  "as is" p o s i t i o n .  The o p e r a t o r  has  t h e  o p t i o n  o f  
manua l ly  c o n t r o l l i n g  t h e  FW r e g u l a t i n g  v a l v e s  o r  t r i p p i n g  t h e  FW pumps. 
If n e c e s s a r y  t o  c o n t r o l  S G  l e v e l ,  t h e  o p e r a t o r  may t r i p  t h e  MFW pumps 
and v e r i f y  t h e  i n i t i a t i o n  and c o n t r o l  o f  AFW. 

When t h e  t u r b i n e  t r i p s ,  t h e  FW r e g u l a t i n g  v a l v e s  are  c l o s e d  and  t h e  
b y p a s s  v a l v e s  are opened by  t h e  t r i p  se t  c o n t r o l l e r  t o  p e r m i t  5% of 
t o t a l  FW f l o w  t o  t h e  SGs. T h i s  a c t i o n  p e r m i t s  decay heat removal  from 
t h e  c o r e .  I f  t h e  b y p a s s  v a l v e  r e m a i n s  open  f o r  an  e x t e n d e d  p e r i o d ,  S G  
o v e r f i l l  may r e s u l t .  The v a l v e  c o u l d  r e m a i n  open due t o  

1 .  o p e r a t o r  f a i l u r e  t o  t h r o t t l e  t h e  bypass  v a l v e ,  
2. m e c h a n i c a l  f a i l u r e  o f  v a l v e  o r  o p e r a t o r ,  o r  
3. f a i l u r e  o f  t r i p  s e t  c o n t r o l l e r  (FC 1211 ,  1221 ) .  

The o p e r a t o r  s h o u l d  p e r i o d i c a l l y  o b s e r v e  t he  S G  l e v e l  f o l l o w i n g  t u r b i n e  
t r i p .  A s  t h e  r e s i d u a l  heat  g e n e r a t e d  i n  t h e  c o r e  decreases, t h e  SG 
l e v e l  w i l l  s l o w l y  i n c r e a s e .  A s  the  S G  l e v e l  rises, t h e  o p e r a t o r  s h o u l d  
manua l ly  o v e r r i d e  t h e  t r i p  se t  c o n t r o l l e r  and t h r o t t l e  t h e  bypass  v a l v e  
t o  p r e v e n t  SG o v e r f i l l .  

The spec i f i c  e f fec ts  o f  a S G  o v e r f i l l  i n c l u d e  damage t o  main steam 
s a f e t y  and t u r b i n e  bypass  v a l v e s  and i n c r e a s e d  stresses on t h e  main 
steam l i n e s  and  t h e i r  s u p p o r t s .  Although t h e  e f f e c t s  o f  i n c r e a s e d  
stresses, i n t e n s i f i e d  by t h e  o p e n i n g  and c l o s i n g  o f  t u r b i n e  b y p a s s  or 
s a f e t y  v a l v e s ,  have  n o t  been a n a l y z e d  i n  d e t a i l ,  t he  c o n d i t i o n a l  
p r o b a b i l i t y  o f  c o n s e q u e n t i a l  steam l i n e  f a i l u r e  would be i n c r e a s e d .  
M o i s t u r e  c a r r y o v e r  t o  t h e  t u r b i n e  can  a d v e r s e l y  a f fec t  t u r b i n e  l i f e  due 
t o  t u r b i n e  b lade  e r o s i o n ,  b u t  i n  most cases the  t u r b i n e  s t o p  v a l v e s  w i l l  
p r o t e c t  t h e  t u r b i n e  f rom m o i s t u r e  c a r r y o v e r .  

The o p e r a t o r  is an  i m p o r t a n t  component i n  c o n t r o l  o f  t h e  c o n d e n s a t e  and  
FW sys t em.  O p e r a t o r  a c t i o n  o r  f a i l u r e  t o  take a c t i o n  can  i n f l u e n c e  t h e  
s e v e r i t y  and  c o u r s e  o f  a t r a n s i e n t .  The f o l l o w i n g  p a r a g r a p h s  summarize 
t h e  a c t i o n s  t h e  o p e r a t o r  s h o u l d  take  f o l l o w i n g  i m p o r t a n t  f a i l u r e s .  
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I n  t h e  case of S G  o v e r f i l l ,  t h e  o p e r a t o r  s h o u l d  s u s p e c t  a p o t e n t i a l  
o v e r f i l l  when h i g h  SG l e v e l  is a n n u n c i a t e d .  The o p e r a t o r  s h o u l d  
d e t e r m i n e  t h e  c a u s e  of t h e  r i s i n g  l e v e l  and take a p p r o p r i a t e  a c t i o n  
i n c l u d i n g  

1 .  manual ly  c l o s i n g  t h e  FW r e g u l a t i n g  v a l v e ,  
2. t r i p p i n g  t h e  S G  FW pump, o r  
3. c l o s i n g  t h e  MFW i s o l a t i o n  v a l v e .  

If t h e  l e v e l  c o n t i n u e s  t o  r i s e ,  t h e  o p e r a t o r  s h o u l d  t r i p  o r  v e r i f y  t h e  
a u t o m a t i c  t r i p  of  t h e  main t u r b i n e .  Each S G  has  a two-out -of - four  l o g i c  
d e v i c e  t h a t  a u t o m a t i c a l l y  t r i p s  t he  t u r b i n e  when t h e  h i g h  l e v e l  l i m i t  on 
two of f o u r  s e n s o r s  is exceeded .  T h i s  d e v i c e  t r a n s m i t s  a s i g n a l  t o  a 
s i n g l e  OR g a t e  t h a t  a c t u a t e s  a s i n g l e  r e l a y ,  which i n  t u r n  t r i p s  the  
t u r b i n e .  If e i ther  of  these d e v i c e s ,  t h e  OR g a t e  o r  t h e  r e l a y ,  is i n  
t h e  u n d e t e c t e d  f a i l e d  s t a t e ,  t h e  t u r b i n e  t r i p  s i g n a l  w i l l  n o t  be 
g e n e r a t e d .  

I n  t h e  case o f  l o s s  o f  MFW R C S  u n d e r c o o l i n g ,  t h e  o p e r a t o r  s h o u l d  
d i a g n o s e  a f a i l u r e  i n  t h e  c o n d e n s a t e  and  MFW sys t em upon low S G  l e v e l  
a n n u n c i a t i o n .  The o p e r a t o r  s h o u l d  d e t e r m i n e  t h e  c a u s e  of t h e  f a l l i n g  
l e v e l  and take  a p p r o p r i a t e  a c t i o n  i n c l u d i n g  

1 .  manual ly  o p e n i n g  t h e  FW r e g u l a t i n g  v a l v e ;  
2. r e s t a r t i n g  t r i p p e d  pumps, i f  p o s s i b l e ;  or 
3. v e r i f y i n g  a u t o m a t i c  a c t u a t i o n  or manua l ly  a c t u a t i n g  AFW. 

If t h e  o p e r a t o r ' s  a c t i o n s  t o  r e s t o r e  MFW flow are  u n s u c c e s s f u l ,  t h e  
o p e r a t o r  s h o u l d  a c t u a t e  or v e r i f y  a u t o m a t i c  a c t u a t i o n  of t h e  AFW flow. 

Two power f a i l u r e s  have been i d e n t i f i e d  t h a t  r e s u l t  i n  f a i l u r e  t o  s u p p l y  
FW t o  t h e  SGs,  which  i n  t u r n  may c o n t r i b u t e  t o  R C S  u n d e r c o o l i n g .  The 
l o s s  o f  e l e c t r i c  power t o  t h e  c o n d e n s a t e  o r  t h e  c o n d e n s a t e  b o o s t e r  pumps 
w i l l  r e s u l t  i n  f a i l u r e  of t h e  c o n d e n s a t e  f low and s u b s e q u e n t  MFW pump 
t r i p  on  low s u c t i o n  p r e s s u r e .  The l o s s  of  e l e c t r i c  power t o  t h e  
m o t o r - d r i v e n  AFW pump w i l l  degrade t h e  f l o w  o f  AFW t o  t h e  SGs. I n  order 
t o  f a i l  t h e  MFW f low and degrade t h e  AFW f l o w ,  t h e  f o l l o w i n g  power 
f a i l u r e s  must o c c u r :  

1 .  f a i l u r e  of 13-kV S e r v i c e  Bus 1 1  coup led  w i t h  l o s s  of D G  4-kV power 

2. f a i l u r e  o f  4-kV Bus 1 1 ,  r e s u l t i n g  i n  i s o l a t i o n  of l3-kV S e r v i c e  Bus 
g e n e r a t i o n ,  or  

1 1  f rom t h e  500-kV bus .  

The o p e r a t o r ' s  remedial a c t i o n s  are t o  v e r i f y  t h e  o p e r a b i l i t y  of t h e  
s t eam-dr iven  AFW pump and  a s s o c i a t e d  v a l v e s ,  res tore  t h e  f a i l e d  b u s ,  o r ,  
i f  r e q u i r e d ,  c r o s s - c o n n e c t  AFW from U n i t  2. 

I t  s h o u l d  be n o t e d  t h a t  t h e  s t eam-dr iven  AFW pumps and c o n t r o l  v a l v e s  
would n o t  be a f f e c t e d  by these f a i l u r e s .  The AFW c o n t r o l  v a l v e s  are a i r  
o p e r a t e d  ( a c c u m u l a t o r  backed)  and  c o n t r o l l e d  by 125-V dc  s o l e n o i d  v a l v e s .  
These v a l v e s  f a i l  open  on  loss  of a i r ,  p e r m i t t i n g  f low o f  AFW t o  t h e  
SGs. 
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Other f a i l u r e s  a f f e c t i n g  R C S  u n d e r c o o l i n g  i n  t h e  c o n d e n s a t e  and MFW 
s y s t e m  have  been  i d e n t i f i e d .  Al though these f a i l u r e s  a f f ec t  water f l o w ,  
AFW f low r e m a i n s  a v a i l a b l e .  A f a i l u r e  t h a t  c u r t a i l s  t h e  s u p p l y  o f  MFW 
t o  t h e  S G ,  w i l l  c a u s e  t h e  l e v e l  i n  t h e  SG t o  d r o p  u n t i l  t h e  AFW pumps 
can  b e g i n  t h e  r e f i l l .  The r e a c t o r  is a l s o  t r i p p e d  upon low SG l e v e l .  
Emergency O p e r a t i n g  P r o c e d u r e  EOP-3, Loss o f  Main F e e d w a t e r , "  was 
rev iewed  and  found  t o  be c o n s i s t e n t  w i t h  t h e  i n f o r m a t i o n  descr ibed  here 
r e g a r d i n g  f a i l u r e  modes and o p e r a t o r  remedial a c t i o n .  Detailed FMEA 
resu l t s  f o r  t h e  c o n d e n s a t e  and FW sys t em are  i n c l u d e d  i n  Appendix C .  

4 .2 .2 .7  FMEA o f  t h e  Feedwater R e g u l a t i n g  Sys tem 

4 .2 .2 .7 .1  S i g n i f i c a n t  r e s u l t s .  The p r i n c i p a l  f a i l u r e s  i n  t h e  FW 
r e g u l a t i n g  s y s t e m  i n v o l v e  t h e  p o t e n t i a l  f o r  o v e r f e e d i n g  t h e  SGs. Four 
s p e c i f i c  f a i l u r e s  l e a d i n g  t o  S G  o v e r f i l l  are i d e n t i f i e d  i n  T a b l e  4.8, 
which is a summary o f  t h e  FMEA f o r  t h e  FW r e g u l a t i n g  sys t em.  I t  s h o u l d  
be n o t e d  t h a t  some components i n  t h e  FW r e g u l a t i n g  s y s t e m  s u c h  as the  
s q u a r e  r o o t  e x t r a c t o r s ,  l e a d - l a g  u n i t s ,  and c o m p a r a t o r s  are n o t  e x p e c t e d  
t o  f a i l  a t  f r e q u e n c i e s  as h igh  as t h o s e  o f  o t h e r  components i n  t h e  
s y s t e m .  A s i m p l i f i e d  d e s c r i p t i o n  o f  t h e  FW r e g u l a t i n g  s y s t e m  can  be 
found  i n  Appendix B. 

The f a i l u r e  o f  t he  FW r e g u l a t i n g  c o n t r o l l e r  was a d d r e s s e d  g e n e r a l l y  i n  
t h e  MFW and c o n d e n s a t e  FMEA (Sect. 4 .2 .2 .6 ) .  S p e c i f i c  f a i l u r e s  o f  t h e  
FW r e g u l a t i n g  s y s t e m  are  addressed i n  d e t a i l  i n  t h i s  s e c t i o n .  

Steam g e n e r a t o r  o v e r f e e d i n g  may o c c u r  i f  t h e  FW r e g u l a t i n g  s y s t e m  s h o u l d  
f a i l  t h e  MFW r e g u l a t i n g  v a l v e  i n  t h e  open p o s i t i o n .  Again ,  f a i l i n g  t h e  
c o n t r o l  v a l v e  open would be e x p e c t e d  t o  have  a g r e a t e r  impact  on R C S  
o v e r c o o l i n g  a t  lower  reactor power l e v e l s ,  w h i l e  t h e  f a i l u r e  t o  c l o s e  
would be more s e v e r e  a t  h i g h e r  reactor power l e v e l s .  Below 15% power,  
t h e  smaller diameter b y p a s s  v a l v e s  are c o n t r o l l i n g  FW flow, s o  the  
impact o f  r e g u l a t i n g  s y s t e m  f a i l u r e  i n  t h e  open p o s i t i o n  is n o t  as 
immediate b e c a u s e  t h e  o p e r a t o r  has more time t o  r e s p o n d .  Also, S G  
" s h r i n k "  and "swellT1 ef fec ts  are  less l i k e l y  below 15% power,  p e r m i t t i n g  
clearer d i a g n o s i s  o f  t h e  problem by t h e  o p e r a t o r .  If t h e  o p e r a t o r  f a i l s  
t o  r e d u c e  t h e  FW f l o w ,  t h e  t u r b i n e  w i l l  t r i p  on h i g h  S G  l e v e l .  

Dur ing  power o p e r a t i o n ,  f a i l u r e  o f  one o f  t h e  two MFW c o n t r o l  v a l v e s  i n  
t h e  open p o s i t i o n  by t h e  r e g u l a t i n g  s y s t e m  c o u l d  o c c u r  due t o  

1 .  steam f l o w  t r a n s m i t t e r  f a i l i n g  h i g h ,  
2. FW f low t r a n s m i t t e r  f a i l i n g  low,  
3. downcomer l e v e l  t r a n s m i t t e r  f a i l i n g  low,  and 
4.  FW c o n t r o l l e r  o p e n i n g  t h e  r e g u l a t i n g  v a l v e .  

If one  of  t h e  FW r e g u l a t i n g  s y s t e m s  f a i l s  t h e  MFW r e g u l a t i n g  v a l v e  o p e n ,  
t h e  o p e r a t o r  c a n  t a k e  manual c o n t r o l  o f  t h e  v a l v e .  If  t h e  o p e r a t o r  
c a n n o t  a d e q u a t e l y  c o n t r o l  t he  f l o w  o f  FW t o  t h e  S G ,  t h e  t u r b i n e  s h o u l d  
be t r i p p e d  t o  p r e c l u d e  t u r b i n e  b l a d e  damage. I n  a d d i t i o n  t o  p r o t e c t i n g  
t h e  t u r b i n e ,  t u r b i n e  t r i p  a l s o  b l o c k s  s i g n a l s  from a m a j o r i t y  o f  t he  
FW r e g u l a t i n g  s y s t e m  c i r c u i t s  i n c l u d i n g  steam and FW f l o w  and S C  



F a l l u r e  P o s s i b l e  Causes Effects Remedial Act lona 

1. Feedwater C o n t r o l l e r  1. LOSB of Con t ro l  Pwer Valve s u p p l i e s  e x c e s s i v e  Opera tor  should  a t t empt  manual 
( Y O 1  and XO9, YO2 and feedwater flow to  steam o o n t r o l  or t r i p  t h e  main feed-  (FC1111, 1121 or 

(FC105, 1106) Y10) Valve Open g e n e r a t o r  p o s s i b l y  r e s u l t i n g  water pumps t o  p reven t  SC 
F a i l u r e  Opens Valve I n  SG o v e r f i l l .  P o t e n t i a l  ove r f  Ill. 

2. E l e c t r o n i c  F a i l u r e  f o r  ca r ryove r  t o  t u r b i n e  
caus ing  t u r b i n e  e r o s i o n  
e x i s t s  p r i o r  to  t u r b i n e  
t r i p .  
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downcomer l e v e l  i n p u t  s i g n a l s .  Due t o  t h e  a u t o m a t i c  t u r b i n e  t r i p  on 
h i g h  SG l e v e l  and  t h e  s u b s e q u e n t  a u t o m a t i c  c l o s u r e  o f  t h e  MFW r e g u l a t i n g  
v a l v e s ,  f a i l u r e s  i n  t he  steam and FW f low and downcomer l e v e l  c i r c u i t s  
are n o t  o f  s i g n i f i c a n t  conce rn .  

F a i l u r e s  i n  t h e  FW c o n t r o l l e r  o r  a s s o c i a t e d  manual c o n t r o l  s t a t i o n  can  
open  t h e  M F W  r e g u l a t i n g  v a l v e  or p r e v e n t  i ts  c l o s u r e .  These f a i l u r e s  
are  n o t  n e c e s s a r i l y  b l o c k e d  by t u r b i n e  t r i p  and  a r e  t h e r e f o r e  o f  g r e a t e r  
s i g n i f i c a n c e .  A s  i n d i c a t e d  i n  Table  4 . 8 ,  manual c o n t r o l  o f  the  v a l v e  is 
p o s s i b l e  f o r  some f a i l u r e s .  However, i f  S G  l e v e l  c a n n o t  be c o n t r o l l e d  
i n  t h i s  way, t h e  o p e r a t o r  must t r i p  t h e  M F W  pumps o r  c l o s e  t h e  FW 
i s o l a t i o n  v a l v e  t o  p r e v e n t  S G  o v e r f i l l .  

Although S G  l e v e l  t r a n s m i t t e r  L T 1 1 1 1  (1121)  is r o u t i n e l y  used  by t h e  
r e g u l a t i n g  s y s t e m  d u r i n g  t h r e e - e l e m e n t  c o n t r o l  (above  15% p o w e r ) ,  a n  
a l t e r n a t e  l e v e l  t r a n s m i t t e r ,  LT1105 ( 1 1 0 6 ) ,  n o r m a l l y  u s e d  f o r  s i n g l e  
e l emen t  c o n t r o l ,  may be used  i n  t h e  e v e n t  o f  a f a i l u r e  o f  t h e  p r i m a r y  
t r a n s m i t t e r .  T h i s  p r o v i d e s  some redundancy  f o r  t h e  FW r e g u l a t i n g  
s y s  tem. 

F a i l u r e  o f  one  o f  t h e  two bypass  c o n t r o l  v a l v e s  i n  t h e  open p o s i t i o n  by 
t h e  r e g u l a t i n g  s y s t e m  c o u l d  o c c u r  i f  ( 1 )  t h e  downcomer l e v e l  t r a n s m i t t e r  
f a i l s  low,  o r  ( 2 )  t h e  FW bypass  v a l v e  c o n t r o l l e r  f a i l s  t h e  v a l v e  open .  

I f  one  of the  r e g u l a t i n g  s y s t e m s  f a i l s  the  bypass  v a l v e  o p e n ,  t h e  
o p e r a t o r  s h o u l d  manua l ly  c o n t r o l  the  v a l v e  i f  p o s s i b l e .  If a d e q u a t e  
c o n t r o l  o f  t he  FW f l o w  canno t  be m a i n t a i n e d ,  t h e  o p e r a t o r  s h o u l d  t r i p  
t h e  t u r b i n e  and  t h e  S G  f e e d  pumps t o  p r e v e n t  S G  o v e r f i l l .  F a i l u r e  of 
t h e  bypass  v a l v e  open  by t h e  r e g u l a t i n g  s y s t e m ,  w h i l e  t h e  main v a l v e  is 
o p e n ,  may n o t  r e s u l t  i n  SG o v e r f i l l  and RCS o v e r c o o l i n g  i f  t h e  MFW v a l v e  
can  modu la t e  c l o s e d  and  l i m i t  t h e  f l o w  r a t e  t o  t h e  S G .  

Al though l e v e l  t r a n s m i t t e r  LT1105 (1106)  is n o r m a l l y  used  by t h e  r e g u -  
l a t i n g  s y s t e m  d u r i n g  s i n g l e  e l emen t  c o n t r o l  (be low 15% power ) ,  a n  
a l t e r n a t e  t r a n s m i t t e r ,  LT1111 (1121)  may be used  i n  t h e  e v e n t  of a 
f a i l u r e  of t h e  p r i m a r y  t r a n s m i t t e r .  Again ,  t h i s  p r o v i d e s  some 
redundancy  f o r  t h e  FW r e g u l a t i n g  sys t em.  

The p r i n c i p a l  e f fec t  o f  f a i l u r e s  i n  t h e  FW r e g u l a t i n g  s y s t e m  on R C S  
u n d e r c o o l i n g  is the  p o t e n t i a l  f o r  f a i l i n g  t o  feed t h e  SGs. F o l l o w i n g  a 
f a i l u r e  t h a t  reduces t h e  s u p p l y  o f  MFW t o  t h e  SG, t h e  l e v e l  i n  t h e  SG 
w i l l  d r o p  u n t i l  t h e  AFW pumps can  b e g i n  a r e f i l l .  The r e a c t o r  is a l s o  
t r i p p e d  on low SG l e v e l  i n d i c a t i o n .  S p e c i f i c  FW r e g u l a t i n g  s y s t e m  
f a i l u r e s  c a n  r e s u l t  i n  t e r m i n a t i n g  t h e  s u p p l y  o f  FW t o  t h e  SG. However, 
these f a i l u r e s  do n o t  a f f ec t  AFW flow a n d ,  t h e r e f o r e ,  are o f  smaller 
s i g n i f i c a n c e .  Detailed r e s u l t s  o f  t h e  component l e v e l  FMEA o f  t h e  FW 
r e g u l a t i n g  s y s t e m  are i n c l u d e d  i n  Appendix C .  

4 .2 .2 .8  
T u r b i n e  Bypass C o n t r o l  System. A FMEA o f  t h e  main steam s y s t e m  was 
pe r fo rmed  t o  i d e n t i f y  t h e  impact  o f  component f a i l u r e s  on R C S  
u n d e r c o o l i n g  and o v e r c o o l i n g ,  S G  o v e r f i l l ,  and o p e r a t i o n  o f  s t a n d b y  

FMEA o f  t h e  Main Steam Sys tem and  Atmospher ic  Steam Dump 
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s a f e t y  s y s t e m s .  The FMEA i d e n t i f i e d  component f a i l u r e s  t h a t  would 
impact  s t a n d b y  s a f e t y  sys t ems  and R C S  o v e r c o o l i n g .  A t h i r d  c a t e g o r y  o f  
component f a i l u r e s  i n v o l v i n g  s i g n i f i c a n t  equipment damage was a l s o  
i d e n t i f i e d  by t h e  FMEA. S p e c i f i c  f a i l u r e s  l e a d i n g  t o  RCS o v e r c o o l i n g  
are i d e n t i f i e d  i n  Table  4.9, which is a summary o f  the  main steam sys t em 
FMEA. (The de ta i led  FMEA can  b e  found i n  Appendix C . )  The major  R C S  
o v e r c o o l i n g  f a i l u r e s  i d e n t i f i e d  by t h e  FMEA are d i s c u s s e d  i n  t h i s  
s e c t i o n ,  and a s i m p l i f i e d  d e s c r i p t i o n  o f  t h e  main steam sys t em can  be  
found i n  Appendix B. 

The a t m o s p h e r i c  steam dump and t u r b i n e  bypass  c o n t r o l  sys t em i n t e r f a c e s  
w i t h  t h e  main steam s y s t e m  t o  p r o v i d e  t h e  s i g n a l  t o  open t h e  t u r b i n e  
b y p a s s  and a t m o s p h e r i c  steam dump v a l v e s .  These s y s t e m s  are c l o s e l y  
r e l a t e d ,  and t h e i r  f a i l u r e  modes have  been a n a l y z e d  t o g e t h e r .  

4.2.2.8.1 S i g n i f i c a n t  r e s u l t s .  The s i g n i f i c a n t  f a i l u r e s  
i d e n t i f i e d  are t h o s e  which r e s u l t  i n  RCS o v e r c o o l i n g  due  t o  f a i l u r e  t o  
c l o s e  t u r b i n e  bypass  v a l v e s .  The f o u r  t u r b i n e  bypass  and two 
a t m o s p h e r i c  steam dump v a l v e s  are norma l ly  c l o s e d ,  b u t  are  opened t o  
r e l i e v e  excess main steam l i n e  p r e s s u r e  and p r o v i d e  c a p a b i l i t y  f o r  R C S  
cooldown. The t u r b i n e  b y p a s s  v a l v e s  have  a t o t a l  c a p a c i t y  of 40% of 
main steam f low (10% each) ,  and t h e  a t m o s p h e r i c  dump v a l v e s  have  5% 
( 2 . 5 %  each).  

F a i l u r e  t o  c l o s e  these  v a l v e s  once  t h e y  are opened  f o l l o w i n g  t u r b i n e  
t r i p  c a n  r e s u l t  i n  e x c e s s i v e  d e p r e s s u r i z a t i o n  o f  t h e  main steam sys t em.  
D e p r e s s u r i z a t i o n  o f  t h e  main steam s y s t e m  due t o  f a i l u r e  o f  t he  t u r b i n e  
bypass  v a l v e s  t o  c l o s e  r e s u l t s  i n  a n  i n i t i a l l y  u n c o n t r o l l e d  blowdown of 
t h e  SG i n v e n t o r y  (assuming t h e  t u r b i n e  has  t r i p p e d ) .  The e f f e c t  of t h e  
blowdown on t h e  RCS is a r a p i d  d r o p  i n  RCS p r e s s u r e  and t e m p e r a t u r e .  
The d r o p  i n  R C S  t e m p e r a t u r e  r e s u l t s  i n  a p o s i t i v e  r e a c t i v i t y  i n s e r t i o n  
i n  t h e  r e a c t o r  c o r e ,  which is  c o n t r o l l e d  by r e a c t o r  t r i p .  Un les s  
manua l ly  t e r m i n a t e d ,  t h e  d e p r e s s u r i z a t i o n  of t h e  SGs w i l l  r e s u l t  i n  
a u t o m a t i c  c l o s u r e  o f  t h e  main steam i s o l a t i o n  v a l v e s  ( M S I V )  which 
i s o l a t e s  t he  t u r b i n e  b y p a s s  v a l v e s .  

Similar e f f ec t s  r e s u l t  i f  t h e  t u r b i n e  bypass  v a l v e s  i n a d v e r t e n t l y  open 
d u r i n g  power o p e r a t i o n .  The i n c r e a s e d  steam f l o w  is e x p e c t e d  t o  r e s u l t  
i n  a r e a c t o r  and t u r b i n e  t r i p .  Once the  t u r b i n e  t r i p s ,  a d e p r e s s u r i z a -  
t i o n  o f  t h e  main steam s y s t e m  similar t o  t h a t  d e s c r i b e d  p r e v i o u s l y  would 
o c c u r .  

The t u r b i n e  bypass  v a l v e s  can  f a i l  open o r  f a i l  t o  c l o s e  as a r e s u l t  o f  
t he  f o l l o w i n g :  

1 .  mechan ica l  f a i l u r e  o f  v a l v e ;  
2. s o l e n o i d  v a l v e  f a i l s  t o  c l o s e ,  p r e v e n t i n g  i s o l a t i o n  o f  h i g h - p r e s s u r e  

3. c o n t r o l  c i r c u i t  f a i l u r e s ;  o r  
4. 

i n s t r u m e n t  a i r  ; 

Tavg e r r o r  f o l l o w i n g  t u r b i n e  t r i p  o r  p r e s s u r e  s i g n a l  f a i l u r e .  



Table 4.9.  Main steam, a t m o s p h e r i c  dump, a n d  t u r b i n e  b y - p a s s  s y s t e m s  FMEA summary 

Fai lure  

~~ 

Possible Causes 

~~ 

Effects Remedial Actions 

1. Turbine Bypass 
Valves (HS-3940, 

Fai l  to  Close 
3942, 3944, 3946) 

2. Turbine Bypass 
Valves (MS-3940, 

Open Inadvertently 
3942, 3944, 3946) 

3. Turbine Bypass 
Valves (US-3940, 

Fai l  to Open 
3942, 3944, 3946) 

1. 
2. 

3. 

4. 
5. 

1. 
2. 

3. 
4 .  

1. 
2. 

3. 
4. 
5. 

Hechanical Pailure 
Solenoid valves (MS- 

3947) f a i l  to close 
preventing is01 a t  i on 
of instrument a i r  
Tav error or pressure 
signal f a i l u r e  
I / P  converter Pai lure  
Control c i r c u i t  
f a i l u r e  

3941, 3943, 3945, 

Mechanical f a i l u r e  
Spurious Tav error or 
pressure s ignal  
I / P  converter f a i l u r e  
Control c i r c u i t  
f a l l u r e  

Mechanical f a i l u r e  
F a i l s  t o  receive 
s ignal  from So o u t l e t  
pressure and reactor  
regulat ing system 
I/P oonverter f a i l u r e  
Loss of dc bus 1 1  
Pressure transmitter 
f a i l s  

Substant ia l  depressurization Uanually olose valve, i f  
of steam generator could re- possible. Close i s o l a t i o n  
s u l t  i n  i n i t i a l  RCS over- valves or manually i n i t i a t e  
cooling. Each turbine WN olosure. 
bypass valve is able t o  pass 
105 of  f u l l  power steam 
flow. If depressurization 
continues, MSIV's w i l l  auto- 
matically c lose i s o l a t i n g  
the bypass valves. 

Substant ia l  depressurizat ion Manually close valve, i f  
of steam generator could re- possible. Take necessary 
s u l t  i n  i n i t i a l  RCS over- procedures to control and 
cooling. Each tu rb ine  reduce depressurizat ion 
bypass valve is able t o  pass including manually c los ing  
10% of Pu l l  power steam i s o l a t i o n  valves. 
flow. I P  depressurization 
continues, MSIV's w i l l  auto- 
matically close i s o l a t i n g  
t h e  bypass valves. 

Signif icant  f a i l u r e  i f  i t  Hanually open valve, i f  
becomes necessary Por possible. 
Turbine Bypass Valves to  
open i n  response to a small 
10CA. RCS could not be de- 
pressurized. 



T a b l e  4.9 ( c o n t i n u e d )  -- _------_I_----- -------- 
F a i l u r e  P o s s i b l e  Causes Effects Remedial Act ions  

---------------- --I_- ---- -- 

4.  Atmospheric Stew 
Dump Valves (HS 
3938, 3939) F a i l s  
t o  Open 

5 .  Combination of 
Turbine Bypass and 
Atmospheric Steam 
Dump Yalves F a i l  
t o  Open 

6 .  

1. 
2. 

3. 
4. 

1.  
2. 

3.  
4. 
5 .  

6. 

S igna l  a u c t i o n e e r i n g  
o i r c u i  t ( PY-$056 1 
fa i l s  

Mechanical f a i l u r e  
F a i l s  t o  r e c e i v e  
s i g n a l  from reactor 
r e g u l a t i n g  s y  8 t em 
I/P c o n v e r t e r  f a i l u r e  
Loss of  dc bus 11 

Mechanical f a i l u r e  
F a l l s  t o  r e c e i v e  
s i g n a l  from SC o u t l e t  
p r e s s u r e  and r e a o t o r  
r e g u l a t i n g  system 
I / P  c o n v e r t e r  f a i l u r e  
Loss of d c  bus 11 
Pressu re  t ransmi  t t e r  
fa i l s  
S igna l  a u c t i o n e e r i n g  
circuit (PY-4056) 
f a i l s  

S i g n i f i c a n t  f a i l u r e  i f  i t  Manually open va lve ,  i f  
beoomea necessa ry  f o r  t h e  
Steam Dump Valves  to  open 
i n  r e sponae  to  a small LOCA. 
RCS could  n o t  be depressu-  
r i z e d .  

p o s s i b l e .  

S i g n i f i c a n t  f a i l u r e  i f  i t  Manually open va lve ,  i f  
becomes necessa ry  for these p o s s i b l e .  
v a l v e s  to  open i n  response  
t o  a s m a l l  LOCA. RCS could  
n o t  be d e p r e s s u r i z e d .  
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The a t m o s p h e r i c  steam dump v a l v e s  are  s u b j e c t  t o  much t h e  same t y p e s  of 
f a i l u r e s  as t h e  t u r b i n e  b y p a s s  v a l v e s .  The p r i m a r y  d i f f e r e n c e  between 
the  two t y p e s  o f  v a l v e s ,  i n  a d d i t i o n  t o  c a p a c i t y ,  i s  the  a b s e n c e  of a n  
a c t u a t i o n  s i g n a l  t o  t h e  dump v a l v e s  from the  steam g e n e r a t i o n  p r e s s u r e  
t r a n s m i t t e r .  F a i l u r e  of the  a t m o s p h e r i c  steam dump v a l v e s  t o  c lose was 
n o t  c o n s i d e r e d  s i g n i f i c a n t  t o  t h i s  a n a l y s i s  b e c a u s e  of t h e  l i m i t e d  steam 
f l o w  c a p a c i t y  of each v a l v e .  Each v a l v e  is c a p a b l e  of p a s s i n g  o n l y  2.5% 
o f  t h e  t o t a l  steam f low.  If t h e  f a i l u r e  o c c u r r e d  d u r i n g  o p e r a t i o n ,  a 
r e a c t o r  and t u r b i n e  t r i p  c o u l d  be p r e v e n t e d  by t h r o t t l i n g  t h e  t u r b i n e .  
I f  t he  t u r b i n e  d i d  t r i p ,  t h i s  f a i l u r e  would r e s u l t  i n  a v e r y  slow 
d e p r e s s u r i z a t i o n  of t he  SGs. However, t h e  a t m o s p h e r i c  dump v a l v e s  are  
n o t  i so l a t ed  by M S I V  c l o s u r e .  

A p o t e n t i a l  R C S  o v e r c o o l i n g  f a i l u r e  n o t  c o n s i d e r e d  i n  t h e  FMEA is steam 
l i n e  r u p t u r e .  T h i s  f a i l u r e  mode was n o t  i n c l u d e d  b e c a u s e  i t  r e p r e s e n t s  
a p a s s i v e  f a i l u r e  o f  equipment .  The f a i l u r e  r a t e  fo r  steam l i n e  r u p t u r e  
is lower t h a n  o ther  f a i l u r e s ,  h e n c e  i ts  e l i m i n a t i o n  from t h e  FMEA. 
However, Emergency O p e r a t i n g  P r o c e d u r e  EOP-4, Steam L i n e  R u p t u r e , * *  was 
r e v i e w e d  t o  d e t e r m i n e  remedial a c t i o n  t h a t  might  be t a k e n  i f  steam 
re l ie f  v a l v e s  f a i l  open.  Both f a i l u r e s  have a similar impact  on t h e  
main steam s y s t e m  ( i . e . ,  d e p r e s s u r i z a t i o n ) .  

The R C S  u n d e r c o o l i n g  f a i l u r e  i d e n t i f i e d  as  s i g n i f i c a n t  i n  t h e  main steam 
s y s t e m  FMEA i n v o l v e s  f a i l u r e  of the a t m o s p h e r i c  dump a n d / o r  t u r b i n e  
b y p a s s  v a l v e s  t o  open on  demand. F o l l o w i n g  reactor and t u r b i n e  t r i p ,  a 
hot  shutdown c a n  be  m a i n t a i n e d  by t h e  main steam s a f e t y  v a l v e s  e v e n  i f  
t h e  steam re l ie f  v a l v e s  f a i l  t o  open .  However, f o l l o w i n g  a small break 
LOCA, R C S  cooldown is r e q u i r e d  by procedure. ,  Thus ,  f a i l u r e  o f  t h e  v a l v e  
t o  d e p r e s s u r i z e  the  SGs c o u l d  d e g r a d e  r e c o v e r y  from t h e  small LOCA. 

C o n t i n u a l  u s e  of t he  larger c a p a c i t y  t u r b i n e  bypass  v a l v e s  would r e q u i r e  
s p e c i a l  o p e r a t o r  a c t i o n s  under  these c o n d i t i o n s .  A s  t h e  SGs 
d e p r e s s u r i z e d ,  t h e  MSIVs would c lose a u t o m a t i c a l l y  u n l e s s  t h e  operator  
m a n u a l l y  b l o c k e d  t h e  steam l i n e  i s o l a t i o n  s i g n a l s  from t h e  ESFAS. 

4.2.2.9 FMEA of t h e  Component Cool ing  System. A FMEA of t h e  component 
c o o l i n g  s y s t e m  was per formed t o  i d e n t i f y  t h e  impact of component 
f a i l u r e s  on R C S  u n d e r c o o l i n g  a n d  o v e r c o o l i n g ,  S G  o v e r f i l l ,  and o p e r a t i o n  
of s t a n d b y  s a f e t y  s y s t e m s .  F a i l u r e s  t h a t  would a f fec t  R C S  u n d e r c o o l i n g  
and s a f e t y  s y s t e m  o p e r a t i o n  are  i d e n t i f i e d  i n  T a b l e  4.10, which is a 
summary o f  t h e  FMEA. The de ta i led  FMEA o f  t h e  s y s t e m  c a n  be f o u n d  i n  
Appendix C .  Each major f a i l u r e  of t h i s  s y s t e m  a f f e c t i n g  s a f e t y  s y s t e m  
p e r f o r m a n c e  and  ACS u n d e r c o o l i n g  is d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n .  
A s i m p l i f i e d  d e s c r i p t i o n  of t h e  component c o o l i n g  s y s t e m  c a n  be found i n  
Appendix B. 

4.2.2.9.1 S i g n i f i c a n t  r e s u l t s .  The FMEA d e t e r m i n e d  that  f a i l u r e s  
i n  t h e  component c o o l i n g  s y s t e m  r e s u l t  i n  l o s s  of CCW t o  t h e  RC pump 
seals and  p o t e n t i a l l y  lead t o  seal  f a i l u r e .  The R C  pumps r e q u i r e  seal  
water and motor b e a r i n g  l u b e  o i l  c o o l i n g .  The operator is i n s t r u c t e d  t o  
t u r n  o f f  t h e  pumps if one  of t h e  f o l l o w i n g  c o n d i t i o n s  e x i s t s :  



Table 4.10. Component cooling system FMEA summary 

F a i l u r e  Possible Causes Effects Remedial Aotions 

--- --------------_--_._________~^____I__--_--_- --- 

-- --------____----- ___-___ __- ----I----- 

~ & h l d S l X Q Q ~ P E  

1. Loss of Component 
Cooling Water t o  
Reactor Coolant Pump 
Seals 

a. A l l  four pumps 1. 
2. 
3. 
4. 
5. 

6. 

7. 
8. 

b. On one Pump: 

Pump 11A 
Pump 11B 
Pump 12A 
Pump 128 

cc-283 closes 
CC-284 closes 
CV-3832 aloses 
CV-3833 closes 
Loss of aontrol 
Power to  SV-3832 
or 3833 
Loss of pneumatio 

or 3833 
SV-3832 closes 
SV-3833 olosea 

supply t o  SV-3832 

Operator f a i l s  t o  t r i p  
pump af te r  one of t h e  
following: 

cc-170 or 171 closes 
CC-173 or 174 closes 
cc-176 or 177 closes 
CC-179 o r  180 closes 

Upon deteotion of high RC 
pump seal controlled bleed- 
off temperatures, which 
would occur a f te r  a loss  of 
component cooling water t o  
the pump seals,  the operator 
Is instructed to  t r i p  the 
pumps. F a i l u r e  t o  t r i p  t h e  
pumps under these conditions 
is assumed t o  resu l t  I n  
f a i lu re  of the pump seals. 
Rupture of the pump seals  
const i tutes  a small loss  of 
coolant accident (LOCA). 
Safety systems including 
HPSI and LPSI w i l l  be chal- 
lenged. RCS undercooling 
may resu l t  due to  t h e  LOCA. 

Re- open oomponen t cooling 
system valves to  res tore  flow 
i f  possible. If component 
cooling water flow cannot be 
restored, t r i p  RC pump prior t o  
exceeding temperature l fmlts  Of 
pump seals. If  the sea ls  f a l l ,  
follou procedure for  a small 
LOCA . 



Table 4.10 (continued) 

Failure Possible Cauaes Effects Remedial Actions 

----------------__---------__---------___-- I-- 

2. Loss of Component 
Cooling Ua te r  t o  
HPSI and LPSI 
Pumps 

a. A l l  HPSI and Mechanical f a i lu re  
LPSI pumps CC-258 closes 
affected 

b. HPSI 11 and 12 Mechanical fa i lure  
and LPSI 11 cc-270 O ~ O S ~ S  

affected 

a. HPSI 13 and Mechanical fa i lure  
LPSI 12 affected CC-242 closes 

Pumps are designed to  Re-open valves i f  possible. If 
operate fo r  two hours with- safety injeotion is required 
out component cooling water. 
Loss of component water be restored, attempt t o  ro t a t e  
for periods greater than the  pumps i n  operation. 
two hours I s  assumed to  
f a l l  HPSI and LPSI. HPSI 
and LPSI are safety sys t ems  
designed to  provide core 
heat removal during 
emergency operation. 

and cooling water flow cannot 
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1 .  CCW is l o s t  fo r  more t h a n  10 min ,  
2. s ea l  c a v i t y  t e m p e r a t u r e  reaches 200°F, o r  
3. t h r u s t  b e a r i n g  t e m p e r a t u r e  reaches 195OF. 

From a p l a n t  s a f e t y  s t a n d p o i n t ,  t he  f a i l u r e  of i n t e r e s t  i n v o l v e s  t he  
loss of s ea l  water c o o l i n g .  If t h e  pump c o n t i n u e s  t o  r u n  w i t h o u t  sea l  
water c o o l i n g  for  a p e r i o d  e x c e e d i n g  10  min ,  t h e  pump sea l s  may f a i l  and 
r e s u l t  i n  a small LOCA. P l a n t  s a f e t y  s y s t e m s  ( i n c l u d i n g  HPSI  and  L P S I )  
w i l l  be c h a l l e n g e d  t o  p r o v i d e  a d e q u a t e  core c o o l i n g  d u r i n g  t h i s  
t r a n s i e n t .  

The c o o l i n g  water flow t o  the  pump seals  can  be l o s t  due t o  t he  
f o l l o w i n g  g e n e r a l  g roups  of  f a i l u r e s :  

1 .  a n y  pump seal  water s u p p l y  o r  r e t u r n  v a l v e s  c l o s e ,  or  
2. m u l t i p l e  pump a n d / o r  v a l v e  f a i l u r e s .  

The pump/header f a i l u r e  g roup  i n c l u d e s  f a i l u r e  of pumps, main header 
s u p p l y ,  and r e t u r n  v a l v e s .  The d e s i g n  of t h e  component c o o l i n g  sys t em 
makes t h i s  u n l i k e l y ;  t h e  two c r o s s - c o n n e c t e d  t r a i n s  of CCW (normal  and 
s t a n d b y )  s e r v e d  by three pumps and two-heat e x c h a n g e r s  s h o u l d  p r o v i d e  
redundancy .  

Pump seal  water s u p p l y  or  r e t u r n  v a l v e  c l o s u r e  r e p r e s e n t s  a more 
s i g n i f i c a n t  f a i l u r e  mode i n  t h e  component c o o l i n g  sys tem.  F a i l u r e  of 
one of these v a l v e s  may r e s u l t  i n  t h e  l o s s  of c o o l i n g  water t o  one  or  
a l l  f o u r  RC pumps. 

Each R C  pump has one  n o r m a l l y  open g a t e  v a l v e  f o r  s u p p l y ,  and  one  
no rma l ly  open g l o b e  v a l v e  f o r  r e t u r n ,  of CCW. F a i l u r e  of t h e  s u p p l y  or 
r e t u r n  v a l v e s  ( C C  170 ,  171 ,  173,  174 ,  176 ,  177 ,  179 ,  180) r e s u l t i n g  i n  
c l o s u r e  w i l l  f a i l  t h e  c o o l i n g  water flow t o  t h a t  pump. 

I n  a d d i t i o n  t o  each pump's s u p p l y  and  r e t u r n  v a l v e s ,  t h e  con ta inmen t  
i s o l a t i o n  v a l v e s  (CV 3832, 3833)  c o n t r o l  t h e  s u p p l y  and r e t u r n  of  
c o o l i n g  water fo r  t h e  h e a d e r ,  which s e r v e s  a l l  f o u r  pumps, t h e  s u p p o r t  
c o o l e r s ,  and t h e  c o n t r o l  e l emen t  d r i v e  mechanism (CEDM) c o o l e r s .  These 
v a l v e s  i s o l a t e  con ta inmen t  upon r ece ip t  of a con ta inmen t  i s o l a t i o n  
s i g n a l .  They are a i r  o p e r a t e d ,  w i t h  a s o l e n o i d  v a l v e  c o n t r o l l i n g  t h e  
a i r  s u p p l y  t o  t h e  v a l v e  o p e r a t o r .  L o s s  o f  e l ec t r i c  power or pneumat ic  
s u p p l y  t o  t h e  s o l e n o i d  v a l v e  w i l l  r e s u l t  i n  c o n t r o l  v a l v e  c l o s u r e .  
F a i l u r e  of the  s o l e n o i d  v a l v e  w i l l  a l s o  c lose  t h e  c o n t r o l  v a l v e .  I f  
e i t he r  s u p p l y  or r e t u r n  v a l v e  c loses ,  t h e  CCW flow t o  a l l  f o u r  RC pumps 
w i l l  be i s o l a t e d .  I f  t h e  o p e r a t o r  f a i l s  t o  t r i p  t h e  RC pumps upon l o s s  
of CCW f low,  a pump seal  f a i l u r e  LOCA w i l l  r e s u l t .  

Two norma l ly  open g a t e  v a l v e s  ( C C  283, 284) a r e  p r o v i d e d  t o  p e r m i t  
i s o l a t i o n  of  t h i s  s u p p l y  header from t h e  rest  of t h e  sys t em.  These  
v a l v e s  are  assumed t o  be manual v a l v e s  t h a t  are closed o n l y  d u r i n g  
main tenance .  Al though c l o s u r e  of  these v a l v e s  would i so l a t e  t h e  s u p p l y  
of c o o l i n g  water t o  t h e  pumps, t h e  f a i l u r e  mode i s  v e r y  u n l i k e l y  because  
these v a l v e s  would be closed o n l y  d u r i n g  cold shutdown.  I f  one  or more 
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were n o t  r e o p e n e d ,  t h e  l o s s  o f  c o o l i n g  water ( o r  p o s s i b l e  f a i l u r e  o f  t h e  
a f f e c t e d  RC pump sea l s )  would be d e t e c t e d  p r i o r  t o  resuming power 
o p e r a t i o n .  

It  s h o u l d  be n o t e d  t h a t  CCW f a i l u r e  t o  t h e  CEDM coolers is n o t  
c o n s i d e r e d  a s i g n i f i c a n t  f a i l u r e .  A i r  c o o l i n g  t o  t h e  CEDM c o i l s  is 
s u f f i c i e n t  t o  p e r m i t  c o n t i n u e d  c o i l  o p e r a t i o n ;  t h e  c o o l i n g  water is 
p r o v i d e d  t o  e x t e n d  c o i l  l i f e .  Loss  o f  a l l  c o o l i n g  t o  t h e  co i l s  would 
e v e n t u a l l y  r e s u l t  i n  c o i l  f a i l u r e ,  c a u s i n g  t h e  c o n t r o l  r o d s  t o  d r o p  i n t o  
t h e  c o r e .  

Loss o f  CCW can  a l s o  a d v e r s e l y  a f f e c t  t h e  o p e r a t i o n  of s t a n d b y  sa fe ty  
s y s t e m s  i n c l u d i n g  HPSI  and LPSI. The CCW s y s t e m  p r o v i d e s  c o o l i n g  t o  t h e  
h i g h - p r e s s u r e  ( 3 )  and  l o w - p r e s s u r e  ( 2 )  SI  pumps. These pumps are 
d e s i g n e d  t o  o p e r a t e  2 h w i t h o u t  CCW, which c o n s i d e r a b l y  r e d u c e s  t h e  
impact  of s h o r t - t e r m  f a i l u r e s .  

Al though t h e  S I  pumps are  n o t  o p e r a t i n g ,  CCW is s u p p l i e d  t o  them d u r i n g  
normal o p e r a t i o n  t o  p r o v i d e  immediate c o o l i n g  t o  t h e  pumps s h o u l d  sudden  
S I  be r e q u i r e d .  

C o o l i n g  water f l o w  t o  t h e  pumps can  be l o s t  due t o  t h e  f o l l o w i n g  g e n e r a l  
g r o u p s  o f  f a i l u r e s :  

1 .  pump s u p p l y  o r  r e t u r n  v a l v e s  c l o s e ,  o r  
2. m u l t i p l e  pump a n d / o r  d i s t r i b u t i o n  v a l v e  f a i l u r e s .  

The pump and  d i s t r i b u t i o n  v a l v e  f a i l u r e  g r o u p  is similar t o  t h a t  
descr ibed  f o r  t h e  R C  pumps. Again ,  t h e  r e d u n d a n t  d e s i g n  o f  t h e  
component c o o l i n g  s y s t e m  makes  s u c h  f a i l u r e s  u n l i k e l y .  

Pump s u p p l y  o r  r e t u r n  v a l v e s  may c l o s e ,  r e s u l t i n g  i n  l o s s  o f  c o o l i n g  
water. The most s i g n i f i c a n t  f a i l u r e  i n  t h i s  g r o u p  is c l o s u r e  o f  r e t u r n  
v a l v e  CC 258. T h i s  f a i l u r e  would r e s u l t  i n  l o s s  o f  c o o l i n g  t o  a l l  HPSI 
and  LPSI pumps. The s e c o n d  most i m p o r t a n t  f a i l u r e  i n  t h i s  g roup  is 
c l o s u r e  o f  s u p p l y  v a l v e  CC 270. T h i s  f a i l u r e  r e su l t s  i n  l o s s  o f  c o o l i n g  
water t o  two HPSI pumps ( 1 1  and 1 2 )  and  one  LPSI pump ( 1 1 ) .  The las t  
i m p o r t a n t  f a i l u r e  i n  t h i s  g roup  is c l o s u r e  o f  s u p p l y  v a l v e  CC 242, which 
r e s u l t s  i n  l o s s  of c o o l i n g  water t o  one  HPSI pump ( 1 3 )  and o n e  LPSI pump 
( 1 2 ) .  F a i l u r e  of  e a c h  pump's s u p p l y  and  r e t u r n  v a l v e s  is n o t  c o n s i d e r e d  
s i g n i f i c a n t  b e c a u s e  o t h e r  pumps are  a v a i l a b l e  t o  p r o v i d e  HPSI and LPSI. 

The f a i l u r e  r a t e  o f  t h e  s u p p l y  and r e t u r n  v a l v e s  d i s c u s s e d  p r e v i o u s l y  is 
n o t  c o n s i d e r e d  s i g n i f i c a n t  b e c a u s e  t h e y  are n o r m a l l y  open  manua l ly  
c o n t r o l l e d  v a l v e s .  The most l i k e l y  f a i l u r e  mode f o r  t h e s e  v a l v e s  is a 
p o s t u l a t e d  m a i n t e n a n c e  f a i l u r e  ( c l o s u r e  of t h e  v a l v e  f o r  ma in tenance  and 
f a i l u r e  t o  r e o p e n ) .  

4.2.2.10 FMEA o f  t h e  S e r v i c e  Water System. A FMEA of  t he  s e r v i c e  water 
s y s t e m  (SRW) was pe r fo rmed  t o  e v a l u a t e  t h e  impact  o f  component f a i l u r e s  
on RCS u n d e r c o o l i n g  and  o v e r c o o l i n g ,  S G  o v e r f i l l ,  and  o p e r a t i o n  o f  
s t a n d b y  s a f e t y  s y s t e m s .  F a i l u r e s  t h a t  might  c a u s e  RCS u n d e r c o o l i n g  and 



123 

t h e r e f o r e  a f f ec t  s a f e t y  s y s t e m  per formance  are  i d e n t i f i e d  i n  Table  4 . 1 1 ,  
which is a summary o f  t h e  FMEA. The d e t a i l e d  FMEA o f  t h e  s y s t e m  can  be 
found i n  Appendix C. Each major  f a i l u r e  o f  t h i s  sys t em a f f e c t i n g  s a f e t y  
s y s t e m  per formance  and R C S  u n d e r c o o l i n g  is d i s c u s s e d  i n  t h e  f o l l o w i n g  
s e c t i o n .  A s i m p l i f i e d  d e s c r i p t i o n  o f  t h e  SRW can  be found i n  
Appendix B. 

4.2.2.10.1 S i g n i f i c a n t  r e s u l t s .  The FMEA de te rmined  t h a t  R C S  
u n d e r c o o l i n g  and degraded s a f e t y  s y s t e m  o p e r a t i o n  may o c c u r  i f  f a i l u r e s  
i n  t h e  s e r v i c e  water s y s t e m  r e s u l t  i n  loss  o f  c o o l i n g  water t o  t he  
emergency power D G s .  The D G s  p r o v i d e  a backup e l ec t r i c  power s u p p l y  t o  
i m p o r t a n t  s a f e t y  s y s t e m s  n e c e s s a r y  f o r  t h e  m i t i g a t i o n  of t r a n s i e n t s ,  
i n c l u d i n g  

1 .  t h e  HPSI  s y s t e m ,  
2. t h e  moto r -d r iven  AFW pump, and 
3. t h e  CCW s y s t e m .  

The D G s  r e q u i r e  l u b e  o i l ,  d iese l  jacke t  water, and  diesel  a i r  c o o l i n g .  
S e r v i c e  water is s u p p l i e d  t o  t h e  t u b e  s ides  of three heat e x c h a n g e r s  f o r  
each DG.  S e r v i c e  water is a l s o  p r o v i d e d  t o  t h e  a f t e r c o o l e r  o f  t h e  
d i e s e l  s t a r t i n g  a i r  compresso r .  

F a i l u r e s  r e s u l t i n g  i n  comple t e  l o s s  of s e r v i c e  water t o  a l l  t h ree  D G s  
are n o t  c o n s i d e r e d  l i k e l y  due  t o  t h e  redundancy  o f  t h e  SRW d e s i g n .  The 
three diesels  are s e r v e d  by f o u r  separate s e r v i c e  water headers ( two 
headers f o r  each u n i t ) :  Diesel 1 1  may be p r o v i d e d  w i t h  s e r v i c e  water 
from U n i t  1 header 1 1  o r  U n i t  2 header 21, Diesel 12 may be p rov ided  
w i t h  s e r v i c e  water from a l l  f o u r  headers,  and Diesel 21 may be p rov ided  
w i t h  s e r v i c e  water from U n i t  1 header 1 2  and U n i t  2 header 22. One 
d i e s e l  o p e r a t i n g  a t  its d e s i g n  r a t i n g  is c a p a b l e  o f  b r i n g i n g  one  u n i t  t o  
safe  shutdown c o n d i t i o n s .  Hence t h e  comple t e  f a i l u r e  o f  emergency 
d iese l  power due t o  loss  o f  s e r v i c e  water is remote .  

Another s i g n i f i c a n t  f a i l u r e  o f  t h e  SRW s y s t e m  i n v o l v e s  the  l o s s  o f  
s e r v i c e  water c o o l i n g  t o  t h e  con ta inmen t  a i r  c o o l e r s .  T h i s  s y s t e m  is 
one of t h e  e n g i n e e r e d  s a f e t y  f e a t u r e s  p r o v i d i n g  con ta inmen t  a i r  c o o l i n g  
d u r i n g  normal and emergency c o n d i t i o n s .  The loss of s e r v i c e  water t o  
more t h a n  one  con ta inmen t  c o o l e r  would degrade p o s t - a c c i d e n t  heat  
removal  from the  con ta inmen t  b u i l d i n g .  

S u b s t a n t i a l  redundancy  h a s  been d e s i g n e d  i n t o  t h e  S R W  s y s t e m  i n t e r f a c e  
w i t h  t h e  con ta inmen t  c o o l i n g  sys t em t o  r e d u c e  t h e  l i k e l i h o o d  of comple t e  
s y s t e m  f a i l u r e .  Only three o f  f o u r  con ta inmen t  a i r  c o o l e r s  are 
n e c e s s a r y  for heat  removal  f o l l o w i n g  a LOCA. The s e r v i c e  water o u t l e t  
from each c o o l e r  is equ ipped  w i t h  three p a r a l l e l  l i n e s ,  each w i t h  a 
v a l v e :  o n e  l i n e  s a t i s f i e s  normal o p e r a t i o n  c o o l i n g  r e q u i r e m e n t s ,  t he  
second  is opened upon con ta inmen t  i s o l a t i o n ,  and  t h e  t h i r d  has a manual 
v a l v e  s h o u l d  t h e  second v a l v e  f a i l  t o  open. Manual v a l v e s  i n  t h e  s u p p l y  
p i p i n g  p e r m i t  s e r v i c e  water f low t o  any  c o o l e r  from ei ther  subsys t em 
header. 



Table 4 . 1 1 .  

F a i l u r e  P o s s i b l e  Causes Effects 

Service water system FMEA summary -- 
---------------------I-__--- --I_- - ---------------- - 

Remedial Act ions  -- ---- ----------_ ----___-_---_-__I-------- 

1. S e r v i c e  Water Pumps 1. Mechanical F a i l u r e  
11, 12, 13 T r i p  

2. Loss of Electric Power 
from 4 kV Bus 11 fo r  
Pump 11, 4 LV Bus 14 
for  Pump 12, and 
both 4 kV Buses 11 
and 14 f o r  Pump 13 

3. Supply o r  Return 
Valves F a i l  Closed 

2. S e r v i c e  Uater Heat 1. Mechanical F a i l u r e  
Exohanger 11, 12 
F a i l s  2. S a l t  Water System 

Header F a i l u r e  

3. Inlet or O u t l e t  Valves  
F a i l  Closed 

S i g n i f i c a n t  f a i l u r e  because 
i t  degrades  h e a t  removal s t andby  pump. If pump 13 does 
from impor tan t  p l a n t  n o t  start, a l ign c o n t a c t s  t o  
components i n c l u d i n g  t h e  other bus. 
d iese l  g e n e r a t o r s  and t h e  
oontainment  air coo le r s .  
Tu0 pumps a r e  r e q u i r e d  t o  
o p e r a t e  so one pump is 
p laced  i n  s tandby.  The re- 
dundancy inco rpora t ed  i n t o  
the des ign  pe rmi t s  o p e r a t i o n  
of pump 13 from ei ther  bus. 
It is l i k e l y  t h a t  two pumps 
would f a i l  s imul  taneous ly .  

Verify au tomat i c  s t a r t  of 

S i g n i f i c a n t  f a i l u r e  because Re-open v a l v e s  or r e p a i r  h e a t  
i t  degrades  heat removal 
from impor tan t  p l a n t  compo- 
nen t s .  P l a n t  may be tempo- 
r a r i l y  ope ra t ed  w i t h  j u s t  
one  h e a t  exchanger d u r i n g  
normal ope ra t ion .  During a n  
emergency some l o a d s  would 
be isolated, p e r m i t t i n g  
temporary opera t i o n  w i t h  
only  one h e a t  exchanger. 

exchanger  if poss ib l e .  



T a b l e  4.11 (continued) 

Effec ts  Remedial Aations F a i l u r e  P o s s i b l e  Causes 

3. Loss of  S e r v i c e  
Water t o  Emergency 
Diesel Genera tor :  

No. 11 Diesel 1. 1-CV-1587 F a i l s  t o  
Open 
a. Hechanical F a i l u r e  
b. Diesel S t a r t  S i g n a l  

Not Received Due t o  
C i r c u i t r y  F a i l u r e  

1587 Closes  Valve 
0 .  C o n t r o l l e r  PDIC- 

2. One of  Two Hanual 
Valves F a i l  Closed 

3. S e r v i c e  Water Header 
F a i l u r e s  

No. 21 Diesel 1. 2-CV-1587 F a i l s  t o  
Open 
a. Hechanical F a i l u r e  
b. Diesel S t a r t  S i g n a l  

Not Received Due t o  
C l r c u i  t r y  F a i l u r e  

1587 Closes Valve 
c. C o n t r o l l e r  PDIC- 

Loss of s e r v i c e  w a t e r  t o  an  If one supply  header t o  a 
o p e r a t i n g  emergency diesel p a r t i c u l a r  d i e s e l  is unavai l -  
g e n e r a t o r  w i l l  r e s u l t  i n  a b l e ,  o p e r a t o r  should open 
d i e s e l  g e n e r a t o r  f a i l u r e .  v a l v e s  t o  supply  d i e s e l  w i t h  
The two C a l v e r t  C l i f f s  u n i t s  an  alternate source of c o o l i n g  
s h a r e  3 d i e s e l s .  Supply water. 
header  11 can supply  s e r v i c e  
w a t e r  t o  e i t h e r  d i e s e l  11 or 12. 
Supply header  1 2  oan supply  
diesel  12 or 21. Supply 
header  21 can supply  d i e s e l  
11 and 12. Supply header  22 
can supply  d i e s e l  21 and 12. 
T h i s  redundancy r e d u c e s  t h e  
p r o b a b i l i  t y  of loss of 
d i e s e l  power due t o  s e r v i c e  
water f a i l u r e s .  

2. One of Two Manual 
Valves F a i l  Closed 



No. 1 2  Diesel 1. 1 and 2-CV-1645 F a i l  
t o  Open 
a. Mechanical F a i l u r e  
b. Pressu re  Senso r s  

1/2 PS-1645 F a i l  

2. 1 and 2-CV-1645 F a i l  
t o  Open 
a. Mechanical F a i l u r e  
b. Pressu re  Senso r s  

Prevent  Valve from 
Opening 

3. 1-CV-1588 F a i l s  t o  
Open 
a. Mechanical F a i l u r e  
b. Diesel S t a r t  S i g n a l  

Not Received Due t o  
C i r c u i t r y  F a i l u r e  

1588 Closes Valve  
c. C o n t r o l l e r  PDIC- 

4. Both Manual Supply or 
Both Return Valves 
F a i l  Closed 
Simul taneous ly  

5. S e r v i c e  Water Header 
F a i l u r e s  



Tab le  4 . 1 1  ( c o n t i n u e d )  

F a i l u r e  P o s s i b l e  Causes Effects Remedial Actions 

------ -------- -----------________I___-__-_-------- 

--------------I-----__- _--I- - ---I -------- 
4.  Loss of  S e r v i c e  

Ua ter t o  Compressed 
Air System 
Components: 

A l l  Ins t rument  1. 
Air and Compressed 
Air Compressors 2. 

3 .  

0. 

5. 

6. 

7. 

8. 

P l a n t  Compressor 1.  
11 

2. 

3 .  

SRY-181 F a i l s  Closed 

SRW-183 F a i l s  Closed 

PCV-1628 F a i l s  Closed 

CV-1637 F a i l s  Closed 

CV-1639 F a i l s  Closed 

S e r v i c e  Water Pump 11 
T r i p s  

Loas o f  125 VDC Bua 11 
C 1  oses CV- 16 37 

Loss o f  125 VDC Bus 21 
Closes  CV-1639 

SRU-197 F a i l s  Closed 

SV-1636 F a i l s  Closed 

TCV-1636 F a i l s  Closed 

Losa of s e r v i c e  water 
c o o l i n g  to  t h e  compressors  or r e t u r n  v a l v e s  i f  p o s s i b l e .  
or aftercoolers w i l l  result 
i n  e v e n t u a l  compressor or 
aftercooler f a i l u r e .  T h i s  
is a s i g n i f i c a n t  P a i l u r e  be- 
c a u s e  pneumatic components 
must be c o n t i n u o u s l y  sup- 
p l i e d  w i t h  i n s t r u m e n t  a i r  t o  
m a i n t a i n  safe and r e l i a b l e  
o p e r a t i o n  of t h e  p l a n t .  
Some redundancy is provided  
i n  t h e  compressed a i r  system 
i n  t h e  e v e n t  of component 
f a i l u r e s .  Two i n s t r u m e n t  
air compressors  are a v a i l a -  
b l e ,  a l though one is usual-  
l y  a l l  t h a t  is r e q u i r e d .  
The U n i t  1 p l a n t  air com- 
p r e s s o r  is backed up by t h e  
Uni t  2 p l a n t  air compressor.  
P l a n t  air is also i m p o r t a n t  
because i t p r o v i d e s  brea- 
t h i n g  a i r  f o r  r e s p i r a t o r  
o p e r a t i o n  i n s i d e  conta in-  Verify t h a t  backup compressors  
ment. P l a n t  air is  backed- are s t a r t e d  when l i n e  p r e s s u r e  
up by b r e a t h i n g  a i r  t a n k s  drops  below low l i m i t .  
i n s i d e  containment .  

Reopen s e r v i c e  water supply  



Table 4.11  (continued) ----------- -----------__---_---------_I_- - 
F a i l u r e  Poss ib l e  Causes E f f e c t s  Remedial Actions 

P1 a n t  Compressor 
11 Af te rcoo le r  

Instrument  Air 
Compressor 11 

Ins t rumen t  Air 
Compressor 11 
Af t e r c o o l e r  

Ins t rument  Air 
Compressor 12 

Ins t rument  Air 
Compressor 12 
Af te rcoo le r  

1. 

2. 

3. 

1.  

2. 

3. 

1.  

2. 

3. 

1. 

2 .  

3. 

1.  

2. 

3. 

SRU-199 F a i l s  Closed 

SV-1635 F a i l s  Closed 

SRW-200 F a l l s  Closed 

SRW-189 F a i l s  Closed 

TCV-1630 F a i l 5  Closed 

SV-1630 F a l l s  Closed 

SRU-191 F a l l s  Closed 

SV-1629 F a i l s  Closed 

SRW-192 F a l l s  Closed 

SRW-193 F a i l s  Closed 

SV-1634 F a i l s  Closed 

TCV-1634 F a l l s  Closed 

SRW-195 F a l l s  Closed 

SV-1633 F a i l s  Closed 

SRU-196 F a i l s  Closed 



F a i l u r e  P o s s i b l e  Causes Effects Remedial Act ions  
------ ---- -- 
5. Loss of S e r v i c e  S e r v i c e  Water Header S i g n i f i c a n t  f a i l u r e  i f  more Re-open v a l v e s  i f  p o s s i b l e  or 

Water t o  Containment F a i l u r e s  
Cool era: 

11, 12 1. CV-1581, 1583 F a i l s  
Closed 

2. CV-1584, 1586 F a l l s  
Closed 

3. Supply Header 11 
F a i l u r e  

4. Manual Valves F a i l  
Closed 

1. CV-1589, 1592 F a i l s  
C 1  osed 

2. CV-1591, 1594 F a i l s  
Closed 

3. Supply Header 12 
F a l l u r e  

t h a n  one  cooler were to  f a i l  
a t  one time. However, t h i s  t o  t h e  af'fected cooler. 
r e p r e s e n t s  a n  u n l i k e l y  
even t .  These coolers pro- 
v i d e  pos t - acc iden t  h e a t  re- 
moval from t h e  containment.  
S i g n i P i c a n t  redundancy IS 
a v a i l a b l e  i n  t h i s  system be- 
c a u s e  e i ther  header  can  be 
used  t o  supp ly  any cooler. 
Only 3 coolers are necessa ry  
f o r  heat removal fOllOWing a 
LOCA. 

o p e n - o t h e r  heade r  supp ly  v a l v e  

4. Manual Valves F a i l  
Closed 



Loss o f  s e r v i c e  water c o o l i n g  t o  t h e  i n s t r u m e n t  a i r  compresso r s  and  
a f t e r c o o l e r s  was d e t e r m i n e d  t o  be a s i g n i f i c a n t  f a i l u r e  o f  t h e  SRW 
system. Loss o f  i n s t r u m e n t  a i r  r e s u l t s  i n  i s o l a t i o n  o f  CCW f low t o  t h e  
R C  pump seals.  F a i l u r e  t o  t r i p  t h e  pumps on  l o s s  o f  sea l  water c o o l i n g  
w i l l  r e s u l t  i n  seal  f a i l u r e  and a small LOCA. Loss of i n s t r u m e n t  a i r  
w i l l  a l s o  p r e v e n t  t h e  FW r e g u l a t i n g  v a l v e s  from c l o s i n g  which c o u l d  
i n i t i a t e  a S C  o v e r f e e d  t r a n s i e n t  f o l l o w i n g  r e a c t o r  t r i p .  

Three s e r v i c e  water s y s t e m  component f a i l u r e s  can  r e s u l t  i n  t h e  l o s s  o f  
c o o l i n g  water t o  a l l  a i r  compresso r s .  These f a i l u r e s  i n c l u d e  t h e  
f o l l o w i n g :  

1 .  s e r v i c e  water pump 1 1  t r i p s ,  
2. c o n t r o l  v a l v e  CV-1637 f a i l s  c l o s e d ,  and  
3. c o n t r o l  v a l v e  CV-1639 f a i l s  c l o s e d .  

For t h e  p u r p o s e  o f  t h i s  a n a l y s i s ,  loss  o f  s e r v i c e  water c o o l i n g  is  
assumed t o  e v e n t u a l l y  f a i l  t h e  i n s t r u m e n t  a i r  compresso r s .  Under a c t u a l  
o p e r a t i n g  c o n d i t i o n s ,  some time would e l a p s e  between l o s s  of s e r v i c e  
water and f a i l u r e  of t he  a i r  compresso r s .  The o p e r a t o r  may be ab le  t o  
e x t e n d  t h i s  p e r i o d  by a l t e r n a t i n g  between t h e  two compresso r s .  Addi- 
t i o n a l  d i s c u s s i o n  o f  i n s t r u m e n t  a i r  s y s t e m  f a i l u r e  modes may be found  i n  
Sect. 4.6. 

4.2.2.11 FMEA o f  t h e  S a l t  Water Coo l ing  Sys tem.  A FMEA of  t he  s a l t  
water sys t em was pe r fo rmed  t o  i d e n t i f y  t h e  p o t e n t i a l  e f f e c t s  of 
component f a i l u r e s  on R C S  u n d e r c o o l i n g  and  o v e r c o o l i n g ,  S C  o v e r f i l l ,  and  
o p e r a t i o n  of s t a n d b y  s a f e t y  s y s t e m s .  S p e c i f i c  f a i l u r e s  i d e n t i f i e d  i n  
T a b l e  4.12 were found  t o  a f f ec t  R C S  o v e r c o o l i n g  and  s t a n d b y  s a f e t y  
s y s t e m s .  T h i s  t ab l e  summarizes t h e  s i g n i f i c a n t  r e s u l t s  f rom t h e  
de t a i l ed  FMEA, which can  be found  i n  Appendix C .  A s i m p l i f i e d  
d e s c r i p t i o n  o f  t h e  s 'a l t  water s y s t e m  is i n c l u d e d  i n  Appendix B. 

4 .2 .2 .11.1 S i g n i f i c a n t  r e s u l t s .  The r e s u l t s  i d e n t i f i e d  f o r  t h e  
s a l t  water sys t em are  second-o rde r  e f fec ts  compared t o  t h e  n e a r - t e r m  
r e s u l t s  f rom the  f a i l u r e  o f  o t h e r  s y s t e m s .  F a i l u r e s  i n  t h e  s a l t  water 
s y s t e m  e v e n t u a l l y  w i l l  degrade t h e  heat removal  c a p a b i l i t y  o f  t h e  
s e r v i c e  water and CCW s y s t e m s ,  which i n  t u r n  may impact RCS u n d e r c o o l i n g  
and  s t a n d b y  s a f e t v  s y s t e m s .  

The l o s s  o f  one  of t h e  s a l t  water c o o l i n g  t r a i n s  t o  a CCW heat exchange r  
w i l l  c a u s e  t h e  CCW t o  r i se  i n  t e m p e r a t u r e ,  and t h e  l o a d s  s u p p l i e d  by  t h e  
CCW may be affected as the  t e m p e r a t u r e  rises. The R C  pump sea l s  are t h e  
components o f  i n t e r e s t  from a R C S  u n d e r c o o l i n g  s t a n d p o i n t .  Loss  o f  CCW 
t o  t h e  RC pump sea ls  w i l l  r e s u l t  i n  s ea l  f a i l u r e  and a small LOCA. 

The l o s s  o f  s a l t  water c o o l i n g  t o  one  o f  t h e  s e r v i c e  water heat 
e x c h a n g e r s  w i l l  a l s o  c a u s e  t h e  affected s e r v i c e  water t r a i n  t o  heat up. 
The l o a d s  s u p p l i e d  by t h e  s e r v i c e  water s y s t e m  e v e n t u a l l y  may f a i l  as 
t h e  t e m p e r a t u r e  rises. The l o a d s  o f  i n t e r e s t  f o r  t h e  s e r v i c e  water 
s y s t e m  are  t h e  D G s  and  t h e  compressed  a i r  s y s t e m  compresso r s .  Diesel 
g e n e r a t o r s  are s t a n d b y  safe ty  components and would f a i l  s h o r t l y  a f t e r  
l o s i n g  s e r v i c e  water c o o l i n g .  



Table 4.12. S a l t  water svstem FMEA summary 

F a i l u r e  P o s s i b l e  Causes Effects Remedial Actions 

BCS-YJXkrSQQlh3 

1.  Loss of S a l t  Water 1. SW 5160, 5162 CV 
Cooling t o  Component Closes  
Cooling Water HX 
11, 12 2. SU 5206, 5208, or 

5163 Closes 

3. S a l t  Water Pump T r i p  

SafsLYAYsislLIn!QaSia 

2. Loss of S a l t  Water 1 .  Valve F a i l u r e  
Cooling t o  S e r v i c e  
Uater Heat Exchanger 2. Sa l t  Water System 
11, 12 Header F a i l u r e  

S u b s t a n t i a l  impact  on Compo- If s a l t  water c o o l i n g  is l o s t  
n e n t  Cool ing  System due  t o  t o  on ly  one component c o o l i n g  
l o s s  of c o o l i n g  t o  t h e  corn- HX, t h e  o p e r a t o r  should  v e r i f y  
ponent  c o o l i n g  h e a t  exchan- t h a t  t h e  o p e r a t i n g  component 
ger. Time- t o - f a i l u r e  for c o o l i n g  HX h a s  adequate  c o o l i n g  
oomponents s e r v i c e d  by t h e  water. If c o o l i n g  RCP pump 
component cooling system is seals  is lost ,  t r i p  pumps. 
expec ted  t o  be l o n g  ( t e n s  of 
of minutes  or hours )  bu t  can  
n o t  be de te rmined  u s i n g  FMEA 
t echn iques .  

A 

w 
--L 

S u b s t a n t i a l  impact  on Ser- If s a l t  water c o o l i n g  i s  lost  
v i c e  Water System due t o  t h e  t o  o n l y  one s e r v i c e  water 
l o s s  of c o o l i n g  t o  t h e  ser- sys tem h e a t  exchanger,  t h e  
v i c e  water h e a t  exchanger.  o p e r a t o r  should  v e r i f y  t h a t  
Time-to-failure for compo- t h e  o p e r a t i n g  service water 
n e n t s  s e r v i c e d  by t h e  Ser- sys tem h a s  adequate  Cool ing  
v i c e  Water System is water. 
expec ted  to  be l o n g  ( t e n s  of 
minu tes  or hours )  bu t  can  
n o t  be de termined  u s i n g  
FMEA t echn iques .  
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4.3 A C C I D E N T  SEQUENCE DEVELOPMENT 

The r e s u l t s  o f  FMEAs o f  t h e  C a l v e r t  C l i f f s  c o n t r o l  s y s t e m s  have  been 
p r e s e n t e d  i n  Sect. 4.2.  These p o s t u l a t e d  f a i l u r e s ,  w h i l e  t h e y  may 
i n i t i a t e  a t r a n s i e n t  o r  a c c i d e n t ,  a re  n o t  n e c e s s a r i l y  o f  s a f e t y  
s i g n i f i c a n c e .  The e x t e n t  t o  which such  f a i l u r e s  are  m i t i g a t e d  by s a f e t y  
sys t em a c t i o n  a f f ec t s  t h e i r  s i g n i f i c a n c e  t o  p l a n t  s a fe ty .  However, i f  
c o n t r o l  s y s t e m s  were r e q u i r e d  t o  mi t iga t e  t h e  i n i t i a t e d  t r a n s i e n t  
w i t h o u t  a backup sa fe ty  s y s t e m  a v a i l a b l e ,  t h e  i d e n t i f i e d  c o n t r o l  s y s t e m  
a c t i o n s  would have  s a f e t y  s i g n i f i c a n c e  and would r e p r e s e n t  a s i g n i f i c a n t  
r e s u l t  o f  t h e  SICS s t u d y .  

The e v a l u a t i o n  o f  c o n t r o l  sys t em f a i l u r e s  i n  t h e  c o n t e x t  of d e v e l o p e d  
a c c i d e n t  s e q u e n c e s  is d i s c u s s e d  i n  Sect.  4.3.  I n  t h i s  a n a l y s i s ,  
s e q u e n c e s  o f  a c c i d e n t - i n i t i a t i n g  e v e n t s  and t h e  o p e r a t i n g  o r  f a i l e d  
s ta tes  o f  c o n t r o l  and s a f e t y  s y s t e m s  are deve loped .  For  p u r p o s e s  of t he  
a c c i d e n t  s e q u e n c e  a n a l y s i s ,  t he  u l t i m a t e  p l a n t  s t a t e  f o r  each sequence  
is p o s t u l a t e d  based on a v a i l a b l e  i n f o r m a t i o n  o r  e n g i n e e r i n g  judgment .  
These  p l a n t  s t a t e s  a re  c o r r o b o r a t e d ,  t o  the e x t e n t  r e q u i r e d ,  by thermal- 
h y d r a u l i c  a n a l y s e s  (see Sect. 6 ) .  

Acc iden t  s e q u e n c e s  r e s u l t i n g  i n  an a d v e r s e  p l a n t  s a f e t y  s t a t e  c a u s e d  by 
f a i l u r e  o f  a c o n t r o l  s y s t e m  are i d e n t i f i e d  as s i g n i f i c a n t  r e s u l t s  of t h e  
SICS Program. The s e q u e n c e  f r e q u e n c i e s  and t h e  r e l a t i v e  c o n t r i b u t i o n s  
o f  c o n t r o l  s y s t e m  f a i l u r e s  t o  these f r e q u e n c i e s  are  estimated as 
d i s c u s s e d  i n  Sect.  5. 

The a c c i d e n t  s e q u e n c e s  i d e n t i f i e d  as  s i g n i f i c a n t  are  summarized i n  
Sect. 4 . 3 . 1 ,  and t h e  development and e v a l u a t i o n  of a c c i d e n t  s e q u e n c e s  
are  d i s c u s s e d  i n  Sec t .  4.3.2.  

4.3.1 Summary of  S i g n i f i c a n t  Acc iden t  Sequences  

The p o t e n t i a l  e f f ec t s  o f  c o n t r o l  s y s t e m  f a i l u r e s  on p l a n t  s a f e t y  have  
been e v a l u a t e d  by a c c i d e n t  s e q u e n c e  a n a l y s i s  as summarized i n  Sect. 4 .3  
and d i s c u s s e d  i n  d e t a i l  i n  Sect.  4 .3 .2 .  The r e s u l t s  o f  t h i s  a n a l y s i s  
show t h a t  for  most a c c i d e n t - i n i t i a t i n g  e v e n t s ,  t he  a c t i o n  o f  s a f e t y  
s y s t e m s  w i l l  p r e v e n t  a d v e r s e  s a f e t y  consequences  t o  t h e  p l a n t  regardless 
of t h e  o p e r a t i n g  s t a t e  o f  c o n t r o l  s y s t e m s .  Only two a c c i d e n t - i n i t i a t i n g  
e v e n t s ,  a small-break LOCA and a S G  o v e r f e e d ,  were found  t o  r e q u i r e  t he  
s u c c e s s f u l  o p e r a t i o n  o f  c o n t r o l  systems t o  a c h i e v e  p l a n t  r e c o v e r y .  

Al though n o t  c o r r o b o r a t e d  by t h e r m a l - h y d r a u l i c  a n a l y s i s ,  o p e r a t i o n  o f  
a t m o s p h e r i c  steam dump v a l v e s ,  P O R V s ,  and p o s s i b l y  t u r b i n e  b y p a s s  v a l v e s  
are  b e l i e v e d  t o  be r e q u i r e d  t o  r e c o v e r  from a small-break LOCA. T h i s  is 
p r i n c i p a l l y  because o f  t h e  r e l a t i v e l y  low s h u t o f f  head o f  t h e  H P S I  pumps 
(1275 p s i a ) .  The r e l a t i v e l y  low R C S  p r e s s u r e  a t  which the  S I  t a n k s  and 
t h e  L P S I  s y s t e m  b e g i n  t o  o p e r a t e  (200 p s i )  a l s o  c o n t r i b u t e s  t o  
dependence  on  the  c o n t r o l  s y s t e m s  for  d e p r e s s u r i z a t i o n .  

Small-break LOCA s e q u e n c e s  have  been i d e n t i f i e d  as s i g n i f i c a n t  f o r  t h e  
f o l l o w i n g  r e a s o n s :  



1. small-break LOCAs can be initiated by control system failures as 

2. small-break LOCAs may require the operation of control systems for 

3. required control system actions must be manually initiated and 

4. LOCA emergency procedures do not explicitly define the equipment 

well as by passive failures such as SC tube rupture, 

recovery , 

regulated by the operator, and 

that should be used for cool down and depressurization (i.e., the 
control system equipment). 

Accident sequences resulting in injection of FW into the main steam lines 
(SG overfill) also were identified as significant. As with LOCA 
sequences, SG overfeed sequences are initiated by control system failures 
and, in some cases of importance, must be manually terminated by the 
operator to prevent injecting high-temperature water into the steam 
lines. 

4.3.2 Development and Evaluation of Accident Sequences 

Development of accident sequences consists of identifying accident- 
initiating events, identifying the system functions required to mitigate 
the initiating event, and developing a logical structure describing 
sequences of the initiating event and subsequent successful or failed 
operating states of the mitigating functions, and, for each sequence, 
the resulting plant state. Of particular significance to the SICS 
Program are the following plant states, which may result from an 
accident sequence with a failed control system or a safety system 
failure resulting from a control system failure. 

1.  Uncontrolled overfilling of a SG (SG overfill). 
2. A significant and continuous decrease in RCS temperature, including 

3. Inadequate core cooling, leading to potential core damage (RCS 
PTS ( R C S  overcooling). 

under cool i ng ) . 
The identification of accident-initiating events is discussed in 
Sect. 4.3.2.1, and the development and evaluation of the accident 
sequences resulting from these initiating events are discussed indivi- 
dually in Sects. 4.3.2.2 through 4.3.2.8. 

4.3.2.1 Accident Sequence Initiators. The initial step in the 
development of accident sequences is the identification of accident- 
initiating events. Two principal sources of such events have been used 
in the SICS Program: Chapter 14 of the Calvert Cliffs FSAR,” the 
accident analysis section of the Calvert Cliffs FSAR,” and the results 
of the FMEAs of the Calvert Cliffs control systems (Appendix C). The 
accident-initiating events described in the FSAR are listed in 
Table 4.13. 

Control system failures identified in Sect. 4.2 as potential accident- 
initiating events were compared to the events listed in Table 4.13. In 
general, control system failures could be included as part of one of the 
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T a b l e  4.13. Summary of FSAR Chapter 14 initiating events 
_I_ - - 

Event Description - - 
1. CEA Withdrawal 

2. Boron Dilut ion 

3. Excess Load 

4. Loss of Load 

5. Loss of Feedwater 

6.  Loss of FTi Heaters 

7. Loss of Coolant Accident 
( LOCA) ( includes PORV 
opening, SG t u b e  rupture ,  
and C E A  e j ec t ion  accidents)  

a. toss of c o o i a t  ~iat  
( inc ludes  RC pump coast  
down and se izure)  

9. Loss of Non-Emergency 
AC Power 

10. CEA Drop 

11. Asymmetric SC B e n t  
( includes SC o v e r f i l l ,  
l o s s  of main feedwater, 
or main s t e m  i so la t ion  
of one steam generator) 

12. Steam Line Break ( S L B )  

13. Non-Reactor Incidents  

Withdrawal from the reactor  core of one (or 
more) control  element assemblies. 

Reduction of the concentration of bor ic  
acid i n  the reac tor  coolant. 

Rapid increase I n  the load placed on t h e  
p l an t  e l e c t r i c  generator by the e l e c t r i c  
gr id .  

Rapid decrease or loss of t h e  load placed 
on the plant  e l e c t r i c  generator by the 
e l e c t r i c  gr id .  

Fai lure  of the main feedwater system to  
de l iver  a f lowrate  required t o  remove 
reac tor  core decay heat. 

Fai lure  of t h e  main feedwater hea te rs  
r e su l t i ng  i n  a s ign i f i can t  decrease in 
temperature of the feedwater del ivered t o  
the system generators.  

Continuous l o s s  of reactor  coolant from t h e  
RCS i n  excess of makeup capabi l i ty .  

F a i l u r e  of one or more of the R C  pumps t o  
maintain forced c i rcu la t ion  of reac tor  
coolant. 

Deenergizing one or more 13 KVAC e l e c t r i c  
power buses. 

Inser t ion  (or drop) of one or more CEA's. 

Accident a f f ec t ing  the flow of feedwater t o  
or the flow of steam from one of the two 
steam generators.  

Uncontrolled re lease  of steam from one or 
both steam generators. 

Fa i lures  in plant  systems not a f fec t ing  RCS 
performance such a s  spent fue l  or waste 
disposal  system incidents.  
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FSAR i n i t i a t i n g  e v e n t s .  ( A s  i n i t i a t i n g  e v e n t s ,  t h e  f a i l u r e s  were 
i n c l u d e d  i n  t h e  FSAR. However, t he  a c c i d e n t  s e q u e n c e s  d i s c u s s e d  i n  t h e  
FSAR do n o t  n e c e s s a r i l y  i n c l u d e  those  deve loped  from t h e  c o n t r o l  sys t em 
i n i t i a t e d  o r  p o s t u l a t e d  i n i t i a t i n g  f a i l u r e s . )  

One i n i t i a t i n g  e v e n t  was added t o  Table  4.13 f o r  comple t eness :  a 
reactor t r i p  of u n s p e c i f i e d  cause .  Al though a reactor t r i p  is a s a f e t y  
a c t i o n ,  v a r i o u s  c o n t r o l  sys t em a c t i o n s  are  r e q u i r e d  t o  a c h i e v e  a s a fe ,  
s t a b l e  shutdown. The sequence  has been  i d e n t i f i e d  t o  t h e  e x t e n t  t h a t  a 
r e a c t o r  t r i p ,  i n  c o n j u n c t i o n  w i t h  a n  independen t  or coup led  c o n t r o l  
sys t em f a i l u r e ,  c o u l d  lead t o  a n  a c c i d e n t  s equence  o f  conce rn .  

One g roup  of e v e n t s  l i s t e d  i n  Table  4.13, Non-reac tor  i n c i d e n t s ,  was n o t  
i n c l u d e d  i n  t h e  sequence  development .  These  e v e n t s ,  which by d e f i n i t i o n  
do n o t  a f f e c t  R C S  pe r fo rmance ,  a re  n o t  c o n s i d e r e d  i n i t i a t o r s  of  R C S  
a c c i d e n t  s e q u e n c e s .  

4 .3 .2 .2  Reactor T r i p  Sequences .  A r e a c t o r  t r i p  a t  power has the 
i n i t i a l  e f fec t  of  r a p i d l y  r e d u c i n g  t h e  heat g e n e r a t i o n  r a t e  of  t h e  
r e a c t o r  core. Fo l lowing  t r i p ,  t h e  c o r e  w i l l  be i n  a s t a b l e  s u b c r i t i c a l  
s t a t e ,  g e n e r a t i n g  heat a t  core decay  heat rates.  However, s e v e r a l  
c o n t r o l  s y s t e m s  are  r e q u i r e d  t o  f u n c t i o n  f o l l o w i n g  r e a c t o r  t r i p  i n  o r d e r  
t o  a c h i e v e  a s t a b l e  hot  shutdown p l a n t  o p e r a t i n g  s ta te .  Should  o n e  or 
more o f  these  c o n t r o l  s y s t e m s  f a i l ,  a n  a c c i d e n t  s equence  c o u l d  o c c u r .  

An u n s p e c i f i e d  r e a c t o r  t r i p  i n i t i a t o r  is a compos i t e  e v e n t  t h a t  i n c l u d e s  
release and i n s e r t i o n  of t h e  CEAs .  The t r i p  may o c c u r  due  t o  a n  R C S  
p e r t u r b a t i o n  o r  may be s p u r i o u s .  With r e s p e c t  t o  a c c i d e n t  s equence  
development ,  whether t h e  t r i p  p r e c e d e s  a c o n t r o l  s y s t e m  f a i l u r e  or 
o c c u r s  i n  r e s p o n s e  t o  a c o n t r o l  sys t em f a i l u r e  is  n o t  c o n s i d e r e d  
s i g n i f i c a n t .  

Fo l lowing  a r e a c t o r  t r i p ,  c o n t r o l  sys t em o p e r a t i o n s  are r e q u i r e d  t o  
a c h i e v e  a s t a b l e  hot  shutdown s t a t e .  These s y s t e m s  i n c l u d e  

1 .  t u r b i n e  t r i p  equ ipmen t ,  
2. RCS ( p r e s s u r i z e r )  p r e s s u r e  c o n t r o l  equ ipmen t ,  
3. RCS ( p r e s s u r i z e r )  i n v e n t o r y  c o n t r o l  equ ipmen t ,  
4. SG p r e s s u r e  c o n t r o l  equ ipmen t ,  and  
5. c o n d e n s a t e  and MFW equipment .  

A reactor t r i p  combined w i t h  f a i l u r e  of one or  more of t h e  above c o n t r o l  
sys t ems  w i l l  p roduce  a p l a n t  t r a n s i e n t  of  p o t e n t i a l l y  greater  s e v e r i t y  
t h a n  t h e  normal  t r i p  t r a n s i e n t .  Combina t ions  of  t he  p o s s i b l e  s u c c e s s f u l  
and  f a i l e d  o p e r a t i n g  s t a t e s  of  t h e  f i v e  s y s t e m s  l i s t e d  can  be d e p i c t e d  
i n  an  e v e n t  t ree  f o r m a t .  The e v e n t  t r ee  for  t h e  reactor t r i p  i n i t i a t i n g  
e v e n t  is shown i n  F i g .  4 . 1 .  Beginning  w i t h  t h e  assumed r e a c t o r  t r i p ,  
t h e  t r ee  is deve loped  by b r a n c h i n g  each s y s t e m  f u n c t i o n  i n  sequence  t o  
c o n s i d e r  t h e  p o s s i b l e  p r o p e r  o p e r a t i o n  or f a i l e d  o p e r a t i o n  of t h e  sys t em 
(more t h a n  two o p e r a t i n g  s t a t e s  of a sys t em may be d e p i c t e d  a t  a b ranch  
i f  r e q u i r e d ) .  
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F i g .  4 . 6  TURBINE T R I P  F A I L S  

F i g .  4 . 1 .  R e a c t o r  t r i p  e v e n t  t ree .  

The f i rs t  f u n c t i o n  c o n s i d e r e d  i n  F i g .  4.1 is o p e r a t i o n  of  t h e  t u r b i n e  
t r i p  f u n c t i o n .  The t o p  b ranch  d e p i c t s  a s u c c e s s f u l  t u r b i n e  t r i p  and 
t e r m i n a t i o n  o f  steam f l o w  t o  t h e  h i g h - p r e s s u r e  t u r b i n e  by c l o s u r e  o f  t h e  
t u r b i n e  s t o p  a n d / o r  t h r o t t l e  v a l v e .  Given r e a c t o r  t r i p  and t u r b i n e  
t r i p ,  o p e r a t i o n  o f  t h e  n e x t  f u n c t i o n  is c o n s i d e r e d .  The lower  b ranch  
c o n s i d e r s  a r e a c t o r  t r i p  w i t h  t u r b i n e  t r i p  f a i l u r e - - a  f a i l u r e  o f  t h e  
t u r b i n e  s t o p  and  t h r o t t l e  v a l v e s  t o  c l o s e ,  r e s u l t i n g  i n  a c o n t i n u o u s  
f l o w  o f  steam from the  SGs. This  t r a n s i e n t  is a c o n t r o l  s y s t e m  f a i l u r e  
i n i t i a t o r  e q u i v a l e n t  t o  a steam l i n e  b r e a k  ( S L B ) ,  one  o f  t h e  i d e n t i f i e d  
i n i t i a t i n g  e v e n t s  l i s t e d  i n  T a b l e  4.13. T h i s  t r a n s i e n t  is f u r t h e r  
deve loped  i n  t h e  S L B  e v e n t  t r e e ,  F i g .  4 .2 .  

S i m i l a r l y ,  t h e  o p e r a t i n g  s t a t e s  of o t h e r  s y s t e m s ,  g i v e n  r e a c t o r  t r i p  and 
t u r b i n e  t r i p  f a i l u r e ,  c o u l d  be c o n s i d e r e d  ( r e s u l t i n g  i n  128 end s t a t e s ) .  
However, these c o n t r o l  sys t em f u n c t i o n s  need n o t  be c o n s i d e r e d  b e c a u s e  
o f  t he  a u t o m a t i c  o p e r a t i o n  o f  s a f e t y  s y s t e m s  f o l l o w i n g  a S L B  ( e . g . ,  MFW 
i s o l a t i o n  v a l v e  c l o s u r e  p r e v e n t s  SG o v e r f e e d  r e g a r d l e s s  o f  t h e  o p e r a t i o n  
o f  t h e  MFW r e g u l a t i n g  v a l v e s ) .  To t h e  e x t e n t  r e q u i r e d ,  c o n t r o l  s y s t e m  
f a i l u r e s  combined w i t h  t u r b i n e  t r i p  f a i l u r e  are  c o n s i d e r e d  i n  t h e  S L B  
e v e n t  t r ee .  

Given s u c c e s s f u l  t u r b i n e  t r i p ,  t h e  n e x t  f u n c t i o n  c o n s i d e r e d  is R C S  pres- 
s u r e  c o n t r o l .  Two f a i l u r e  t y p e s  c a n  be p o s t u l a t e d :  f a i l u r e s  r e s u l t i n g  
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F i g .  4 .2 .  Steam l i n e  break  e v e n t  t ree .  

i n  h i g h  R C S  p r e s s u r e  or f a i l u r e s  r e s u l t i n g  i n  low R C S  p r e s s u r e .  
p r e s s u r e  f a i l u r e s  are c o n t r o l l e d  a u t o m a t i c a l l y  by t h e  p r e s s u r i z e r  s a f e t y  
v a l v e s .  Should  t h e  s a f e t y  v a l v e s  or re l ie f  v a l v e s  ( P O R V s )  f a i l  open as 
a r e s u l t  of t h e  t r a n s i e n t ,  a small LOCA would r e s u l t .  The small-break 
LOCA e v e n t  t ree  is shown i n  F i g .  4.3. 

High- 

Low p r e s s u r e  f a i l u r e s  c o u l d  r e s u l t  from f a i l e d  open P O R V s  ( o r  s a f e t y  
v a l v e s )  or a f a i l e d  open p r e s s u r i z e r  s p r a y  v a l v e .  A f a i l e d  open PORV is 
a LOCA. A f a i l e d  open s p r a y  v a l v e  w i l l  r e s u l t  i n  RCS d e p r e s s u r i z a t i o n ;  
however ,  no case was found i n  which t h i s  slow t r a n s i e n t  c o u l d  have  
s a f e t y  i m p l i c a t i o n s .  The most  l i k e l y  s c e n a r i o ,  beyond t h e  o p e r a t o r  
manua l ly  t e r m i n a t i n g  s p r a y  f l o w ,  would be a low R C S  p r e s s u r e  SI s i g n a l  
and a p r o c e d u r a l l y  r e q u i r e d  manual t r i p  of two R C  pumps, which may 
t e r m i n a t e  s p r a y  flow. 

RCS i n v e n t o r y  c o n t r o l  is accompl i shed  by r e g u l a t i n g  t h e  l e tdown  f l o w  
r a t e  and c o n t r o l l i n g  t h e  number of c h a r g i n g  pumps i n  o p e r a t i o n  t o  
m a i n t a i n  a c o n s t a n t  p r e s s u r i z e r  level .  T h i s  equipment  can  f a i l ,  
r e s u l t i n g  i n  e x c e s s i v e  o r  i n s u f f i c i e n t  R C S  i n v e n t o r y  ( i n c r e a s i n g  or 
d e c r e a s i n g  p r e s s u r i z e r  l e v e l ) .  E x c e s s i v e  n e t  c h a r g i n g  flow can  r e s u l t  
i n  s l o w l y  f i l l i n g  t he  p r e s s u r i z e r  a n d ,  assuming t h a t  volume c o n t r o l  t a n k  
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F i g .  4.3. Small-break LOCA e v e n t  t ree .  

(VCT)  i n v e n t o r y  is m a i n t a i n e d ,  p o s s i b l y  damaging t h e  p r e s s u r i z e r  relief 
or s a f e t y  v a l v e s  by l i q u i d  discharge.  T h i s  c o u l d  r e s u l t  i n  a small LOCA 
as i n d i c a t e d  on t he  e v e n t  t r ee .  I n s u f f i c i e n t  n e t  c h a r g i n g  f l o w ,  due  
e i the r  t o  e x c e s s i v e  l e tdown  or i n a d e q u a t e  c h a r g i n g  f low or b o t h ,  w i l l  
r e s u l t  e v e n t u a l l y  i n  d r a i n i n g  the  p r e s s u r i z e r  and l o s i n g  t h e  p r e s s u r i z e r  
heater c o n t r o l  f u n c t i o n .  U n l e s s  manua l ly  i s o l a t e d  or c o n t r o l l e d ,  
c o n t i n u e d  l o s s  of R C S  i n v e n t o r y  would r e s u l t  i n  a L P S I  s i g n a l  and 
p r o b a b l e  i s o l a t i o n  o f  l e t d o w n ,  which t e r m i n a t e s  t h e  t r a n s i e n t .  

F o l l o w i n g  t u r b i n e  t r i p ,  t h e  a t m o s p h e r i c  (steam) dump v a l v e s  and t u r b i n e  
b y p a s s  v a l v e s  open t o  l i m i t  and c o n t r o l  S G  p r e s s u r e .  I f  these v a l v e s  
f a i l e d  t o  open ,  t h e  p r e s s u r e  would be c o n t r o l l e d  by t h e  main steam code  
s a f e t y  v a l v e s .  I f  o n e  o r  more a t m o s p h e r i c  dump or t u r b i n e  b y p a s s  v a l v e s  
f a i l e d  t o  c l o s e ,  a small SLB ( e q u i v a l e n t )  would be i n i t i a t e d .  The S L B  
e v e n t  t ree  is shown i n  F i g .  4.2.  

The f i n a l  c o n t r o l  s y s t e m  f u n c t i o n  c o n s i d e r e d  f o r  t h e  r e a c t o r  t r i p  
i n i t i a t i n g  e v e n t  is FW c o n t r o l .  F o l l o w i n g  r e a c t o r  t r i p ,  FW f l o w  must be 
m a i n t a i n e d  a t  a low f l o w  r a t e  fo r  c o n t i n u a l  removal  o f  c o r e  decay heat.. 



F a i l u r e s  i n  t h e  FW or  c o n d e n s a t e  s y s t e m  can  c a u s e  a l o s s  of FW i n j e c t i o n  
c a p a b i l i t y  and i n i t i a t e  a l o s s  o f  FW t r a n s i e n t .  The loss  of MFW e v e n t  
t ree  is shown i n  F i g .  4 . 4 .  

C o n s i d e r i n g  FW pumping c a p a c i t y ,  t he  f low rate must be l i m i t e d  t o  
p r e v e n t  o v e r f e e d i n g  t h e  SCs. T h i s  is accompl i shed  by a u t o m a t i c a l l y  
c l o s i n g  t h e  MFW r e g u l a t i n g  v a l v e s  and open ing  t h e  b y p a s s  FW r e g u l a t i n g  
v a l v e s  t o  c o n t r o l  t h e  f low ra te  a t  -5% o f  t h e  f u l l  power FW flow rate .  
If e i t h e r  MFW r e g u l a t i n g  v a l v e  f a i l s  t o  c l o s e ,  a SG o v e r f e e d  t r a n s i e n t  
w i l l  o c c u r .  However, even  i f  t h e  sys t em o p e r a t e s  as d e s i g n e d ,  t he  
o p e r a t o r  is r e q u i r e d  t o  manua l ly  t h r o t t l e  t h e  b y p a s s  r e g u l a t i n g  v a l v e  as 
t h e  c o r e  decay heat g e n e r a t i o n  ra te  decreases w i t h  time. I f  t he  
o p e r a t o r  f a i l s  t o  per form t h i s  f u n c t i o n  (or  i f  t he  b y p a s s  r e g u l a t i n g  
v a l v e  f a i l s  o p e n ) ,  a s low S G  o v e r f e e d  t r a n s i e n t  r e s u l t s .  A s  i n d i c a t e d ,  
t h e  S G  o v e r f e e d  t r a n s i e n t s  are deve loped  i n  t h e  SG o v e r f e e d  e v e n t  t r e e ,  
F i g .  4.5. 

As shown i n  F i g .  4 . 1 ,  t h e  o p e r a t i o n  of c o n t r o l  s y s t e m s  f o l l o w i n g  a 
r e a c t o r  t r i p  w i l l  r e s u l t  i n  a normal sa fe  shutdown if a l l  systems 
o p e r a t e  p r o p e r l y .  T h i s  s equence  is  shown i n  t h e  e v e n t  t ree  as t h e  upper 
b r a n c h  of each f u n c t i o n .  However, f a i l u r e s  o f  t h e  c o n t r o l  s y s t e m  can  
resu l t  i n  S G  o v e r f e e d ,  l o s s  o f  FW, or  S L B  or  LOCA t r a n s i e n t s  as  
i n d i c a t e d  i n  F i g .  4 . 1 .  I t  is n o t e d  t h a t  t h e  i n i t i a t i o n  of a t r a n s i e n t  
is  n o t  an R C S  "end s t a t e . "  I n  each case these  t r a n s i e n t s  are  m i t i g a t e d  
by t h e  s u b s e q u e n t  o p e r a t i o n  o f  c o n t r o l  and s a f e t y  sys t ems .  The 
o p e r a t i n g  s t a t e s  of these m i t i g a t i n g  s y s t e m s  are  c o n s i d e r e d  i n  t h e  
t r a n s i e n t - s p e c i f i c  e v e n t  t rees .  

4.3.2.3 T r a n s i e n t s  Te rmina ted  by R e a c t o r  T r i p .  The 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  l i s t e d  i n  Table 4.13 were found t o  f a l l  i n t o  two 
c a t e g o r i e s :  t r a n s i e n t s  t e r m i n a t e d  by r e a c t o r  t r i p  and t r a n s i e n t s  
r e q u i r i n g  o p e r a t i o n  of a d d i t i o n a l  s a f e t y  s y s t e m s .  T r a n s i e n t s  t e r m i n a t e d  
by r e a c t o r  t r i p  may be d e s c r i b e d  by a r e a c t o r  t r i p  e v e n t  t ree  ( F i g .  4 . 1 ) .  
These  t r a n s i e n t s  are d i s c u s s e d  below. 

CEA m a l f u n c t i o n s :  CEA withdrawal  and  CEA d r o p  t r a n s i e n t s  w i l l  r esu l t  i n  
a p e r t u r b a t i o n  o f  t h e  c o r e  power l e v e l  and c o r e  power d i s t r i b u t i o n .  To 
t h e  e x t e n t  t h a t  these t r a n s i e n t s  r e s u l t  i n  RCS parameters e x c e e d i n g  se t -  
p o i n t  v a l u e s ,  t h e y  w i l l  r e s u l t  i n  a r e a c t o r  t r i p .  Once t h e  r e a c t o r  is 
t r i p p e d  and t h e  c o n t r o l  e l e m e n t s  are released from t h e i r  d r i v e  
mechanisms, t h e  t r a n s i e n t  w i l l  p roceed  as shown i n  F i g .  4 .1 .  

Bor i c  acid c o n c e n t r a t i o n  c o n t r o l  m a l f u n c t i o n s :  F a i l u r e s  o f  CVCS e q u i p -  
ment o r  t h e  manual c o n t r o l  o f  t h i s  equipment  d u r i n g  p l anned  changes  i n  
R C  b o r i c  a c i d  c o n c e n t r a t i o n  c o u l d  resu l t  i n  e x c e s s i v e  or i n a d e q u a t e  
c o n c e n t r a t i o n s .  Excess ive  c o n c e n t r a t i o n  of b o r i c  ac id  w i l l  d e c r e a s e  
r e a c t o r  power s l o w l y  and may cause a r e a c t o r  t r i p ,  depend ing  on manual 
c o n t r o l  o f  t h e  t u r b i n e  g e n e r a t o r  a n d / o r  CEAs .  Al though the  b o r i c  acid 
c o n c e n t r a t i o n  w i l l  c o n t i n u e  t o  i n c r e a s e  u n t i l  manua l ly  c o n t r o l l e d ,  no 
a d v e r s e  s a f e t y  consequences  r e su l t .  
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I n a d e q u a t e  bo r i c  a c i d  c o n c e n t r a t i o n ,  a boron  d i l u t i o n  t r a n s i e n t ,  w i l l  
r e s u l t  i n  i n c r e a s e d  core power and ,  u n l e s s  manua l ly  c o n t r o l l e d ,  w i l l  
r e s u l t  i n  reactor t r i p .  Once t h e  reactor is t r i p p e d ,  t h e  d i l u t i o n  w i l l  
c o n t i n u e  u n t i l  manual ly  c o n t r o l l e d .  I f ,  as i n d i c a t e d  i n  F i g .  4 . 1 ,  a n  
a d d i t i o n a l  t r a n s i e n t  is i n i t i a t e d  f o l l o w i n g  r e a c t o r  t r i p ,  t h e  RCS 
r e s p o n s e  may be m a r g i n a l l y  more s e v e r e .  However, f o r  o v e r c o o l i n g  t y p e  
t r a n s i e n t s ,  t h e  r e s u l t i n g  S I  s i g n a l s  would t e r m i n a t e  t h e  boron  d i l u t i o n  
t r a n s i e n t  t h r o u g h  i n i t i a t i o n  of borated S I  and c o n c e n t r a t e d  b o r i c  ac id  
from the  CVCS. 

E lec t r ic  g e n e r a t o r  load m a l f u n c t i o n s :  Rapid i n c r e a s e s  or decreases 
i n  t h e  e l e c t r i c a l  l o a d  p l a c e d  on t h e  p l a n t  g e n e r a t o r  c a n  r e s u l t  i n  a n  
u p s e t  c o n d i t i o n  p o s s i b l y  r e s u l t i n g  i n  t u r b i n e  and r e a c t o r  t r i p ,  which 
w i l l  r e s u l t  i n  t e r m i n a t i n g  t h e  t r a n s i e n t .  

Loss of FW heaters :  Loss of the  steam s u p p l y  t o  t h e  MFW or  c o n d e n s a t e  
heater w i l l  r e s u l t  i n  a decrease i n  FW t e m p e r a t u r e  and a n  i n c r e a s e  i n  
heat  removal  from t h e  R C S .  The more s e v e r e  t r a n s i e n t s  of t h i s  t y p e  
( l o s s  of h i g h - p r e s s u r e  heaters)  would r e s u l t  i n  a r e a c t o r  t r i p .  Once 
t h e  reactor is t r i p p e d ,  t h e  t r a n s i e n t  is t e r m i n a t e d .  

Loss o f  R C  f low:  F a i l u r e s  r e s u l t i n g  i n  t h e  coas tdown or  s e i z u r e  o f  t h e  
RC pumps a t  power w i l l  have a s i g n i f i c a n t  i n i t i a l  e f fec t  on c o r e  heat 
t r a n s f e r .  These t r a n s i e n t s  r e s u l t  i n  a r a p i d  r e a c t o r  t r i p  t o  l i m i t  
t e m p e r a t u r e  i n c r e a s e  of  t h e  f u e l  and  f u e l  c l a d d i n g .  Once t h e  reactor is 
t r i p p e d ,  however ,  s t a b l e  shutdown c o n d i t i o n s  can  be a c h i e v e d  w i t h  t h e  
R C S  i n  a n a t u r a l  c i r c u l a t i o n  mode a d e q u a t e  t o  remove the  decay heat 
g e n e r a t e d  i n  t h e  core. 

4 .3 .2 .4  Loss o f  Main Feedwater .  A loss  or s i g n i f i c a n t  decrease i n  t h e  
MFW flow ra te  a t  power t o  one  or b o t h  SGs w i l l  r e s u l t  i n  a reactor  t r i p .  
T o  t h e  e x t e n t  t h e  i n d i c a t e d  l e v e l  i n  e i ther  S G  is reduced  t o  i ts low 
l e v e l  s e t - p o i n t  v a l u e ,  t h e  s a f e t y  q u a l i f i e d  AFW s y s t e m  w i l l  be i n i t i a t e d .  
These s e q u e n c e s  o f  e v e n t s  are shown i n  t he  l o s s  of MFW e v e n t  t r e e ,  
F i g .  4 . 4 .  

If t h e  AFW o p e r a t e s  as d e s i g n e d ,  a normal  shutdown w i l l  o c c u r .  I t  is 
n o t e d  t h a t  t h e  AFW flow r a t e  is preset and r e q u i r e s  manual t h r o t t l i n g  
similar t o  t h e  MFW bypass  r e g u l a t i n g  v a l v e .  

F a i l u r e  o f  the  AFW is an assumed f a i l u r e  of a s a f e t y  s y s t e m  and t h u s  
beyond t h e  scope of  t h i s  a n a l y s i s .  However, t h i s  s e q u e n c e  r e s u l t s  i n  a 
comple t e  l o s s  of heat  removal  c a p a b i l i t y  t h r o u g h  t h e  SGs. I n  t h i s  
c o n d i t i o n  the core w i l l  be c o o l e d  by b o i l i n g ,  w i t h  R C  discharged t h r o u g h  
t h e  p r e s s u r i z e r  P O R V s  and /o r  s a f e t y  v a l v e s .  However, a t  h i g h  RCS 
p r e s s u r e ,  t h e  R C S  i n v e n t o r y  o f  R C  w i l l  c o n t i n u e  t o  decrease u n l e s s  t h e  
R C S  c a n  be d e p r e s s u r i z e d  t o  a l l o w  i n j e c t i o n  of c o o l a n t  from the  H P S I  
sys tem.  F a i l u r e  t o  i n j e c t  c o o l a n t  a t  a d e q u a t e  ra tes  or t o  res tore  SG 
c o o l i n g  w i l l  r e s u l t  i n  core f a i l u r e .  

4.3.2.5 Loss of Coo lan t  A c c i d e n t s .  Recovery from a breach of the  RCS 
p r e s s u r e  boundary  r e s u l t i n g  i n  a n  u n c o n t r o l l e d  l o s s  of R C  is 
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accompl i shed  by i n j e c t i n g  R C  i n t o  t h e  R C S  a t  ra tes  e x c e e d i n g  t h e  l o s s  of  
R C  p r i o r  t o  t h e  o n s e t  of  core damage ( i n a d e q u a t e  core c o o l i n g ) .  F o r  
break s i z e s  e q u i v a l e n t  i n  s i z e  t o  two open p r e s s u r i z e r  P O R V s  or l a r g e r ,  
R C S  p r e s s u r e  decreases r a p i d l y  and  a n  a d e q u a t e  r a t e  of i n j e c t i o n  is 
a c h i e v e d . "  However, f o r  b r e a k  s i z e s  l a r g e  enough t o  r e p r e s e n t  a 
s i g n i f i c a n t  l o s s  o f  c o o l a n t  b u t  n o t  l a r g e  enough t o  p r o v i d e  a r a p i d  
p r e s s u r e  d r o p  (0.0005 f t 2  < b r e a k  s i z e  <0.02 f t 2 ) ,  t h e  s l o w e r  r a t e  of 
decrease i n  R C S  p r e s s u r e  can  have  a n  a d v e r s e  a f f e c t  on t h e  i n j e c t i o n  
c a p a b i l i t y  of t h e  H P S I  sys t em.13  Under t hese  c o n d i t i o n s ,  p r o p e r  
o p e r a t i o n  of c o n t r o l  s y s t e m s  a p p a r e n t l y  is r e q u i r e d .  

The e v e n t  t ree  f o r  a small-break LOCA is shown i n  F i g .  4.3. A LOCA may 
r e s u l t  from c o n t r o l  s y s t e m  f a i l u r e ,  as d i s c u s s e d ,  o r  r e s u l t  from a 
p o s t u l a t e d  breach o f  t h e  p r e s s u r e  boundary.  A s  i n d i c a t e d  i n  T a b l e  4.13, 
t h e  g e n e r a l  c lass  of small-break LOCAs  i n c l u d e s  CEA e j e c t i o n  a c c i d e n t s  
and S G  t u b e  r u p t u r e s  i n  a d d i t i o n  t o  s i m p l e  L O C A s .  

Al though i t  is r e c o g n i z e d  t h a t  t h e  o p e r a t i o n  o f  the  s a f e t y  and  c o n t r o l  
s y s t e m s  r e q u i r e d  for r e c o v e r y  depends  o n  t h e  break s i z e ,  i n a d e q u a t e  i n f o r -  
m a t i o n  is a v a i l a b l e  t o  s p e c i f y  c r i t i c a l  s i z e s  w i t h o u t  d e t a i l e d  thermal- 
h y d r a u l i c  a n a l y s e s .  However, t h e  r a n g e  of  s i z e s  of  i n t e re s t  is  bound a t  
t h e  upper  end  a t  a b reak  s i z e  of 0 .02  f t 2  and  a t  t he  lower end  by a break 
s i z e  of 0.0005 f t 2 . I 3  

One post-LOCA r e c o v e r y  a c t i o n ,  manual t r i p  of t h e  R C  pumps, is n o t  shown 
on  the e v e n t  t ree .  T r i p  of t h e  RC pumps is n o t  b e l i e v e d  t o  be of 
c o n c e r n  fo r  LOCA b r e a k  s i z e s  less t h a n  0.1 f t 2 .  

A s  shown i n  t h e  e v e n t  t ree ,  t h e  H P S I  is assumed t o  be c r i t i c a l  t o  t h e  
r e c o v e r y  from a LOCA. Al though t h e  f a i l u r e  of t h i s  s a f e t y  s y s t e m  is 
beyond t h e  s c o p e  of t h e  SICS program,  a comple t e  p o s t u l a t e d  f a i l u r e  of 
t h e  H P S I  is assumed t o  r e s u l t  i n  c o r e  f a i l u r e .  However, a s suming  t h e  
H P S I  o p e r a t e s  as d e s i g n e d ,  c o n t r o l  s y s t e m  a c t i o n  is s t i l l  r e q u i r e d  t o  
m a i n t a i n  t h e  R C S  p r e s s u r e  below t h e  s h u t o f f  head of t h e  HPSI  pumps and 
allow a n  a d e q u a t e  i n j e c t i o n  of f l u i d .  

Two o p e r a t o r  a c t i o n s  s p e c i f i e d  i n  t h e  LOCA emergency p r o c e d u r e s  t e n d  t o  
f a c i l i t a t e  R C S  d e p r e s s u r i z a t i o n :  

1 .  t h e  o p e r a t o r  is i n s t r u c t e d  t o  i n i t i a t e  a n  R C S  cooldown,  and  
2. upon i n d i c a t i o n  of r e l a t i v e l y  low R C S  c o l d - l e g  t e m p e r a t u r e s  and 

r e l a t i v e l y  h igh  R C S  p r e s s u r e s ,  t h e  o p e r a t o r  is c a u t i o n e d  t o  
d e p r e s s u r i z e  t h e  RCS t o  a v o i d  e x c e e d i n g  r e a c t o r  v e s s e l  r e f e r e n c e  
t e m p e r a t u r e  f o r  n i l  d u c t i l i t y  t r a n s i t i o n  (RTNDT) 

RCS cooldown is i n i t i a t e d  by manua l ly  o p e n i n g  t h e  a t m o s p h e r i c  dump a n d / o r  
t u r b i n e  b y p a s s  v a l v e s  t o  r e d u c e  S G  s a t u r a t i o n  p r e s s u r e  and  t e m p e r a t u r e .  
The r e d u c t i o n  i n  S G  s a t u r a t i o n  t e m p e r a t u r e  i n c r e a s e s  t he  R C S  t o  S G  heat 
t r a n s f e r  r a t e  a n d ,  i n  c o n j u n c t i o n  w i t h  t h e  p o s t u l a t e d  LOCA,  p romotes  R C S  
d e p r e s s u r i z a t i o n .  F a i l u r e  of t he  o p e r a t o r  t o  manua l ly  open  t h e  v a l v e s  or  
f a i l u r e  o f  t h e  v a l v e s  t o  open  w i l l  r e s u l t  i n  t h e  SGs r e m a i n i n g  a t  t h e i r  
h o t  shutdown p r e s s u r e  s e t  p o i n t  and  c o r r e s p o n d i n g  s a t u r a t i o n  t e m p e r a t u r e .  



The minimum p r e s s u r e  re l ie f  r e q u i r e d  t o  a c h i e v e  a n  a d e q u a t e  cooldown r a t e  
can  be p rov ided  by open ing  bo th  of t h e  a t m o s p h e r i c  d u r i n g  dump v a l u e s  
(-5% steam f low)  o r  any  one  of t h e  t u r b i n e  bypass  v a l u e s  (-10% steam 
flow).  However, i f  t h e  t u r b i n e  bypass  v a l v e s  are u s e d ,  t h e  operator must  
bypass  t h e  SG i s o l a t i o n  i n s t r u m e n t a t i o n  t o  p r e v e n t  c l o s u r e  of t h e  main 
steam i s o l a t i o n  v a l v e s  (MSIVs) on low S G  p r e s s u r e .  T h i s  a c t i o n  is n o t  
s p e c i f i e d  i n  t h e  LOCA emergency p r o c e d u r e s .  Fo l lowing  c l o s u r e  of the  
MSIVs (o r  c l o s u r e  of t h e  t u r b i n e  bypass  v a l v e s  a f t e r  t h e y  are i n i t i a l l y  
o p e n e d ) ,  t h e  o p e r a t o r  must open b o t h  a t m o s p h e r i c  dump v a l v e s  t o  c o n t i n u e  
a d e q u a t e  cooldown. 

Assuming t h e  SGs are n o t  d e p r e s s u r i z e d  a t  an  a d e q u a t e  r a t e ,  heat t r a n s f e r  
t o  t h e  SGs e v e n t u a l l y  w i l l  be l o s t .  ( T h i s  f a i l u r e  e v e n t  is i n d i c a t e d  on 
t h e  e v e n t  t ree  as " S G  a t  s e t - p o i n t  p r e s s u r e " )  Given a l o s s  o f  SG heat 
t r a n s f e r ,  a n o t h e r  means of augment ing  R C S  d e p r e s s u r i z a t i o n  is r e q u i r e d  t o  
p r e v e n t  c o r e  f a i l u r e .  One p o s s i b l e  o p e r a t i o n  would be  t o  open one  o r  
b o t h  P O R V s .  However, due  t o  t h e  h igh  SG t e m p e r a t u r e ,  t h e  RCS c o l d - l e g  
t e m p e r a t u r e s  are  e x p e c t e d  t o  r ema in  r e l a t i v e l y  h i g h .  A s  a r e s u l t ,  
manual ly  o p e n i n g  t h e  P O R V s  is n o t  s p e c i f i e d  i n  t h e  LOCA emergency 
p r o c e d u r e s .  If t h e  o p e r a t o r  f a i l s  t o  open t h e  P O R V s  i n  t h i s  s e q u e n c e ,  
t he  p o s s i b i l i t y  of core f a i l u r e  is assumed. If t h e  RCS d e p r e s s u r i z a t i o n  
is  augmented by o p e n i n g  t h e  P O R V s ,  c o r e  r e c o v e r y  is c o n s i d e r e d  p r o b a b l e .  

O p e r a t i o n  o f  the  C V C S  i n  these  s e q u e n c e s  would have  a smal l ,  p o s i t i v e  
e f f e c t  on c o r e  r e c o v e r y  f o r  a s p e c i f i c  r a n g e  of break s i z e s .  However, 
t h e  major  impact o f  t h e  a d d i t i o n a l  132-gpm i n j e c t i o n  r a t e  is t o  scale 
t h e  r a n g e  of break s i z e s  of  i n t e r e s t  upward by 132  gpm (or  t h e  e x i s t i n g  
c a p a c i t y  o f  t h e  C V C S ) .  

Assuming a d e q u a t e  SG d e p r e s s u r i z a t i o n ,  t h e  s u b s e q u e n t  e f f e c t s  of PORV 
o p e r a t i o n  on c o r e  r e c o v e r y  are c o n s i d e r e d  i n  t h e  uppe r  b r a n c h e s  of t h e  
e v e n t  t r ee .  D e p r e s s u r i z a t i o n  o f  t h e  SGs and the  p r o c e d u r a l l y  r e q u i r e d  
t r i p  of  t h e  RC pumps w i l l  s i g n i f i c a n t l y  r e d u c e  R C S  cold-leg t e m p e r a t u r e s .  
Under these  c o n d i t i o n s ,  t h e  o p e r a t o r  may be r e q u i r e d  t o  d e p r e s s u r i z e  t h e  
R C S  by o p e n i n g  the  P O R V s  i f  t h e  d u c t i l i t y  limits for t h e  r e a c t o r  v e s s e l  
a re  t h r e a t e n e d .  If t h e  o p e r a t o r  f a i l s  t o  manua l ly  open the  PORVs or  the  
P O R V s  f a i l  t o  open  on demand, t h e  o n l y  h a z a r d  would be PTS, which may 
j e o p a r d i z e  r e a c t o r  v e s s e l  i n t e g r i t y .  However, t h e  l i k e l i h o o d  of v e s s e l  
f a i l u r e  unde r  these c o n d i t i o n s  is e x p e c t e d  t o  be small. The e f f e c t s  of 
PTS on t h e  C a l v e r t  C l i f f s  reactor v e s s e l  have  been a n a l y z e d  and the  
r e s u l t s  p r e s e n t e d .  

I n  summary, s e q u e n c e s  of e v e n t s  f o l l o w i n g  a small-break LOCA have  been 
deve loped  and d i s c u s s e d .  Due p r i n c i p a l l y  t o  t h e  r e l a t i v e l y  low s h u t o f f  
head of t h e  H P S I  s y s t e m ,  o p e r a t i o n  and manual c o n t r o l  of the  atmospheric 
dump v a l v e s ,  t u r b i n e  bypass  v a l v e s ,  or p r e s s u r i z e r  P O R V s  have  been 
assumed t o  be r e q u i r e d  for  core r e c o v e r y  a n d / o r  p r o t e c t i o n  of r e a c t o r  
v e s s e l  i n t e g r i t y .  The f o l l o w i n g  are  c o n s i d e r e d  t o  be  s i g n i f i c a n t  
r e s u l t s  of t h e  SICS a n a l y s i s .  

1 .  Small-break LOCAs can  be i n i t i a t e d  by one  o r  more o f  s e v e r a l  
i d e n t i f i e d  c o n t r o l  sys t em f a i l u r e s .  
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2. O p e r a t i o n  o f  t h e  a t m o s p h e r i c  dump v a l v e s ,  t u r b i n e  bypass  v a l v e s ,  

3. O p e r a t i o n  o f  these c o n t r o l  e l e m e n t s  i n  these s e q u e n c e s  r e q u i r e s  

4. The SB-LOCA emergency p r o c e d u r e  does  n o t  e x p l i c i t l y  s p e c i f y  t h e  

a n d / o r  P O R V s  are p r e s e n t l y  p r o c e d u r a l l y  r e q u i r e d  t o  e n s u r e  r e c o v e r y .  

manual i n i t i a t i o n  and r e g u l a t i o n .  

equipment  t o  be i n i t i a t e d  and  r e g u l a t e d .  

I n  a d d i t i o n ,  t he  r e l a t i v e l y  low R C S  p r e s s u r e  (200 p s i )  a t  which t h e  SI 
t a n k s  and t h e  LPSI sys t em b e g i n  t o  i n j e c t  c o o l a n t  i n c r e a s e s  p o t e n t i a l  
dependency on  c o n t r o l  sys t em a c t i o n s .  

4 .3 .2 .6  Loss o f  Non-Emergency ac Power. Dur ing  normal  o p e r a t i o n ,  
C a l v e r t  C l i f f s  p l a n t  e l ec t r i ca l  l o a d s  are f e d  from two 500-kV ac b u s e s  
t h r o u g h  a s e r i e s  o f  t r a n s f o r m e r s  t o  lower  v o l t a g e  b u s e s .  The R C  pump 
m o t o r s  are  f e d  from l3-kV ac b u s e s ,  and o t h e r  p l a n t  l o a d s  are  f e d  from 
4-kV ac b u s e s .  Buses  1 1  and 1 4  i n  U n i t  1 a re  d e s i g n a t e d  1 E  safety-  
q u a l i f i e d  b u s e s  a n d ,  upon b e i n g  d e e n e r g i z e d ,  a re  f e d  from o n - s i t e  
emergency D G s  . 
A l o s s  of non-emergency ac power is d e f i n e d  as  d e e n e r g i z i n g  a l l  l3-kV ac 
buses  s i m u l t a n e o u s l y .  T h i s  t r a n s i e n t  r e s u l t s  i n  a r e a c t o r  t r i p ,  a l o s s  
of MFW f l o w ,  and  coas tdown o f  t h e  R C  pumps. The e v e n t  t ree  i l l u s t r a t i n g  
t h e  a c c i d e n t  s e q u e n c e s  i n i t i a t e d  by  t h i s  l o s s  o f  power is shown i n  
F i g .  4.5. 

The p r i n c i p a l  m i t i g a t i n g  equipment  c o n s i s t s  o f  t h e  emergency o n - s i t e  
DGs and associated c i r c u i t r y .  I f  1 E  kV ac b u s e s  1 1  and 1 4  are  e n e r g i z e d  
by t h e  D G s ,  t h e  t r a n s i e n t  e v e n t  t r ee  would be similar t o  t h e  l o s s  o f  MFW 
t r a n s i e n t  s e q u e n c e s  descr ibed  i n  Sect.  4 .3 .2 .4  (see F i g .  4 . 4 ) .  I n  
a d d i t i o n  t o  t h e  l o s s  o f  FW, t h e  R C  pumps would be s t o p p e d  and  R C  f low 
m a i n t a i n e d  i n  the  R C S  by n a t u r a l  c i r c u l a t i o n .  

I n  t h e  e v e n t  t h e  DGs f a i l e d  t o  e n e r g i z e  e i t h e r  4-kV ac b u s ,  t h e  p l a n t  
c o u l d  be m a i n t a i n e d  i n  a h o t  shutdown c o n d i t i o n  by o p e r a t i o n  o f  t h e  
steam t u r b i n e - d r i v e n  AFW pump and a s s o c i a t e d  c o n t r o l  v a l v e s .  T h i s  
equipment  can  be i n i t i a t e d  and m a i n t a i n e d  i n  o p e r a t i o n  by  the  dc power 
s y s t e m  i n c l u d i n g  b a t t e r y - b a c k e d  120-V ac b u s e s .  

4 .3 .2 .7  S G  Over feed  T r a n s i e n t s .  A s  d i s c u s s e d  i n  Sect. 4 .3 .2 .2 ,  t h e  
MFW f low r a t e  must be c o n t r o l l e d  f o l l o w i n g  a r e a c t o r  t r i p  t o  p r e v e n t  
o v e r f e e d i n g  t h e  SGs. The e v e n t  t ree  d e s c r i b i n g  SC o v e r f e e d  s e q u e n c e s  is 
shown i n  F i g .  4.6. 

F o l l o w i n g  r e a c t o r  t r i p ,  t he  MFW r e g u l a t i n g  v a l v e s  are  s i g n a l e d  t o  c l o s e  
and  t h e  b y p a s s  r e g u l a t i n g  v a l v e  is opened and c o n t r o l l e d  t o  m a i n t a i n  5% 
o f  t h e  f u l l  FW f low ra te .  I f  e i t h e r  o f  t he  two main r e g u l a t i n g  v a l v e s  
f a i l  t o  c l o s e ,  t h e  SG l e v e l  i n  t h e  affected SG w i l l  b e g i n  t o  i n c r e a s e  
r a p i d l y .  

Once t h i s  o v e r f e e d  t r a n s i e n t  is i n i t i a t e d ,  i t  can  be t e r m i n a t e d  o n l y  by 
o p e r a t o r  a c t i o n .  The a c t i o n s  c o n s i d e r e d  most l i k e l y  are manual t r i p  of 
t h e  MFW pumps o r  manual c l o s u r e  o f  the MFW i s o l a t i o n  v a l v e s .  If t h e  
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OPERATOR THROTTLES BYPASS FW REG. VALVES NORMAL 
SHUTDOWN 

REG. VALVE I 
REACTOR T R I P  

LOSS OF M A I N  
FEEDWATER - 
Fig. 4.2 

MFW PUMPS 

OPERATOR F A I L S  TO SLOW SG 
T R I P  MFW PUMPS O V E R F I L L  

(small c o n s e q u e n c e )  

OPERATOR T R I P S  MFW PUMPS LOSS OF MAIN 
FEEDWATER - 
F i g .  4.2 

M A I N  FW RFG V A I V F  

F A I L S  OPEN OR 
F A I L S  TO CLOSE 

C o n t r o l  S y s t e m  o r  
O p e r a t o r  F a i l u r e  

OPERATOR F A I L S  TO TRIP 
MAIN FW PUMPS OR I S O l A T E  FW L! IE  

R A P I D  SG 
OVERF!LL 

F i g .  4.6.  S G  o v e r f e e d  e v e n t  t r ee  ( e x c e s s  FW f low) .  

o p e r a t o r  r e c o g n i z e s  t h e  o v e r f e e d  and  t r i p s  t h e  pumps or  closes t h e  
i s o l a t i o n  v a l v e s ,  t h e  o v e r f e e d  w i l l  b e  t e r m i n a t e d  and  t h e  t r a n s i e n t  w i l l  
p roceed  as  d e p i c t e d  i n  t h e  l o s s  o f  MFW e v e n t  t ree ( F i g .  4.4) .  However, 
i f  t h e  o p e r a t o r  f a i l s  t o  t e r m i n a t e  t h e  o v e r f e e d ,  t h e  SGs w i l l  o v e r f i l l  
and h i g h - t e m p e r a t u r e  water w i l l  be i n j e c t e d  i n t o  t h e  main steam l i n e s .  

A similar t r a n s i e n t  can o c c u r  i f  one  of t h e  MFW r e g u l a t i n g  v a l v e s  f a i l s  
open a t  power. I n  t h i s  case, t h e  t u r b i n e  and  r e a c t o r  w i l l  t r i p  on a 
h i g h  S G  l e v e l ,  and  t h e  o v e r f e e d  t r a n s i e n t  w i l l  p roceed  as n o t e d  or be  
t e r m i n a t e d  a u t o m a t i c a l l y  depend ing  on t h e  p a r t i c u l a r  f a i l u r e .  A number 
of f a i l u r e s  can  o c c u r  t h a t  i n i t i a l l y  c o u l d  open  the  r e g u l a t i n g  v a l v e  b u t  
would be b locked  by t h e  " t u r b i n e  t r i p p e d "  s i g n a l ,  r e s u l t i n g  i n  
r e g u l a t i n g  v a l v e  c l o s u r e .  Other  f a i l u r e s  can  be p o s t u l a t e d  t h a t  open a 
r e g u l a t i n g  v a l v e  b u t  are n o t  b locked  by t h e  t u r b i n e  t r i p p e d  s i g n a l .  

A s p e c i a l  o v e r f e e d  t r a n s i e n t  h a s  been i d e n t i f i e d  f o l l o w i n g  c l o s u r e  of t h e  
MFW r e g u l a t i n g  v a l v e s .  I t  is an  u n u s u a l  s e q u e n c e  i n  t h a t  a slow o v e r f e e d  
is i n i t i a t e d  ( a s suming  t h a t  a l l  equipment  o p e r a t e s  as d e s i g n e d ) .  
Fo l lowing  reactor  t r i p ,  t h e  bypass  FW r e g u l a t i n g  v a l v e s  are a u t o m a t i c a l l y  
c o n t r o l l e d  t o  m a i n t a i n  5% flow. However, S G  l e v e l  is n o t  cont ro l led  
a u t o m a t i c a l l y .  A s  c o r e - g e n e r a t e d  decay  h e a t  decreases, t h e  SG l e v e l  w i l l  
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begin to increase. Unless the MFW flow rate is manually controlled or 
terminated, the SGs will overfill and water will be injected into the 
steam lines. Although failure to manually control FW flow and SG level 
following reactor trip is considered highly unlikely, the initiating 
event (reactor trip) frequency is high. Thus, the overfill sequence 
frequency due to failure to manually throttle the bypass control valves 
may be comparable to more rapid overfill sequences involving equipment 
failure. However, the extremely slow rate of fill, even assuming that 
overfill occurs, is not expected to have significant consequences 
(i.e., this transient is not expected to jeopardize steam line 
integrity). 

The rapid overfill sequences identified in Fig. 4.6 are considered 
significant results of the SICS analysis. The frequency of these 
sequences (which include only those not automatically terminated by a 
turbine tripped signal) are expected to be relatively high due to the 
lack of an automatic means of terminating the transient independently of 
the regulating valves (e.@;., automatically tripping the MFW pumps on 
high SG level). 

The consequences of rapidly injecting FW into the steam lines are 
unanalyzed and not well defined. The principal concern is that the 
injection of water will result in dynamic loads on the steam lines or 
their supports, which could jeopardize their integrity. Failure of the 
steam lines under these conditions would result in a severe RCS 
overcooling transient and could jeopardize other equipment due to pipe 
whip, jet impingement, or flooding. 

4.3.2.8 Steam Line Break. An uncontrolled release of steam from the 
main steam lines, due either to a control system failure as shown in 
Fig. 4.1 or a postulated pipe break, will result in a severe RCS 
overcooling transient. The sequences resulting from the SLB or 
equivalent are shown in the event tree in Fig. 4.2. 

The systems mitigating a SLB are safety systems. As the SGs  are 
depressurized following the SLB, the main steam isolation valves 
(MSIV) and MFW isolation valves are closed automatically. This action 
terminates the transient for all breaks downstream of the MSIV and 
limits the steam release for breaks upstream of the MSIV. The MSIVs 
will isolate all control system failure-initiated steam line break 
equivalents except failed open atmospheric dump valves. Although these 
two valves can release a total of 5% of full main steam flow, even a 
failure of both valves to close would be a self-limited transient with 
negligible safety consequences. 

4.4 IDENTIFICATION OF OPERATOR EFFECTS 

The effects of the possible range of operator actions (i.e., correct 
actions, delayed correct actions, incorrect actions, or inaction) are 
summarized briefly in this section. Discussions of operator action are 
also included in some descriptions of specific scenarios of interest. 
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In general, we have found that the effects of operator action or 
misaction are more significant in the case of Calvert Cliffs than in the 
companion Oconee study because many more of the plant control functions 
at Calvert Cliffs are performed by operators. 

The ground rules of the SICS study state that an operator is assumed to 
take the correct action on time if ( 1 )  the symptoms of the problem are 
clear; ( 2 )  the appropriate responses are included in the written 
procedures, and the procedures are clear and unambiguous; ( 3 )  the means 
are available to take the correct action (e.g., instrument air is 
available to power an actuator); and ( 4 )  sufficient time is available 
for the response. In cases where operator action is critical to the 
successful termination of a transient, the maximum (safe) time allowed 
for operator response is to be noted. 

However, judgments are clearly difficult to make as to whether symptoms 
of any given problem would be clear to an operator, and whether 
sufficient time would in fact be available for the appropriate response 
Based on studies of actual operator response, a considerable range of 
uncertainty of performance could be factored into these studies. This 
would depend not only on the symptoms available (instrument readings) 
and the time within which actions must be taken, but also on more 
subjective factors such as individual operator capabilities and 
training, time of day, and distractions. Hence, in the assignment of 
mumeric values to the probability of an operator responding correctly, 
it should be understood that plant- and operator-dependent error bands 
are very large, corresponding roughly to the scatter in the data in one 
of the better reports currently available on operator response." 
Because no specific database is available on Calvert Cliffs operator 
performance, the current SICS study does not attempt to distinguish 
between or make judgments about their predicted performance or compare 
them to those reported in ref. 1 4  or elsewhere. 

Perhaps because operator response is so difficult to quantify and the 
response time requirements for different accidents vary widely, the NRC 
guidelines are typically not specific on how much time is generally 
allowed for appropriate operator action. F o r  example, in the case of the 
operator manually tripping the primary circulating pumps during certain 
classes of SB-LOCAs, it was assumed that proper operator action could not 
be counted on in less than 2 min." A "commonly accepted" (but, to our 
knowledge, undocumented) NRC limitation is that a plant must be able to 
survive any transient without any operator action for at least 10 min. 
The corresponding limit imposed on the British Advanced Gas Reactors is 
30 min. l 6  

As part of an ORNL subcontract with UCLA, a new tool for dealing with 
operator response, known as the "confusion matrix" technique, is being 
evaluated for possible application to SICS. (The results of the UCLA 
study were not available for inclusion in this report; they will be 
published separately.) Confusion matrices are two-dimensional arrays 
quantifying the probability of confusion between any of the events 
listed on the horizontal axis (actual events or transients) with those 



l i s t e d  on t h e  v e r t i c a l  a x i s  ( o p e r a t o r  d i a g n o s i s ) .  The p r o b a b i l i t i e s  f o r  
m i s d i a g n o s i s ,  which a p p e a r  as nonze ro  o f f - d i a g o n a l  e l e m e n t s ,  are a 
f u n c t i o n  o f  how much time t h e  o p e r a t o r  h a s  t o  f i g u r e  o u t  what happened;  
t h e r e f o r e ,  c o n f u s i o n  matrices t y p i c a l l y  are  p r e s e n t e d  i n  sets 
r e p r e s e n t i n g  s e v e r a l  d i f f e r e n t  times ( e .g . ,  15 min and 1 h ) .  The 
p r o b a b i l i t i e s  a s s i g n e d  t o  each o f  t h e  e l e m e n t s  i n  t h e  m a t r i x  are s u b j e c t  
t o  a wide v a r i e t y  o f  o p i n i o n s  a n d ,  i n  f a c t  ( a s  p r e v i o u s l y  i n d i c a t e d ) ,  
would be v e r y  dependen t  on t h e  p a r t i c u l a r  o p e r a t o r  and h i s  or her 
e x p e r i e n c e  and s t a t e  o f  a l e r t n e s s ,  t h e  p l a n t  i n s t r u m e n t a t i o n  d i s p l a y ,  
t h e  e f f e c t i v e n e s s  o f  t r a i n i n g  programs and d r i l l s ,  and t h e  number o f  
o t h e r  d i s t r a c t i o n s  p r e s e n t .  Confus ion  matrices were a p p l i e d  t o  two 
p r o b a b i l i s t i c  r i s k  a s s e s s m e n t s  ( P R A s ) ,  one  a t  Oconee-3 and t h e  o t h e r  a t  
Seabrook . " , ' *  I n p u t  da ta  f o r  t h e  matrices deve loped  i n  t hese  s t u d i e s  
were d e r i v e d  f rom i n t e r v i e w s  w i t h  s i m u l a t o r  t r a i n i n g  s t a f f ,  o p e r a t o r s ,  
systems a n a l y s t s ,  and p s y c h o l o g i s t s .  O f  t he  two s t u d i e s ,  o n l y  r e f .  17 
p r e s e n t e d  n u m e r i c a l  p r o b a b i l i t y  estimates ( i n  t h e  Seabrook P R A ,  
n o n n e g l i g i b l e  p r o b a b i l i t i e s  f o r  c o n f u s i o n  were g i v e n  o n l y  as h i g h ,  
medium, o r  l ow) .  The a p p l i c a b i l i t y  o f  these s t u d i e s  t o  t h e  C a l v e r t  
C l i f f s  SICS a n a l y s i s  is t e n u o u s  a t  best b e c a u s e  o f  t h e  o b v i o u s  r e a c t o r  
and s i t e  dependency o f  t h e  data d e r i v e d .  The resu l t s  are of g e n e r a l  
i n t e r e s t ,  however ,  i n  t h a t  t h e y  do show some o f  t h e  p o s s i b l e  areas o f  
m i s d i a g n o s i s  i n  t h e  major  s e q u e n c e s  o f  i n t e r e s t  t o  SICS. For  t h e  Oconee 
P R A ,  t h e  t o t a l  p r o b a b i l i t y  f o r  m i s d i a g n o s i s  o f  an SB-LOCA w i t h i n  15 min 
of the  break  was a b o u t  0.05, d r o p p i n g  t o  0.007 a f t e r  t he  o p e r a t o r  has 
had 1 h t o  react .  The c o r r e s p o n d i n g  p r o b a b i l i t i e s  f o r  e x c e s s i v e  
FW flow ( S G  o v e r f e e d )  were 0 .03  and 0.002 r e s p e c t i v e l y .  The Seabrook 
P R A  ra tes  the c o n f u s i o n  l e v e l  f o r  a SB-LOCA ( i n  t h e  f i r s t  5 t o  15 min) 
as r f l ~ ~ , f l  w h i l e  there  were two "h igh"  c o n f u s i o n  l e v e l  e n t r i e s  f o r  t h e  S G  
o v e r f e e d  c a t e g o r y  (SG t u b e  r u p t u r e  and small steam l i n e / f e e d  l i n e  b r e a k )  
as  wel l  as low c o n f u s i o n  l e v e l  items i n  s e v e r a l  o t h e r  c a t e g o r i e s  l i s t e d .  

I n  summary, t h e  two PRA s t u d i e s  i n d i c a t e  t h a t  c h a n c e s  f o r  m i s d i a g n o s i s  
( a n d ,  therefore ,  improper  r e s p o n s e )  t o  the  two major  s e q u e n c e s  of 
i n t e r e s t  are  a b o u t  1 i n  20 t o  1 i n  30 i n  t h e  s h o r t  term, and  a b o u t  
1 i n  100 t o  1 i n  500 i n  t h e  l o n g  term. 

4 .5  ELECTRICAL FAILURES THAT COULD CONTRIBUTE TO SIGNIFICANT A C C I D E N T  
SEQUENCES 

The p l a n t  e l ec t r i ca l  system was treated s e p a r a t e l y  i n  t h e  FMEA because 
t h e  e l ec t r i ca l  s y s t e m  is common t o  many systems t h r o u g h o u t  a n u c l e a r  
power p l a n t .  However, t h e  charter f o r  US1 A-47 was t o  d e t e r m i n e  how t h e  
e l ec t r i ca l  s y s t e m  c o u l d  c a u s e  c o n t r o l  systems t o  f a i l  w i t h  s a f e t y  
i m p l i c a t i o n s .  

The p l a n t  e l e c t r i c a l  s y s t e m  i s  an  a u x i l i a r y  sys t em t h a t  can  impact  
reactor c o r e  c o o l i n g  i n d i r e c t l y  by a f f e c t i n g  c o r e  c o o l i n g  s y s t e m s .  
T h e r e f o r e ,  e l ec t r i ca l  s y s t e m  FMEAs were directed toward  t h o s e  e v e n t s  
d e t e r m i n e d  t o  be  o f  impor t ance  based on s a f e t y  i m p l i c a t i o n s  o f  c o n t r o l  
s y s t e m s  f a i l u r e s .  That is ,  f o r  t h e  e v e n t s  d e t e r m i n e d  t o  be s i g n i f i c a n t ,  
e l ec t r i ca l  s y s t e m  f a i l u r e s  t h a t  c o u l d  c o n t r i b u t e  t o  t h e  e v e n t s  were 
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examined.  Even t s  f o r  which c o n t r o l  s y s t e m  f a i l u r e s  would have  t h e  more 
s i g n i f i c a n t  s a f e t y  i m p l i c a t i o n s  were SG o v e r f i l l  and a c r i t i c a l  s i z e  
break i n  t h e  p r imary  sys t em boundary t h a t  would n o t  d e p r e s s u r i z e  t h e  
p r imary  s y s t e m  r a p i d l y  enough t o  o b t a i n  a d e q u a t e  HPSI  flow. These 
e v e n t s  are  summarized i n  Sect. 4.3.1. 

For p u r p o s e s  of  t h e  FMEA, t h e  C a l v e r t  C l i f f s - 1  e l e c t r i c a l  sys t em was 
s e p a r a t e d  i n t o  ( 1 )  power s u p p l i e s  t o  t h e  r e a c t o r  r e g u l a t i n g  s y s t e m s ,  
( 2 )  t h e  b u l k  ac d i s t r i b u t i o n  s y s t e m ,  and  ( 3 )  t h e  dc d i s t r i b u t i o n  sys t em.  
The r e g u l a t i n g  s y s t e m s  i n c l u d e d  i n  t h e  a n a l y s e s  were r e a c t o r  r e g u l a t i n g  
sys t em;  R C  p r e s s u r e  r e g u l a t i n g  s y s t e m ;  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  
sys t em;  FW r e g u l a t i n g  sys t em;  a t m o s p h e r i c  steam dump and t u r b i n e  bypass  
s y s t e m ,  and  t u r b i n e  g e n e r a t o r  c o n t r o l  sys t em.  Some of these  s y s t e m s  are  
powered by non-Class  1 E  i n s t r u m e n t  b u s e s  and some by Class 1 E  v i t a l  
buses .  F a i l u r e  o f  these c o n t r o l  s y s t e m s  caused  by power s u p p l y  f a i l u r e  
is p r e s e n t e d  i n  d e t a i l  i n  Appendix D ,  i n c l u d i n g  a d e s i g n  d e s c r i p t i o n  of 
each of t h e  r e g u l a t i n g  s y s t e m s  and a d e s c r i p t i o n  of how t h e y  f a i l  on 
l o s s  of  power. Appendix D i n c l u d e s  a n  a n a l y s i s  of  t h e  e f f e c t s  of 
f a i l u r e  o f  a s i n g l e  motor c o n t r o l  c e n t e r  ( M C C ) ,  i n s t r u m e n t  b u s ,  v i t a l  
b u s ,  or dc  bus  t h a t  p r o v i d e s  power t o  any  o f  t h e  c o n t r o l  s y s t e m s .  
Appendix D a l s o  i n c l u d e s  an  a n a l y s i s  of t h e  e f f e c t  o f  f a i l i n g  two b u s e s  
s i m u l t a n e o u s l y .  No e l ec t r i ca l  f a i l u r e s  i d e n t i f i e d  would,  i ndependen t  of 
other  f a i l u r e s ,  have  a s i g n i f i c a n t  s a f e t y  i m p l i c a t i o n .  However, 
Appendix D c o n t a i n s  some recommendat ions which ,  i f  implemented ,  may h e l p  
a v o i d  some u n d e s i r a b l e  f a i l u r e  modes. 

The b u l k  ac d i s t r i b u t i o n  s y s t e m  was e v a l u a t e d  f o r  f a i l u r e  modes t h a t  
c o u l d  c o n t r i b u t e  t o  i m p o r t a n t  e v e n t s  caused  by c o n t r o l  sys t em 
m i s o p e r a t i o n .  The ac d i s t r i b u t i o n  sys t em b u s e s  rev iewed i n c l u d e d  t h e  
500-kV s w i t c h y a r d ,  13-kV s e r v i c e  b u s e s ,  4160-V u n i t  b u s e s ,  480-V u n i t  
b u s e s ,  480-V M C C s ,  and  120-V i n s t r u m e n t  b u s e s .  Loss of a l l  ac power was 
n o t  i n c l u d e d  as p a r t  o f  t h i s  program b e c a u s e  t h a t  i s s u e  is b e i n g  
addressed  i n  a program t o  r e s o l v e  US1 A-44, " S t a t i o n  Blackout .11  S i n g l e -  
bus  f a i l u r e s  t h a t  c o u l d  c o n t r i b u t e  t o  t h e  e v e n t s  of  i n t e r e s t  were 
e v a l u a t e d ,  and  f a i l u r e  modes t h a t  c o u l d  a f f ec t  m u l t i p l e  b u s e s  were 
examined.  

The 125-V d c  sys t em i n t e r a c t s  w i t h  t h e  ac d i s t r i b u t i o n  s y s t e m ,  p l a n t  
r e g u l a t i n g  s y s t e m s ,  and p l a n t  s a f e t y  sys t ems .  Dc b u s  f a i l u r e s  were 
examined t o  d e t e r m i n e  how such  f a i l u r e s  c o u l d  a f f e c t  o t h e r  s y s t e m s  t h a t  
c o n t r i b u t e  t o  e v e n t s  of i n t e r e s t .  

Summarized here are c o n t r o l  sys t em power s u p p l i e s  and ac and  dc power 
s u p p l y  f a i l u r e s  t h a t  c o u l d  c o n t r i b u t e  t o  SG o v e r f i l l  o r  t o  l o s s  of t h e  
c a p a b i l i t y  t o  r e d u c e  p r imary  s y s t e m  p r e s s u r e .  A s i n g l e  i n s t r u m e n t  bus  
f a i l u r e  c a n  c a u s e  FW t o  a SG t o  f a i l  "as is ,"  and t h e  same i n s t r u m e n t  
bus  f a i l u r e  c o u l d  lead t o  a t r i p  of t h e  r e a c t o r  i f  a n  o p e r a t o r  does n o t  
r e spond  p r o p e r l y .  After a reactor t r i p  one  SG would be o v e r f e d ,  and if 
t h e  o p e r a t o r  does n o t  t r i p  t h e  FW pump, t h a t  SG would o v e r f i l l .  A 
s equence  of e v e n t s  f o r  t h i s  s c e n a r i o  is d i s c u s s e d  i n  Sect. 4.3.  
e f f e c t s  caused  by i n s t r u m e n t  bus  f a i l u r e s  t ha t  are  u n d e s i r a b l e ,  a l t h o u g h  
n o t  s e r i o u s  r e l a t i v e  t o  s a f e t y  i m p l i c a t i o n s ,  a re  d i s c u s s e d  i n  Appendix D .  

O the r  
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4.5.1 Elec t r ica l  Sys tem F a i l u r e s  t h a t  Affect t h e  C a p a b i l i t y  t o  
Reduce P r imary  Sys tem P r e s s u r e  

Because  of t h e  low p r e s s u r e  r a t i n g  of t h e  H P S I  pumps a t  C a l v e r t  C l i f f s ,  
i t  is n e c e s s a r y  t o  r e d u c e  p r imary  c o o l a n t  s y s t e m  p r e s s u r e  below its 
normal  o p e r a t i n g  v a l u e  i n  order  f o r  t h e  HPSI  pumps t o  add  water t o  t h e  
reactor  v e s s e l .  The e v e n t  t r e e  fo r  a small-break LOCA ( F i g .  4.3) and 
shows t h a t  a t  l e a s t  two c o n t r o l  s y s t e m s  w i l l  a f f e c t  t h e  s e q u e n c e  o f  
e v e n t s :  SG p r e s s u r e  c o n t r o l  s y s t e m s  and the  P O R V s  on t h e  p r e s s u r i z e r .  

4.5.1.1 E l e c t r i c a l  F a i l u r e s  of t h e  PORV.  The P O R V s  and PORV i s o l a t i o n  
v a l v e s  are s u p p l i e d  by Class 1 E  480-V MCCs 104R and 1 1 4 R  ( see  F i g .  4 . 7 ) .  
C o n t r o l  power f o r  t h e  a u x i l i a r y  r e l a y  t h a t  o p e r a t e s  a PORV is s u p p l i e d  
from a 480/120-V t r a n s f o r m e r  connec ted  t o  MCC 1 0 4 R  or 1 1 4 R .  L i k e w i s e ,  
c o n t r o l  power f o r  o p e r a t i o n  of t h e  moto r -ope ra t ed  i s o l a t i o n  v a l v e  is 
s u p p l i e d  from a s e p a r a t e  480/120-V t r a n s f o r m e r  c o n n e c t e d  t o  MCC 1 0 4 R  o r  
1 1 4 R .  The P O R V s  may be o p e r a t e d  manua l ly  o r  a u t o m a t i c a l l y .  They open 
a u t o m a t i c a l l y  on a 2-of-4 h i g h - p r e s s u r e  (2385  p s i g )  s i g n a l  from t h e  
reactor p r o t e c t i o n  s y s t e m  (RPS),  t h e  s e t  p o i n t  t h a t  would a l s o  t r i p  t h e  
reactor.  An a u x i l i a r y  r e l a y  powered from 125-V d c  bus  1 1  is e n e r g i z e d  
t o  open both P O R V s  when t h e  p r e s s u r i z e r  p r e s s u r e  e x c e e d s  2385 p s i g .  The 
PORV i s o l a t i o n  v a l v e s  are  manua l ly  o p e r a t e d  and do n o t  r e q u i r e  c o n t r o l  
power o t h e r  t h a n  from t h e  associated 480-V MCC. An u n u s u a l  f e a t u r e  of 
t h e  PORVs  and  t h e  i s o l a t i o n  v a l v e s  is t h a t  a PORV and i t s  i s o l a t i o n  
v a l v e  are  n o t  powered from t h e  same 480-V MCC. MCC 
and MCC 1 1 4 R  powers  i t s  associated i s o l a t i o n  v a l v e .  

For  t h e  s e q u e n c e  of i n t e r e s t ,  f a i l u r e  o f  b o t h  P O R V s  
u n d e s i r a b l e  f a i l u r e  t h a t  may lead  t o  c o r e  damage as  
Sect. 5 .2 .1 .  Both  P O R V s  would f a i l  c l o s e d  i f  power 
1 1 4 R  f a i l e d ,  b u t  these MCCs are  Class 1 E  and are i n  

104R powers a PORV 

t o  open is a n  
descr ibed  i n  
from MCCs 104R and 
d i f f e r e n t  d i v i s i o n s .  

F a i l u r e  o f  b o t h  b u s e s  s i m u l t a n e o u s l y  w i t h  a small-break LOCA is n o t  
l i k e l y .  Another  f a i l u r e  mode f o r  which b o t h  v a l v e s  would n o t  open c o u l d  
o c c u r  i f  a PORV were i s o l a t e d  a t  t h e  time a small-break LOCA o c c u r r e d  
f o l l o w e d  by f a i l u r e  of MCC 1 0 4 R  or 1 1 4 R .  P r io r  t o  t h e  LOCA t h e  PORV 
c o u l d  have  been  i so l a t ed  b e c a u s e  o f  a l eak .  If t h e  MCC t h a t  powers t h e  
f u n c t i o n a l  PORV f a i l e d ,  i t  would a l s o  f a i l  t h e  power t o  t h e  closed 
i s o l a t i o n  v a l v e .  U n t i l  power was res tored,  one  PORV c o u l d  n o t  be opened  
and  t h e  second  PORV would r ema in  isolated.  I f  power f a i l e d  b e c a u s e  o f  a 
f a u l t  on t h e  MCC, t h e  MCC would have  t o  be r e p a i r e d  before power c o u l d  
be  res tored.  However, i f  t he  power s o u r c e  f a i l e d ,  MCCs 1 0 4 R  and 114R 
are  c o n n e c t e d  t h r o u g h  two n o r m a l l y  open  breakers t h a t  a r e  a l s o  
key- locked  t o  p r e v e n t  c o n n e c t i n g  t h e  two d i v i s i o n  s o u r c e s  t o g e t h e r .  
T h i s  i n t e r c o n n e c t i o n  c o u l d  be used  t o  r e s t o r e  power t o  t h e  f a i l ed  MCC. 

4 .5 .1 .2  E l e c t r i c a l  F a i l u r e s  A f f e c t i n g  S G  P r e s s u r e  C o n t r o l .  A s econd  
c o n t r o l  s y s t e m  f a i l u r e  t h a t  c a n  a f f ec t  t h e  c a p a b i l i t y  t o  d e p r e s s u r i z e  t h e  
p r i m a r y  s y s t e m  d u r i n g  a s m a l l - b r e a k  LOCA is t h e  t u r b i n e  bypass  and steam 
dump sys t em.  O p e r a t i o n  of t h e  t u r b i n e  b y p a s s  and steam dump c o n t r o l l e r  
is descr ibed  i n  Appendix D .  Atmospher ic  steam dump is c o n t r o l l e d  
a u t o m a t i c a l l y  by p r i m a r y  c o o l a n t  Tavg e r ror ,  b u t  t h e  a t m o s p h e r i c  dump 
v a l v e s  c a n  also be c o n t r o l l e d  manua l ly  from the  c o n t r o l  room or from t h e  
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emergency shutdown p a n e l .  The t u r b i n e  b y p a s s  i s  c o n t r o l l e d  a u t o m a t i c a l l y  
by a Tavg error  s i g n a l  or  by a 900-ps i a  s e t  p o i n t  t o  a p r e s s u r e  
c o n t r o l l e r  as d e s c r i b e d  i n  Appendix D .  

For  t h e  o p e r a t o r  t o  have  t h e  c a p a b i l i t y  t o  r e d u c e  S G  p r e s s u r e  from t h e  
c o n t r o l  room, n o n v i t a l  c o n t r o l  power 1Y09 must be a v a i l a b l e .  However, 
t h e  o p e r a t o r  c a n  p o s i t i o n  two 3-way pneumat i c  hand v a l v e s  t o  t r a n s f e r  
a t m o s p h e r i c  dump v a l v e  c o n t r o l  t o  t h e  a u x i l i a r y  shutdown p a n e l .  A t  t h e  
a u x i l i a r y  shutdown p a n e l  there  are  two hand c o n t r o l l e r s ,  one  f o r  each of 
t h e  a t m o s p h e r i c  dump v a l v e s .  One of  t h e s e  hand c o n t r o l l e r s  is powered by 
v i t a l  bus  1 Y O 1  and  t h e  o ther  by v i t a l  bus  1Y02. T h e r e f o r e ,  a c o m p l e t e  
l o s s  o f  a u x i l i a r y  shutdown p a n e l  c o n t r o l  of t he  a t m o s p h e r i c  dump v a l v e s  
b e c a u s e  of e l ec t r i ca l  f a i l u r e s  would r e q u i r e  f a i l u r e  of two v i t a l  b u s e s  
no rma l ly  powered from d i f f e r e n t  dc  s o u r c e s .  

The t u r b i n e  b y p a s s  v a l v e s  are pneumat i c  v a l v e s  o p e r a t e d  by c u r r e n t - t o -  
pneumat ic  ( I / P )  c o n v e r t e r s  and by s o l e n o i d s  f o r  q u i c k  a c t i o n .  C o n t r o l  
power f o r  t h e  t u r b i n e  bypass  i n s t r u m e n t a t i o n  is s u p p l i e d  by I n s t r u m e n t  
Bus 1Y09 and d c  Bus 1 1 .  F a i l u r e  of e i ther  of  t h e s e  s u p p l i e s  w i l l  c a u s e  
t h e  t u r b i n e  b y p a s s  v a l v e s  t o  f a i l  c l o s e d .  

4.5.1.3 Summary of E lec t r i ca l  F a i l u r e s  A f f e c t i n g  P r imary  Sys tem 
P r e s s u r e  C o n t r o l .  No s i n a l e  f a i l u r e s  i n  the e l ec t r i ca l  s y s t e m  would - 
r e s u l t  i n  b o t h  P O R V s  becoming n o n f u n c t i o n a l  s i m u l t a n e o u s l y  w i t h  l o s s  of  
t h e  a t m o s p h e r i c  dump and  t u r b i n e  bypass  c o n t r o l  sys t em.  Loss of  power 
t o  MCC 1 1 4 R  would f a i l  power t o  one  PORV and c a u s e  l o s s  of power t o  
I n s t r u m e n t  Bus 1Y09. F a i l u r e  of 1 Y O 9  would c a u s e  l o s s  of a u t o m a t i c  
c o n t r o l  of t he  t u r b i n e  bypass  v a l v e s  and  l o s s  i n  t h e  c o n t r o l  room of 
manual  c o n t r o l  of t h e  a t m o s p h e r i c  dump v a l v e s .  However, manual  c o n t r o l  
of t h e  a t m o s p h e r i c  dump v a l v e s  c o u l d  be  t r a n s f e r r e d  t o  t h e  a u x i l i a r y  
shutdown p a n e l  by p o s i t i o n i n g  two manual ,  pneumat i c ,  three-way 
valves--one f o r  each dump v a l v e .  For  t h i s  f a i l u r e  t he  o p e r a t o r  c o u l d  
r e d u c e  p r imary  p r e s s u r e  w i t h  one  r e m a i n i n g  f u n c t i o n a l  P O R V  and  w i t h  two 
a t m o s p h e r i c  dump v a l v e s  manua l ly  c o n t r o l l e d  from the  a u x i l i a r y  shutdown 
p a n e l .  

I f  power c a n n o t  be res tored t o  MCC 1 1 4 R  t h r o u g h  i ts  normal  feeder,  a 
c o n n e c t i o n  t o  MCC 104R c o u l d  be used .  L i k e w i s e ,  I n s t r u m e n t  Bus 1Y09 c a n  
be  c o n n e c t e d  t o  I n s t r u m e n t  Bus 1Y10 i f  power c a n n o t  be r e s to red  t o  lY09 
t h r o u g h  i ts  normal  feed from MCC 1 1 4 R .  The time p e r i o d  from i n i t i a t i o n  
of t he  e v e n t  u n t i l  p o s s i b l e  core uncove ry  n e e d s  f u r t h e r  a n a l y s i s  b e c a u s e  
t h e  t r a n s i e n t s  may be slow enough f o r  r e s t o r a t i o n  of ac power t o  be a 
s i g n i f i c a n t  f a c t o r  i n  t h e  p r o g r e s s i o n  of t h e  t r a n s i e n t .  

4.5.2 Elec t r ica l  Sys tem F a i l u r e s  That Affect SG O v e r f i l l .  

S G  o v e r f i l l  c a n  r e s u l t  from f a i l u r e  t o  c o n t r o l  t h e  MFW or AFW pumps, 
f a i l u r e  t o  r e g u l a t e  t h e  FW flow r e g u l a t i n g  v a l v e s ,  or  a c o m b i n a t i o n  of 
t h e  two. The AFW is n o t  c o n s i d e r e d  i n  t h i s  s e c t i o n  b e c a u s e  i t  is a 
s t a n d b y  s a f e t y  sys t em.  An AFW f a l s e  start  w h i l e  t h e  MFW pumps are 
o p e r a t i n g  would r e s u l t  i n  S G  l e v e l  i n c r e a s e  u n t i l  t he  main feed flow 
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r e g u l a t i n g  v a l v e  r e d u c e d  MFW flow t o  m a i n t a i n  l e v e l  i n  t h e  SG. Some 
e l ec t r i ca l  f a i l u r e s  c o u l d  c a u s e  S G  o v e r f e e d  and  o v e r f i l l  u n l e s s  
t e r m i n a t e d  by o p e r a t o r  i n t e r v e n t i o n .  

4.5.2.1 Electr ical  F a i l u r e  of t h e  S G  FW C o n t r o l  System. The normal  
e l ec t r i ca l  feed t o  t h e  FW c o n t r o l  s y s t e m  is a Class 1 E  120-V ac v i t a l  
i n s t r u m e n t  bus  from a n  e s s e n t i a l  s a f e t y  f e a t u r e s  (ESF) i n v e r t e r .  Upon 
f a i l u r e  of  t h i s  c i r c u i t ,  t h e  l e v e l  s y s t e m  is a u t o m a t i c a l l y  t r a n s f e r r e d  
t o  a non-Class  1 E  120-V ac i n s t r u m e n t  bus .  ( T h i s  FW r e g u l a t i n g  sys t em 
is descr ibed i n  Appendix D ,  Sect. 3 .5 . )  Each S G  has a MFW r e g u l a t i n g  
v a l v e  c o n t r o l l e d  by its associated FW c o n t r o l  sys t em.  The re  are no 
r e d u n d a n t  FW c o n t r o l  s y s t e m s ;  however ,  t o  p r e v e n t  l o s s  o f  FW t o  a SG, 
each S G  c o n t r o l  sys t em has r edundan t  power s o u r c e s  t h a t  are t r a n s f e r r e d  
a u t o m a t i c a l l y .  Each of t h e  two FW r e g u l a t i n g  v a l v e s  r e c e i v e s  c o n t r o l  
power from a d i f f e r e n t  i n s t r u m e n t  b u s ,  and  l o s s  of a n  i n s t r u m e n t  bus  
w i l l  c a u s e  t h e  associated r e g u l a t i n g  v a l v e  t o  f a i l  as is. F a i l u r e  of 
I n s t r u m e n t  Bus 1Y09 w i l l  a l s o  c a u s e  t h e  MFW pump t u r b i n e  t o  f a i l  as is 
(descr ibed i n  Sect. 4 . 5 . 2 . 2 ) .  T h i s  w i l l  n o t  c a u s e  a p l a n t  t r a n s i e n t  by 
i t s e l f ,  b u t  i f  t h e  p l a n t  t r i p s - - w h i c h  c o u l d  o c c u r  on l o s s  of i n s t r u m e n t  
power--one S G  would be  o v e r f e d  and a n  o p e r a t o r  would have  t o  decrease FW 
flow t o  p r e v e n t  SG o v e r f i l l .  

4 .5 .2 .2  E l e c t r i c a l  F a i l u r e  of t h e  FW Pump T u r b i n e  C o n t r o l  System. FW 
t u r b i n e s  r e q u i r e  steam, l u b r i c a t i n g  o i l ,  and e l ec t r i ca l  power f o r  
o r d e r l y  o p e r a t i o n .  Steam t o  t h e  MFW pump t u r b i n e  is s u p p l i e d  from main 
s t e a m ,  reheat steam, or  t h e  a u x i l i a r y  SG.  Lube o i l  is s u p p l i e d  by t h e  
main o i l  pump, which i s  powered from 480-V MCC 106,  by t h e  a u x i l i a r y  o i l  
pump (powered from 480-V MCC 1 1 6 ) ,  o r  by t h e  emergency o i l  pump 
( c o n n e c t e d  t o  250-V d c  bus  l 3 ) ,  which w i l l  s t a r t  a u t o m a t i c a l l y  on low 
o i l  p r e s s u r e .  E lec t r ica l  power t o  t h e  t u r b i n e  speed  c o n t r o l  c i r c u i t s  is 
s u p p l i e d  by 120-V ac i n s t r u m e n t  power 1Y09 and  125-V d c  power from a n  
ESF b a t t e r y .  

Automat ic  s p e e d  c o n t r o l  is d e r i v e d  from t h e  p r e s s u r e  d i f f e r e n t i a l  ( d P )  
across t h e  MFW r e g u l a t i n g  v a l v e .  The c o n t r o l l e r  v a r i e s  t h e  s p e e d  of  
bo th  pumps based on a low v a l u e  dP s i g n a l  from t h e  FW r e g u l a t i n g  v a l v e s .  
The main pu rpose  of t h i s  c o n t r o l  loop is t o  m a i n t a i n  e f f i c i e n t  pump 
o p e r a t i o n  ra ther  t h a n  t o  c o n t r o l  flow. The low s i g n a l  se lector  f o r c e s  
t h e  pumps t o  r u n  a t  t h e  same s p e e d ,  w i t h  t h e  S G  l e v e l  c o n t r o l s  
modu la t ing  t h e  c o n t r o l  v a l v e s .  F a i l u r e  of 1Y09 or components f e d  from 
i t  w i l l  c a u s e  t h e  a u t o m a t i c  c o n t r o l  a c t i o n  t o  cease w i t h  t h e  t u r b i n e  
speed a s  is. 

With no a u t o m a t i c  c o n t r o l  a c t i o n ,  t h e  o p e r a t o r  may c o n t r o l  t u r b i n e  s p e e d  
by u s e  of t h e  motor speed  c h a n g e r ,  which is powered from a dc bus.  T h i s  
a c t i o n  can  r e g u l a t e  t h e  speed  o n l y  below t h e  as- is  f a i l e d  speed s e t t i n g  
because  of t h e  h y d r a u l i c  low-value  selector g a t e .  If a SG is b e i n g  
o v e r f e d  because  o f  f a i l u r e  of an  i n s t r u m e n t  b u s ,  t he  moto r -d r iven  s p e e d  
change r  would s t i l l  g i v e  t he  o p e r a t o r s  manual c o n t r o l  of t he  FW t u r b i n e .  

If 1Y09 is e n e r g i z e d  and  l o s s  of dc power o c c u r s  a f t e r  t h e  motor  s p e e d  
changer  c o n t r o l  has reached t h e  h i g h  speed s t o p  l i m i t ,  a u t o m a t i c  c o n t r o l  
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w i l l  have  no e f f ec t  u n l e s s  t he  a u t o m a t i c  a c t i o n  r e q u i r e s  s p e e d s  o f  less 
t h a n  2000 rpm. The l o s s  o f  dc power would c a u s e  t h e  MFW t u r b i n e  t r i p s  
t o  f a i l  b e c a u s e  t h e y  a re  e n e r g i z e d  t o  t r i p .  The dc power l o s s  is 
a n n u n c i a t e d .  

4 .5 .2 .3  Summary o f  E lec t r ica l  F a i l u r e s  A f f e c t i n g  S G  O v e r f i l l .  F a i l u r e  
o f  o n e  i n s t r u m e n t  b u s  can  c a u s e  S G  o v e r f e e d ,  b u t  no s i n g l e  f a i l u r e  o f  a n  
e l ec t r i ca l  sys t em w i l l  c a u s e  an  o v e r f i l l  c o n d i t i o n ,  a l t h o u g h  prompt ,  
d e c i s i v e  o p e r a t o r  a c t i o n  may be r e q u i r e d  t o  p r e v e n t  o v e r f i l l .  There is 
some redundancy  i n  t h e  l e v e l  c o n t r o l  b u t  n o t  i n  t h e  FW t u r b i n e  c o n t r o l .  
There e x i s t  ways o f  r e e s t a b l i s h i n g  f a i l ed  b u s e s  t h r o u g h  a l t e r n a t e  feeds 
by manual o p e r a t i o n s ,  which c o u l d  be a s h o r t - t e r m  s o l u t i o n  i f  t h e  
f a i l u r e  i n d e e d  o c c u r r e d  a t  t h e  bus .  

4 .5 .3  Q u a n t i t a t i v e  A n a l y s i s  o f  E lec t r ica l  F a i l u r e  

Electr ical  f a i l u r e  p r o b a b i l i t i e s  were estimated t o  show how t h e y  
c o n t r i b u t e  t o  SICS f a i l u r e .  E lec t r ica l  f a i l u r e s  t h a t  c o u l d  c a u s e  b o t h  
p r e s s u r i z e r  P O R V s  t o  f a i l  c l o s e d  were examined t o  d e t e r m i n e  t h e  
p r o b a b i l i t y  t h a t  b o t h  P O R V s  would f a i l  t o  open. There are  no 
s i n g l e - e l e m e n t  c u t s e t s  o t h e r  t h a n  common-cause f a i l u r e s  t h a t  can  c a u s e  
b o t h  P O R V s  t o  f a i l  t o  open  s i m u l t a n e o u s l y .  The basic e v e n t s  are 
d i s c u s s e d  i n  Sect.  4 . 5 . 1 . 1 ,  and estimates o f  t h e i r  p r o b a b i l i t i e s  o r  
f r e q u e n c i e s  o f  f a i l u r e  are  as f o l l o w s :  

1 .  I ndependen t  f a i l u r e  o f  a s i n g l e  480-V MCC (104R o r  1 1 4 R ) :  
3 .5E-2/ ry  ( r e f .  1 9 )  

2. Common-cause f a i l u r e  o f  two 480-V M C C s :  3 .5E-3I ry .  

3. U n a v a i l a b i l i t y  of  a s i n g l e  PORV ( i so la ted  f o r  ma in tenance  by a motor- 
o p e r a t e d  v a l v e ) :  2E-2. 

The f r e q u e n c y  p e r  r e a c t o r  year t h a t  b o t h  P O R V s  would be u n a v a i l a b l e  
s i m u l t a n e o u s l y  is 

PTE = (3 .5E-2) (3 .5E-2)  + 3.5E-3 + 2(2E-2) (3 .5E-2)  = 6E-3/ ry .  

However, u n a v a i l a b i l i t y  of  b o t h  P O R V s  is of no consequence  u n l e s s  there  
is a l s o  a n  a c c i d e n t .  The p r o b a b i l i t y  o f  a c r i t i c a l  s i z e  LOCA o c c u r r i n g  
s i m u l t a n e o u s l y  w i t h  f a i l u r e  o f  b o t h  PORVs  is small because there is no 
i d e n t i f i e d  c o u p l i n g  of t h o s e  e v e n t s  o t h e r  t h a n  a p o s s i b i l i t y  o f  t h e  
o p e r a t o r  i s o l a t i n g  t h e  PORVs  i n  e r r o r  o r  f a i l i n g  t o  open them. Assuming 
t h a t  b o t h  P O R V s  are u n a v a i l a b l e  f o r  24 h f o l l o w i n g  t h e i r  s i m u l t a n e o u s  
f a i l u r e ,  t h e  p r o b a b i l i t y  t h a t  t h e y  would be u n a v a i l a b l e  when r e q u e s t e d  
is (3E-3 ) (5E-3 / ry )  = 2E-5/ry.  

F a i l u r e  o f  e l ec t r i ca l  s y s t e m s  a l s o  a f fec ts  the  sequence  i n  which t h e  
atmospheric steam dump and t u r b i n e  bypass  v a l v e s  are  needed  t o  c o n t r o l  
p r i m a r y  s y s t e m  p r e s s u r e  by dumping steam from t h e  s e c o n d a r y .  The proba- 
b i l i t y  o f  l o s s  o f  s e c o n d a r y - s i d e  atmospheric steam dump and t u r b i n e  
bypass  c o n t r o l s  i n v o l v e s  f a i l u r e  o f  I n s t r u m e n t  Bus 1YO9 and f a i l u r e  o f  
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an  o p e r a t o r  t o  t r a n s f e r  c o n t r o l  of t h e  a t m o s p h e r i c  steam dump v a l v e s  
( A D V s )  t o  v i t a l  b u s e s  1 Y O 1  and 1Y02. T r a n s f e r  of t h e  A D V s  from 1Y09 t o  
l Y l 0  is accomplished by manua l ly  p o s i t i o n i n g  a three-way pneumat ic  v a l v e  
fo r  each dump v a l v e .  R e p o s i t i o n i n g  these v a l v e s  t r a n s f e r s  c o n t r o l  of  
t he  A D V s  t o  a l t e r n a t e  c o n t r o l l e r s  i n  t h e  a u x i l i a r y  shutdown p a n e l .  
These c o n t r o l l e r s  are powered by 1 Y O 1  and 1Y02. The p r o b a b i l i t y  of 
s i m u l t a n e o u s  o c c u r r e n c e  of a c r i t i c a l  s i z e  LOCA and loss of t h e  
i n s t r u m e n t  bus  i s  smal l ,  b u t  t h e  i n s t r u m e n t  b u s  is o c c a s i o n a l l y  o u t  of 
s e r v i c e  for  r e p a i r .  If t h e  SB-LOCA o c c u r r e d  when 1Y09 was u n a v a i l a b l e ,  
s e c o n d a r y - s i d e  p r e s s u r e  c o n t r o l  would n o t  be f u n c t i o n a l .  I t  is 
estimated t h a t  i t  would t ake  a maximum of one day t o  repa i r  1Y09 when i t  
f a i l s .  T h e r e f o r e ,  u n a v a i l a b i l i t y  of 1Y09 would be ( 1  d l 3 6 5  d )  
(3 .5E-2/ ry)  = 1E-4/ ry ,  assuming i t  has t h e  same p r o b a b i l i t y  of f a i l u r e  
as a 480-V MCC. The p r o b a b i l i t y  o f  o p e r a t o r  f a i l u r e  t o  t r a n s f e r  t o  1 Y O 1  
o r  1Y02 was estimated t o  be 0.1.  The p r o b a b i l i t y  of a small-break LOCA 
would be m u l t i p l i e d  times t h e  u n a v a i l a b i l i t y  of t h e  s e c o n d a r y  steam dump 
s y s  terns. 

Elec t r ica l  f a i l u r e s  t h a t  may c o n t r i b u t e  t o  SG o v e r f i l l  i n v o l v e  f a i l u r e  
of  a FW t u r b i n e  s p e e d  c o n t r o l  sys tem.  F a i l u r e  o f  one  of two i n s t r u m e n t  
b u s e s  w i l l  c a u s e  one  of t h e  MFW r e g u l a t i n g  v a l v e s  t o  f a i l  as is ,  a n d  i t  
would a l so  c a u s e  t h e  FW t u r b i n e  speed  c o n t r o l  t o  f a i l  as is. If t h e  
i n s t r u m e n t  bus  f a i l u r e  caused  a p l a n t  t r i p ,  one  o f  t h e  SGs would be 
o v e r f e d  and  t h e  o p e r a t o r  would have  t o  decrease FW flow t o  p r e v e n t  
o v e r f i l l .  The p r o b a b i l i t y  of a n  i n s t r u m e n t  bus  f a i l u r e  is 3.5E-2, and  
the  p r o b a b i l i t y  of o p e r a t o r  error is d i s c u s s e d  i n  Sect. 4 .4 .  The 
p r o b a b i l i t y  of o v e r f e e d i n g  a t  l e a s t  one S G  e q u a l s  t he  p r o b a b i l i t y  t h a t  
one  of  two i n s t r u m e n t  b u s e s  w i l l  t r i p  times t h e  p r o b a b i l i t y  t h a t  i t  
would c a u s e  a p l a n t  t r i p .  After a n  i n s t r u m e n t  bus  f a i l u r e ,  a n  o p e r a t o r  
would have  time t o  t r a n s f e r  r e g u l a t i n g  sys t ems  t o  t h e  r e m a i n i n g  bus .  We 
have  estimated t h a t  t h e  o p e r a t o r s  would have  a 0.5 p r o b a b i l i t y  of 
a v o i d i n g  a reactor  t r i p .  Therefore t h e  p r o b a b i l i t y  of S G  o v e r f e e d  is 
( 2 ) ( 3 . 5 E - 2 ) ( 0 . 5 )  = 3.5E-2. The p r o b a b i l i t y  of S G  o v e r f i l l  is d i s c u s s e d  
i n  a l a t e r  s e c t i o n .  

4 .6  INSTRUMENT A I R  FAILURES THAT COULD CONTRIBUTE TO S I G N I F I C A N T  
ACCIDENT SEQUENCES 

A FMEA o f  t h e  i n s t r u m e n t  a i r  ( I A )  sy s t em was performed t o  d e t e r m i n e  t h e  
impact of major component f a i l u r e s  w i t h i n  t h a t  s y s t e m  on t h e  C a l v e r t  
C l i f f s  n u c l e a r  u n i t s .  A b r ie f  d e s c r i p t i o n  o f  t h e  I A  sys t em can  be found 
i n  Appendix B of t h i s  r e p o r t ,  and the  d e t a i l e d  FMEA o f  t h e  I A  s y s t e m  is 
c o n t a i n e d  i n  Appendix C .  

The I A  sys t em FMEA disc losed  t h a t  many of t h e  f a i l u r e s  c o n s i d e r e d  d i d  
n o t  r e s u l t  i n  s u b s t a n t i a l  d i s t u r b a n c e s  t o  t h e  I A  s y s t e m  b e c a u s e  of t he  
d e s i g n  of t h e  C a l v e r t  C l i f f s  sys tem.  T h i s  was due i n  large measure  t o  
t h e  t h o u g h t f u l  d e s i g n  of t h e  I A  sys t em and  the  u s e  of r e d u n d a n t  
components .  The a n a l y s i s  disclosed, however ,  t h a t  s e v e r a l  f a i l u r e s  have  
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t h e  p o t e n t i a l  t o  c a u s e  l o s s  o f  a d e q u a t e  a i r  p r e s s u r e  fo r  t h e  v a l v e s ,  
i n s t r u m e n t s ,  and c o n t r o l l e r s  t h r o u g h o u t  t h e  p l a n t .  These f a i l u r e s  
i n c l u d e  t h e  f o l l o w i n g :  

1 .  F a i l u r e  open of p r e s s u r e  re l ie f  v a l v e s  on t h e  a i r  r e c e i v e r s  and t h e  
I A  compressor  a f t e r c o o l e r / m o i s t u r e  separators.  

2. F a i l u r e  closed of manual i s o l a t i o n  v a l v e s  on the  I A  p r e f i l t e r s ,  
a i r  d r y e r ,  and  a f t e r f i l t e r s .  

3. Rupture  of t h e  I A  s e r v i c e  header downstream of  t h e  a f t e r f i l t e r s .  
( T h i s  t y p e  f a i l u r e  is n o t  a c o n t r o l  s y s t e m  f a i l u r e  b u t  has  
o c c u r r e d  on  o p e r a t i n g  n u c l e a r  p l a n t s  and i s ,  the re fo re ,  con- 
sidered i n  t h i s  r e p o r t . )  

4. F a i l u r e  closed of branch  i s o l a t i o n  v a l v e s  i n  t h e  I A  s e r v i c e  
header downstream of the  af terf  il ters.  

For  a l l  of t h e  above f a i l u r e s  e x c e p t  a c t u a l  r u p t u r e  o f  t h e  s e r v i c e  
h e a d e r ,  t h e  l o s s  of  a i r  e v e n t  can  be r e v e r s e d  ( t e r m i n a t e d )  s i m p l y  by 
o p e n i n g  ( c l o s i n g )  t h e  a p p r o p r i a t e  v a l v e s  i n  t h e  I A  sys tem.  For example,  
t h e  e v e n t  t h a t  r e s u l t s  from f a i l u r e  open  of a i r  r e c e i v e r  p r e s s u r e  r e l i e f  
v a l v e s  can be t e r m i n a t e d  by c l o s i n g  t h e  i n l e t  and o u t l e t  i s o l a t i o n  
v a l v e s  of t h e  affected r e c e i v e r .  T h i s  means t h a t ,  f o r  most of t h e  
f a i l u r e s  c o n s i d e r e d ,  i t  is r e a s o n a b l e  t o  assume t h a t  o p e r a t i o n s /  
main tenance  p e r s o n n e l  c a n  take e f f e c t i v e  a c t i o n  t o  t e r m i n a t e  t h e  l o s s  of 
a i r  e v e n t  g i v e n  a r e a s o n a b l e  amount of time i n  which t o  d i a g n o s e  t he  
problem. 

The I A  s y s t e m  p r o v i d e s  compressed a i r  fo r  o p e r a t i n g  v a l v e s ,  i n s t r u m e n t s ,  
and c o n t r o l l e r s  t h r o u g h o u t  t h e  C a l v e r t  C l i f f s  p l a n t .  Equipment,  
s y s t e m s ,  and p l a n t  areas u t i l i z i n g  I A  i n c l u d e  the  f o l l o w i n g :  

1 .  
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
1 1 .  
12. 

13. 
1 4 .  
15. 
16. 
17. 

DCs 1 1  and 1 2  25. 
RWT heat exchanger  room 24. 
West p e n e t r a t i o n  room 25. 
Letdown heat exchanger  26. 
Spent  f u e l  p o o l  c o o l i n g  room 27. 
Valve compartment 28. 
CVCS i o n  e x c h a n g e r  29. 
Component c o o l i n g  room 30. 
ECCS pump room Nos. 1 1  and  1 2  31. 
VCT and eas t  rooms 32. 
C h a r g i n g  pump room 33. 
M i s c e l l a n e o u s  waste r e c e i v e r  34. 

t a n k  room 35 
C r y o g e n i c s  room 36. 
RCW pump room 37. 
A u x i l i a r y  B u i l d i n g  HV ac areas 38. 
S e r v i c e  water pump room 39. 
East p i p i n g  p e n e t r a t i o n  room 40. 

Access c o n t r o l  HV ac 
I & C  shop  
P l a n t  computer  
Blowdown t a n k  area 
RCW Waste e v a p o r a t o r  
M i s c e l l a n e o u s  waste e v a p o r a t o r  
Upender 
C a u s t i c  s t o r a g e  t a n k  
Makeup d e m i n e r a l i z e r  
Condensa te  p o l i s h e r s  
T u r b i n e  d e c k ,  eas t  and west 
A u x i l i a r y  b o i l e r s  
Deaer a t  o r  
Condenser  area r i n g  
Sewage t r e a t m e n t  
I n t a k e  c i r c u l a t i n g  water pumps 
Condensa te  p r e c o a t  f i l t e r s  
T u r b i n e  l u b e  o i l  coolers 
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18. East e l ec t r i ca l  p e n e t r a t i o n  4 1 .  FW Heaters 1 4 A ,  1 4 B ,  15A, 15B, 
room 16A, and 16B 

19. S e r v i c e  water heat t a n k  area 42. AFW pumps 
20. Main p l a n t  area 43. Condenser  area west 
21. B a t t e r y  v e n t  area 44.  M o i s t u r e  s e p a r a t o r  r e h e a t e r s  11 
22. Component c o o l i n g  head  t a n k  and  12  

From t h e  above l ist  i t  can  be s e e n  t h a t  t h e  I A  sys t em s e r v e s  a l a r g e  
number o f  l o a d s  t h r o u g h o u t  t h e  p l a n t ,  and t h a t  c o n s e q u e n t l y  t h e  l o s s  of  
a i r  c o u l d  r e s u l t  i n  v e r y  c o m p l i c a t e d  o p e r a t i o n a l  problem s c e n a r i o s .  
T h i s  s i t u a t i o n  is m i t i g a t e d  somewhat by t h e  f ac t  t h a t ,  w h i l e  a l l  of t h e  
sys t ems  l i s t e d  u s e  i n s t r u m e n t  a i r  f o r  r o u t i n e  p l a n t  o p e r a t i o n s ,  most o f  
t h e  p l a n t  s y s t e m s  can  be  s a t i s f a c t o r i l y  o p e r a t e d  i n  a manual mode s h o u l d  
v a l v e s  and  i n s t r u m e n t s  m i s o p e r a t e  as a r e s u l t  o f  i n s t r u m e n t  a i r  f a i l u r e s .  
F u r t h e r ,  n o t  a l l  of  t h e  s y s t e m s  l i s t e d  have  a d i r e c t  effect  on p l a n t  
r e s p o n s e ,  and  t h e r e f o r e  are  n o t  n e c e s s a r y  t o  c o n t r o l  o r  m i t i g a t e  
abnormal  p l a n t  t r a n s i e n t s  o r  t o  b r i n g  t h e  p l a n t  t o  a s a f e  shutdown 
c o n d i t i o n .  

I n  a lo s s -o f - IA  c a s u a l t y ,  a p i p i n g  r u p t u r e  or  o t h e r  f a i l u r e  o f  t h e  I A  
sys t em c a u s e s  a i r  t o  be  released a t  a r a t e  f a s t e r  t h a n  i t  c a n  be  
s u p p l i e d  by t h e  o p e r a t i n g  compresso r s .  I A  p r e s s u r e  therefore  decreases 
below t h e  normal  93- t o  100-ps ig  o p e r a t i n g  r a n g e ,  and t h e  f o l l o w i n g  
sequence  of a c t i o n s  a u t o m a t i c a l l y  o c c u r s :  

1 .  
2. 
3. 

4.  

5. 

6. 
7. 

The a u t o m a t i c  ( s t a n d b y )  I A  compressor  s ta r t s  a t  90 p s i g .  
A t  88 p s i g ,  a n  I A  l ow-pres su re  alarm a l e r t s  t h e  o p e r a t o r .  
The p l a n t  a i r  ( P A )  t o  t h e  I A  c r o s s - c o n n e c t  v a l v e  opens  a t  85 p s i g  I A  
p r e s s u r e .  A s  t h e  PA sys t em s u p p l i e s  a i r  t o  t h e  I A  s y s t e m ,  t h e  
PA s y s t e m  p r e s s u r e  decreases below t h e  normal  93- t o  100-ps ig  
o p e r a t i n g  r a n g e .  
The o t h e r  u n i t ' s  PA compressor  s tar ts  a t  90 p s i g  PA p r e s s u r e  and 
s u p p l i e s  a i r  t o  t h e  a f f ec t ed  PA sys t em and t h e  PA t i e l i n e .  
The PA s e r v i c e  header i s o l a t i o n  v a l v e s  s h u t  a t  85 p s i g  PA 
p r e s s u r e ,  c a u s i n g  t h e  two PA compresso r s  t o  d i s c h a r g e  o n l y  t o  
t he  affected I A  sys t em.  
The PA low-pres su re  alarm a c t u a t e s  a t  80 p s i g .  
The con ta inmen t  I A  c o n t r o l  v a l v e  closes a t  75 p s i g  I A  p r e s s u r e .  

I n  Emergency O p e r a t i n g  P r o c e d u r e  EOP-14, "Loss of I n s t r u m e n t  A i r , "  
( r e c e n t l y  changed t o  AOP-7D)20 remedial a c t i o n s  are  s p e c i f i e d  fo r  two 
classes of I A  l o s s .  I A  is d e f i n e d  a s  c o m p l e t e l y  l o s t  when I A  sys t em 
p r e s s u r e  d r o p s  below 50 p s i g  o r  when p r e s s u r e  is d e c r e a s i n g  s o  r a p i d l y  
t h a t  leak  d e t e c t i o n  and i s o l a t i o n  is n o t  p o s s i b l e .  A p a r t i a l  l o s s  of  
i n s t r u m e n t  a i r  is c o n s i d e r e d  t o  e x i s t  when I A  s y s t e m  p r e s s u r e  is above  
50 p s i g  and  is d e c r e a s i n g  s l o w l y  enough t o  a l l o w  time f o r  l eak  d e t e c t i o n  
and  i s o l a t i o n .  

C o n d i t i o n s  c h a r a c t e r i s t i c  of a comple t e  loss  of i n s t r u m e n t  a i r  are 

I A  sys t em p r e s s u r e  less t h a n  50 p s i g  and  d e c r e a s i n g ,  
I A  l ow-pres su re  alarm, 
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I A  c o m p r e s s o r s  b o t h  r u n n i n g  or b o t h  o f f ,  
PA-to-IA c r o s s - c o n n e c t  v a l v e  open ,  
I A  compressor  t r o u b l e  alarm, 
b o t h  I A  d r y e r  t o w e r s  r e g e n e r a t i n g ,  and 
s w i t c h i n g  f a i l u r e  alarm a t  I A  d r y e r .  

Once a c o m p l e t e  l o s s  o f  i n s t r u m e n t  a i r  is s u s p e c t e d ,  t h e  p r o c e d u r e  c a l l s  
f o r  b o t h  r e a c t o r  and t u r b i n e  t r i p  as w e l l  as o t h e r  s u p p l e m e n t a r y  a c t i o n s  
t h a t  w i l l  b r i n g  t h e  p l a n t  t o  a c o l d  shutdown c o n d i t i o n  i n  a c o n t r o l l e d  
manner. I n  a p a r t i a l  loss of  i n s t r u m e n t  a i r ,  t h e  r a t e  of p r e s s u r e  
decrease is low enough t o  a l l o w  o p e r a t o r s  t o  search f o r  t h e  cause o f  t h e  
a i r  loss .  Once t h e  problem is i d e n t i f i e d ,  t h e  a f fec ted  component is 
i s o l a t e d .  The p r e f e r r e d  method o f  l eak  i s o l a t i o n  is  t o  c l o s e  t h e  r o o t  
s t o p  v a l v e  a s s o c i a t e d  w i t h  t h e  l e a k i n g  component. I s o l a t i n g  t h e  l e a k  by  
c l o s i n g  a b ranch  header i s o l a t i o n  v a l v e  may c a u s e  s e r i o u s  c o n t r o l  
problems i n  u n a f f e c t e d  s y s t e m s  s u p p l i e d  by  t h a t  b r a n c h  header. If t h e  
I A  p r e s s u r e  d r o p s  below 50 p s i g  p r i o r  t o  f i n d i n g  a n d / o r  i s o l a t i n g  t h e  
l e a k ,  t h e  e v e n t  must be  t reated as a comple t e  loss  of i n s t r u m e n t  a i r ,  
and a p p r o p r i a t e  a c t i o n s  m u s t  be carried o u t .  

The 50 -ps ig  p r e s s u r e  v a l u e  t h a t  separates a comple t e  from a p a r t i a l  l o s s  
o f  I A  has been d e t e r m i n e d  t o  be t h e  minimum s y s t e m  p r e s s u r e  n e c e s s a r y  t o  
e n s u r e  p r o p e r  o p e r a t i o n  o f  the  e l e c t r o p n e u m a t i c  c o n v e r t e r s  u sed  t o  
c o n t r o l  t h e  components o f  v a r i o u s  s y s t e m s .  Below -50 p s i g ,  s y s t e m  
c o f i t r o l s  can  be s e r i o u s l y  a f f e c t e d ,  f i n a l l y  f a i l i n g  i n  t h e  s t a t e  
d e s i g n e d  f o r  a l o s s  o f  i n s t r u m e n t  a i r .  

From the  p r e c e d i n g  d i s c u s s i o n  i t  can  be s e e n  t h a t  t he  d e t a i l e d  e f f e c t s  
of a l o s s  o f  I A  e v e n t  are q u i t e  d i f f i c u l t  t o  p r e d i c t .  There are a 
number o f  r e a s o n s  f o r  t h i s  d i f f i c u l t y ,  i n c l u d i n g  t h e  l a r g e  number o f  
components t h a t  depend upon I A  and t h e  v a r i o u s  s c e n a r i o s  t h a t  can  be 
p roposed  f o r  c r e a t i n g  a l o s s - o f - a i r  c a s u a l t y .  T a b l e  4 . 1 4  summar izes  the  
g e n e r a l  e f fec t  of t h e  l o s s  of I A  e v e n t  on v a r i o u s  p l a n t  c o n t r o l  s y s t e m s  
and  components r e q u i r e d  t o  b r i n g  t h e  p l a n t  t o  shutdown. From t h i s  t a b l e  
it  can  be  s e e n  t h a t  l o s s  o f  I A  w i l l  have  t h e  f o l l o w i n g  g e n e r a l  e f f e c t s  
on t h e  o p e r a t o r ' s  a b i l i t y  t o  c o n t r o l  i m p o r t a n t  p l a n t  s y s t e m s  and 
components:  

1 .  The R C  pumps must be t r i p p e d  because a d e q u a t e  c o o l i n g  water 
c a n n o t  be m a i n t a i n e d .  T h i s  n e c e s s i t a t e s  n a t u r a l  c i r c u l a t i o n  
c o o l i n g ,  which is n o t  a n  unexpec ted  or u n u s u a l  r e q u i r e m e n t .  

2. RC p r e s s u r e  must be m a i n t a i n e d  u s i n g  manual c o n t r o l  f o r  the  
p r e s s u r i z e r  heater banks  a l o n g  w i t h  c o n t r o l  of t h e  a u x i l i a r y  
s p r a y  v a l v e s .  

3. P r e s s u r i z e r  l e v e l  must be m a i n t a i n e d  u s i n g  manual c o n t r o l  of t h e  
c h a r g i n g  pumps. 

4. The MFW s y s t e m  canno t  be r e l i e d  upon f o r  a c o n t r o l - l a b e l  s u p p l y  o f  
FW, and  by p r o c e d u r e  t he  MFW pumps are  s t o p p e d .  

5. The AFW s y s t e m  is re l ied  upon t o  p r o v i d e  i n v e n t o r y  t o  t h e  S G  
f o l l o w i n g  l o s s  o f  I A .  I n  a comple t e  l o s s  o f  I A  e v e n t ,  t h e  two 
s t e a m - d r i v e n  AFW pumps w i l l  o p e r a t e  a t  maximum s p e e d ;  however,  t h i s  
is n o t  e x p e c t e d  t o  be a problem. AFW f low c o n t r o l  v a l v e s  are  a i r  
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T a b l e  4.14. Summary o f  i n s t r u m e n t  a i r  f a i l u r e  impac t  
on key r e a c t o r  s y s t e m s  and components 

____- I_- 

1. 

2. 

3. 

4. 

5. 

6 .  

REACTOR COOLANT SYSTEM 
Reactor v e s s e l :  N / A  
Steam g e n e r a t o r s :  N / A  
RC pumps: Loss of i n s t r u m e n t  a i r  may lead t o  pump t r i p  due t o  l o s s  

PORV: N / A ,  e l e c t r i c  o p e r a t o r s .  
Code s a f e t y  v a l v e s :  N / A ,  e l e c t r i c  o p e r a t o r s .  
Quench t a n k :  F i l l  v a l v e  from d e m i n e r a l i z e d  water s t o r a g e  t a n k ,  g a s  

of c o o l i n g  water t o  RCP sea ls .  

c o l l e c t o r  header r e l i e f  v a l v e ,  and  t a n k  d r a i n  v a l v e  f a i l  
c losed.  

C H E M I C A L  A N D  VOLUME CONTROL SYSTEM 
Letdown c o n t r o l  and s t o p  v a l v e s  f a i l  c l o s e d ,  c a u s i n g  p r e s s u r i z e r  

l e v e l  t o  i n c r e a s e .  O p e r a t o r  must  c o n t r o l  l e v e l  by manua l ly  
o p e r a t i n g  t h e  c h a r g i n g  pumps. 

PRESSURIZER LEVEL R E G U L A T I N G  SYSTEM 
The e l e c t r o n i c s  o f  t h i s  r e g u l a t i n g  s y s t e m  are  n o t  a f f e c t e d  by I A  

f a i l u r e ;  however ,  i t  w i l l  be i n e f f e c t i v e  because  l e tdown  
v a l v e s  close on l o s s  of  i n s t r u m e n t  a i r .  P r e s s u r i z e r  l e v e l  
must be  c o n t r o l l e d  by manua l ly  o p e r a t i n g  t h e  c h a r g i n g  pumps. 

REACTOR COOLANT PRESSURE R E G U L A T I N G  SYSTEMS 
The e l e c t r o n i c s  o f  t h e  r e g u l a t i n g  s y s t e m  are n o t  dependen t  upon 

i n s t r u m e n t  a i r ;  however ,  p r e s s u r i z e r  s p r a y  v a l v e s  f a i l  c l o s e d  
on l o s s  of a i r  and R C  p r e s s u r e  c o n t r o l  is affected.  O p e r a t o r s  
must c o n t r o l  p r e s s u r e  by o p e r a t i n g  t h e  h e a t e r  banks manua l ly  
and u s i n g  t h e  a u x i l i a r y  s p r a y  v a l v e s .  The a u x i l i a r y  s p r a y  
v a l v e s  are  q u i t e  r e l i a b l e  s i n c e  t h e y  are  backed  up w i t h  I A  by 
t h e  s a l t  water s y s t e m  a i r  compresso r s  and a c c u m u l a t o r s .  

REACTOR POWER REGULATION 
N / A  

M A I N  FEEDWATER, CONDENSATE, A N D  HEATER D R A I N  SYSTEMS 
MFW r e g u l a t i n g  v a l v e s :  Loss of I A  c a u s e s  t h e s e  v a l v e s  t o  f a i l  as 

MFW bypass  v a l v e s :  Loss  of I A  c a u s e s  t h e s e  v a l v e s  t o  f a i l  open.  
MFW pump t u r b i n e  steam s u p p l i e s :  N / A  
Heater d r a i n  sys t em v a l v e s :  F a i l u r e  of t h e s e  v a l e s  is e x p e c t e d  t o  

is ,  p o s s i b l y  c a u s i n g  S G  o v e r f e e d .  

c a u s e  s u b s t a n t i a l  u p s e t s  i n  t h e  MFW s y s t e m ,  p o s s i b l y  
c u l m i n a t i n g  i n  a t r i p  o f  t h e  c o n d e n s a t e  booster and  MFW pumps. 
The o p e r a t o r  is i n s t r u c t e d  by EOP-14 t o  s t o p  h e a t e r  d r a i n  
pumps on l o s s  of I A .  
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Table 4.14 (continued) 

7. MAIN STEAM SYSTEM AND ATMOSPHERIC STEAM DUMP AND TURBINE BYPASS 
CONTROL SYSTEMS 
Atmospheric dump valves: These valves fail closed on loss of IA: 

however, the IA supply to the operators of these valves is 
backed up by an accumulator and salt water compressors 11 and 
12, and loss of air is considered a low probability event. 
Valves can be operated manually if necessary. 

Turbine bypass valves: These valves fail closed on loss of IA. 
Main steam isolation valves: N/A, electric operators. 
Main steam safetv valves: N/A. mechanical operators. 

8. AUXILIARY FW SYSTEM 
Auxiliary FW motor-driven pump: N/A 
Auxiliarv FW steam-driven DumD: The AFW DumD turbine steam . .  ~. 

isolation valves and governor valves are air operated and fail 
open on loss of IA, which will cause the pumps to go to the 
high-speed stop. These valves are supplied with air from 
separate accumulators that can be supplied from either the 
salt water air system or the IA system. This redundant 
accumulator-backed arrangement increases the reliability of 
the control air required by these valves. 

Auxiliary FW control valves: These valves fail open on loss of air. 
Also, each of the control valves is provided with redundant 
I/P converters fed from separate air accumulators. This 
arrangement increases the reliability of the valve air supply 
and provides a reservoir of control air to assure good AFW 
control after loss of IA. 

9. COMPONENT COOLING SYSTEMS 
Loss of IA causes RC pump seal cooling water valves to close; 

however, they can be opened manually. Upon isolation of RC 
pump seal cooling water, RC pumps must be tripped within 
1 0  min. 

1 0 .  SERVICE WATER SYSTEM 
Loss of IA will cause the valve controlling the flow of service 

water to the IA and PA compressors to fail closed, thus 
causing the compressors to eventually trip on high temperature. 
Air will be supplied automatically by the other unit's PA 
compressor, and that compressor is cooled by service water 
from the sister unit. This makes loss of air due to a service 
water failure very unlikely. 

11 .  SALT WATER COOLING SYSTEM 
Loss of IA has no significant effect on the salt water cooling 

system. 
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Table 4.14 (continued) 

12. DIESEL GENERATORS 1 1  , 12, AND 21 
Loss of air will not affect the ability of the diesel generators 

to start and function. Each diesel unit contains its own air 
compressor and redundant air receivers to assure that the 
diesel air start system can function independently of the IA 
system. 



o p e r a t e d  b u t  are backed up by a n  a i r  accumula to r  a r r angemen t  t h a t  is 
charged by e i ther  t h e  I A  s y s t e m  o r  t h e  s a l t  water a i r  s y s t e m .  I n  
t h e  u n l i k e l y  e v e n t  t h e  a i r  accumula to r  a r r angemen t  f a i l s ,  flow 
c o n t r o l  v a l v e s  f a i l  open  o n  loss  o f  a i r ,  and S G  i n v e n t o r y  can  be 
m a i n t a i n e d  by s t a r t i n g  and  s t o p p i n g  t h e  AFW pumps. 
Main steam p r e s s u r e  must be c o n t r o l l e d  by u s e  of the  a t m o s p h e r i c  
dump v a l v e s  f o l l o w i n g  a los s -o f - IA  e v e n t .  These v a l v e s  are  a i r  
o p e r a t e d  f rom a h i g h l y  r e l i ab le  a i r  a c c u m u l a t o r  a r r angemen t  
m a i n t a i n e d  c h a r g e d  e i the r  by t h e  I A  s y s t e m  o r  by t h e  s a l t  water a i r  
s y s t e m .  The atmospheric dump v a l v e s  are t h e r e f o r e  e x p e c t e d  t o  be 
a v a i l a b l e  f o r  steam p r e s s u r e  c o n t r o l  f o l l o w i n g  l o s s  o f  I A ;  however ,  
even  i f  a i r  is n o t  a v a i l a b l e  t o  o p e r a t e  these v a l v e s ,  t h e y  can  be 
o p e r a t e d  manua l ly  by o p e r a t i o n s  p e r s o n n e l .  
A number o f  o t h e r  s y s t e m s  o f  lesser i m p o r t a n c e  m u s t  a l s o  be 
c o n t r o l l e d  manua l ly .  I n  some cases t h i s  w i l l  r e q u i r e  t h e  o p e r a t o r ' s  
p r e s e n c e  a t  l o c a t i o n s  away from t h e  c o n t r o l  room. 

The p u r p o s e  o f  t he  emergency p r o c e d u r e  is t o  p r o v i d e  t h e  o p e r a t o r  w i t h  
g e n e r a l  g u i d a n c e  f o r  p e r f o r m i n g  t h o s e  a c t i o n s  t h a t  may be needed  d u r i n g  
l o s s  o f  I A  t r a n s i e n t s ;  however,  from t h i s  d i s c u s s i o n  i t  s h o u l d  be 
a p p a r e n t  t h a t  loss  o f  I A  can  create s i t u a t i o n s  r e q u i r i n g  prompt o p e r a t o r  
a c t i o n s  t h a t  would be d i f f i c u l t  t o  a n t i c i p a t e .  Our r e v i e w  i n d i c a t e s  
t h a t  t h e  c u r r e n t  emergency p r o c e d u r e s  do n o t  p r o v i d e  t h e  o p e r a t o r  w i t h  
s u f f i c i e n t l y  d e t a i l e d  i n s t r u c t i o n s .  I t  is i m p e r a t i v e  t h a t  o p e r a t o r s  be 
w e l l  t r a i n e d  and p r o p e r l y  gu ided  by EOPs t o  r e s p o n d  t o  l o s s  o f  I A  
e v e n t s .  

4.7 G E N E R I C  IMPLICATIONS OF CALVERT CLIFFS-1 S C E N A R I O S  

4.7.1 Background 

While t h e  f a i l u r e  s c e n a r i o s  a t  C a l v e r t  C l i f f s - 1  have  n e c e s s a r i l y  been 
examined f rom a p l a n t - s p e c i f i c  p o i n t  o f  v iew,  t h e  u l t i m a t e  o b j e c t i v e  is a 
g e n e r i c  r e s o l u t i o n  o f  t h e  i m p a c t s  o f  c o n t r o l  upon s a f e t y .  To e x t e n d  o u r  
r e s u l t s  t o  other p l a n t s  o f  C-E d e s i g n ,  w e  must d e t e r m i n e  how b r o a d l y  
r e p r e s e n t a t i v e  are t h e  d e s i g n  f e a t u r e s  that  have  proven  o f  i n t e r e s t  i n  
o u r  i n v e s t i g a t i o n .  The f o l l o w i n g  s e c t i o n  describes o t h e r  C-E p l a n t s  i n  
terms of t h e i r  r e s o u r c e s  f o r  c o u n t e r i n g  a small-break LOCA t h r o u g h  
d e p r e s s u r i z a t i o n  and s u b s e q u e n t  water i n j e c t i o n  a t  lower  t h a n  o p e r a t i n g  
p r e s s u r e .  

4.7.2 Water I n j e c t i o n  and P r e s s u r i z e r  P r e s s u r e  Relief F e a t u r e s  i n  Other 
C-E P l a n t s  

I n  a p l a n t  h a v i n g  t h e  same water i n j e c t i o n  and p r e s s u r i z e r  PORV f e a t u r e s  
as  C a l v e r t  C l i f f s ,  small-break LOCA s c e n a r i o s  deve loped  f o r  C a l v e r t  
C l i f f s  can  be e x p e c t e d  t o  have  similar r e s o l u t i o n s .  P l a n t s  w i t h  HPSI  
s y s t e m s  o f  h igher  p r e s s u r e  t h a n  C a l v e r t  C l i f f s  w i l l  b e  l e s s  dependen t  on  
d e p r e s s u r i z a t i o n  i n  t h e  c r i t i c a l  r a n g e  o f  break s i z e s .  P l a n t s  l a c k i n g  
P O R V s  f o r  d e p r e s s u r i z i n g ,  and h a v i n g  HPSI s y s t e m s  i n c a p a b l e  o f  p r o v i d i n g  
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water u n t i l  t h e  p r e s s u r e  is well below t h e  o p e r a t i n g  p o i n t ,  may have  
p o t e n t i a l  d r y o u t  problems more s e v e r e  t h a n  t h o s e  a t  C a l v e r t  C l i f f s .  

S e v e r a l  C-E p l a n t s  have f e a t u r e s  similar t o  C a l v e r t  C l i f f s - 1  and  -2. 
These d e s i g n s  i n c l u d e  HPSI  a t  a b o u t  1275 p s i a ,  CVCS c h a r g i n g  w i t h  three 
p o s i t i v e  d i s p l a c e m e n t  pumps o f  4 4  gpm e a c h ,  and  2 p r e s s u r i z e r  P O R V s .  
These p l a n t s  are F t .  Ca lhoun,  M i l l s t o n e  P o i n t  2 [which c o u n t s  one  
c h a r g i n g  pump a s  an  emergency c o r e  c o o l i n g  s y s t e m  ( E C C S ) ] ,  Palisades,  
and S t .  Lucie 1 and 2.  

The f o l l o w i n g  C-E p l a n t s  have  abou t  1500-ps i a  HPSI  systems w i t h  no  
P O R V s :  San Onofre  2 and 3 ,  Arkansas  2 (which has one  3 - in .  p r e s s u r e  
re l ief  l i n e  w i t h  two manua l ly  ac tua ted  moto r -d r iven  v a l v e s  i n  s e r i e s ) ,  
and Wate r fo rd  3. 

Maine Yankee has p r e s s u r e  r e d u c t i o n  and water i n j e c t i o n  s y s t e m s  similar 
t o  t h o s e  i n  West inghouse  p l a n t s .  I t  has a 2700-ps i a  HPSI s y s t e m  and two 
P O R V s ,  and there are  three c h a r g i n g  pumps: one  p o s i t i v e  d i s p l a c e m e n t  
and two c e n t r i f u g a l .  

P a l o  Verde 1 ,  2 ,  3 ( n o t  y e t  on l i n e )  p r o v i d e  1950-ps i a  HPSI  s y s t e m s  and 
no P O R V s .  

4 .7 .3  Combina t ions  o f  I d e n t i f i e d  F a i l u r e s  w i t h  Gener i c  I m p l i c a t i o n s  

E s s e n t i a l l y  a l l  o f  t h e  broad  and augmented FMEAs we have  per formed f o r  
C a l v e r t  C l i f f s  have  i n v o l v e d  s i n g l e  f a i l u r e s  or e n h a n c e d - p r o b a b i l i t y  
m u l t i p l e  f a i l u r e s .  ( E n h a n c e d - p r o b a b i l i t y  m u l t i p l e  f a i l u r e s  can  be s i m u l -  
t a n e o u s  f a i l u r e s  w i t h  a common mode, o r  may a r i se  from m u l t i p l e  f a i l u r e s  
w i t h  one  o r  more sys t em e l e m e n t s  i n  an u n d e t e c t e d  f a i l e d  s t a t e  p r i o r  t o  
t he  f i n a l  i n i t i a t i n g  f a i l u r e  o f  someth ing  e l se . )  

There are two r e a s o n s  f o r  e x c l u d i n g  from c o n s i d e r a t i o n  t h e  m u l t i p l e  s i m u l -  
t a n e o u s  f a i l u r e s  of many independen t  c o n t r o l  e l e m e n t s :  ( 1 )  f a i l u r e s  o f  
v a n i s h i n g l y  low p r o b a b i l i t y  are  o f  no i n t e r e s t  t o  t h e  program; and ( 2 )  a n  
e x a m i n a t i o n  of a l l  combina t ions  of ( s a y )  a hundred  c o n t r o l  e l e m e n t s  would 
be a t a s k  o f  unmanageable magni tude .  However, there is some i n t e r e s t  i n  
examining  a l i m i t e d  number o f  l o w - p r o b a b i l i t y  s i m u l t a n e o u s  f a i l u r e s  i n  
o r d e r  t o  e x t e n d  C a l v e r t  C l i f f s  r e s u l t s  t o  g e n e r i c  c o n c l u s i o n s  c o n c e r n i n g  
o t h e r  n u c l e a r  p l a n t s  of C-E. 

4.7.3.1 R a t i o n a l e  f o r  Examinat ion  o f  M u l t i p l e  F a i l u r e s .  P roduc ing  
g e n e r i c  c o n c l u s i o n s  from p l a n t - s p e c i f i c  s t u d i e s  r e q u i r e s  two 
e x t r a p o l a t i o n s :  

1 .  Are s u c h  problems as may be d i s c o v e r e d  i n  t h e  p l a n t - s p e c i f i c  s t u d y  
a p p l i c a b l e  t o  a l l  p l a n t s  o f  t h e  same class? T h i s  is t h e  easier of 
t h e  two e x t r a p o l a t i o n s  t o  m a k e ,  and r e q u i r e s  s p e c i f i c  i n q u i r y  as  t o  
t h e  e x t e n t  t o  which t h e  d e s i g n  weaknesses  r e s p o n s i b l e  f o r  t h e  
i d e n t i f i e d  f a i l u r e s  are  p r e s e n t  i n  o t h e r  p l a n t s .  



2. Do o t h e r  p l a n t s  of the  same class  have  f a i l u r e  modes n o t  p o s s i b l e  i n  
t h e  sample p l a n t  b e c a u s e  o f  some a c c i d e n t a l  o r  e n g i n e e r e d  
s u p e r i o r i t y  i n  t h e  sample  p l a n t ' s  d e s i g n ?  T h i s  is n o t  e a s y  t o  
d e t e r m i n e  i n  a p l a n t - s p e c i f i c  s t u d y .  

One approach  t o  h e l p  d e t e r m i n e  whether r r I t m  a l l  r i g h t ,  b u t  you a r e n ' t "  
is  t o  examine t h e  e f f e c t s  o f  a m u l t i t u d e  of i n d e p e n d e n t  f a i l u r e s  upon 
the  sample  p l a n t  ( i n  t h i s  case C a l v e r t  C l i f f s ) .  I n  t h e  sample p l a n t  
these f a i l u r e s  may have  no c o n c e i v a b l e  common c a u s e ,  no mechanism f o r  
u n d e t e c t e d  p r i o r  f a i l u r e  o f  one  o r  more o f  them, and no common e l e m e n t s  
o f  any k ind .  Suppose t h a t ,  d e s p i t e  t h e  d e m o n s t r a b l e  n e a r - z e r o  
p r o b a b i l i t y  o f  t he i r  s i m u l t a n e o u s  f a i l u r e ,  we examine t h e  consequences  
of f a i l u r e  i n  f o u r  c o n t r o l  e l e m e n t s  d e l i b e r a t e l y  chosen  f o r  t h e  
( a d j u d g e d )  u n d e s i r a b i l i t y  o f  t he i r  s i m u l t a n e o u s  o u t a g e .  

Two p o s s i b i l i t i e s  e x i s t :  t h e  consequences  are  e i ther  a c c e p t a b l e  o r  t h e y  
are  n o t .  If t h e  consequences  f o r  s e v e r a l  such  l twors t - case l l  m u l t i p l e  
f a i l u r e s  are b e n i g n ,  t h e  judgment can  be made t h a t  even  i f  a sister 
p l a n t  somewhere has c o n t r o l s  i n t e r c o n n e c t i o n s  n o t  p r e s e n t  i n  C a l v e r t  
C l i f f s ,  s u c h  i n t e r c o n n e c t i o n s  w i l l  p e r m i t  no m u l t i p l e  f a i l u r e s  o f  s a f e t y  
s i g n i f i c a n c e .  However, t h i s  a p p r o a c h  t o  g e n e r i c  e x t e n s i o n  f a i l s  i f  t h e  
consequence  o f  s u c h  a n  impossible-in-Calvert-Cliffs combina t ion  of 
f a i l u r e s  is u n a c c e p t a b l e .  I t  would a t  t h a t  p o i n t  be n e c e s s a r y  t o  
d e m o n s t r a t e  t h a t  s y s t e m  i s o l a t i o n  e x i s t e d  i n  o t h e r  p l a n t s  t o  t h e  same 
degree as  i n  C a l v e r t  C l i f f s .  The i n f o r m a t i o n  t o  do t h i s  might o r  might  
n o t  be a v a i l a b l e .  

4 .7 .3 .2  C a t a s t r o p h i c  Common Cause for M u l t i p l e  F a i l u r e s .  U n a c c e p t a b l e  
consequences  d u e  t o  m u l t i p l e  s i m u l t a n e o u s  f a i l u r e s  may be o f  v a n i s h i n g l y  
small p r o b a b i l i t y  i f  the  f a i l u r e s  are t r u l y  i n d e p e n d e n t .  However, 
c e r t a i n  c a t a s t r o p h i c  e v e n t s ,  t hough  t h e m s e l v e s  h a v i n g  v e r y  low ra tes  o f  
o c c u r r e n c e ,  may p r o v i d e  common c a u s e s  f o r  t h e  o t h e r w i s e  independen t  
f a i l u r e s .  E a r t h q u a k e s ,  f i res ,  and f loods  are a l l  p o t e n t i a l  i n i t i a t o r s .  
I n v e s t i g a t i o n s  of tlworst-caselt m u l t i p l e  f a i l u r e s  as d i s c u s s e d  i n  t h e  
p r e c e d i n g  s e c t i o n  may a l s o  p r o v i d e  a preview o f  r e s u l t s  t o  be e x p e c t e d  
from, f o r  i n s t a n c e ,  a seismic v u l n e r a b i l i t y  i n v e s t i g a t i o n .  Shou ld  
r e s u l t s  of s u c h  t e s t  cases be b e n i g n ,  t h e  consequences  o f  s e i s m i c a l l y  
induced  m u l t i p l e  c o n t r o l  f a i l u r e s  may be p r e d i c t e d  t o  be o f  low c o n c e r n .  
Shou ld  r e s u l t s  be u n a c c e p t a b l e ,  p r o b a b i l i t i e s  o f  t h e  p r e c i p i t a t i n g  
c a t a s t r o p h i c  e v e n t  would require  e v a l u a t i o n ,  as  would recommendat ions  
f o r  h a r d e n i n g  t h e  s y s t e m s  a t  r i s k .  

4 .7 .3 .3  M u l t i p l e  F a i l u r e s  Examined. S e v e r a l  classes o f  e v e n t s  
i n v o l v i n g  m u l t i p l e  i n d e p e n d e n t  f a i l u r e s  have  been  s i m u l a t e d ,  and t h e  
r e s u l t s  are  described i n  Sect. 6.1.  An example is t h e  class o f  m u l t i p l e  
f a i l u r e  e v e n t s  t h a t  lead t o  d r y o u t .  If o n e  S G  l e v e l  i n d i c a t o r  is f a i l e d  
h i g h ,  and  t h e  l o w - l e v e l  and  low- low- leve l  t r i p s  are b o t h  f a i l e d ,  a 
d r y o u t  e v e n t  i n  o n e  SG can  be  i n i t i a t e d .  Again ,  three i n d e p e n d e n t  
f a i l u r e s  are r e q u i r e d ,  as w e l l  as i n a t t e n t i o n  on t h e  p a r t  o f  t h e  
o p e r a t o r ,  making t h i s  o f  t r i v i a l  p r o b a b i l i t y  i n  C a l v e r t  C l i f f s .  Shou ld  
these e v e n t s  have  a p o t e n t i a l  common c a u s e  i n  a n o t h e r  p l a n t ,  t h e  
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c o n s e q u e n c e s  i n v o l v e  d r y o u t  of o n l y  o n e  SG, a n d  h e n c e  t h i s  s e q u e n c e  h a s  
a c c e p t a b l e  s a f e t y  c o n s e q u e n c e s  on  a g e n e r i c  as w e l l  a s  a p l a n t - s p e c i f i c  
bas i s .  





5. QUANTIFICATION OF SEQUENCE FREQUENCY 

In Sect. 4, two transients--a class of small-break LOCAs and rapid SG 
overfeeds--were found to be of principal interest to the SICS Program. 
In each case, these transients were found to lead to consequences of 
concern, potential core damage, PTS, or SG overfill due to control 
system failures. The transient sequences resulting from these control 
system failures were not automatically terminated by safety system 
action. 

In Sect. 5, the frequencies of the transient sequences of concern are 
evaluated. The results of sequence frequency evaluation are summarized 
in Sect. 5.1, and the bases of the transient frequency quantifications 
for the small-break LOCAs and SG overfill sequences are discussed in 
Sects. 5.2 and 5.3 respectively. Section 5.4 discusses operating 
experience at the Calvert Cliffs station and other Combustion 
Engineering-designed plants. 

5.1 SUMMARY OF FREQUENCY QUANTIFICATION RESULTS 

In Sect. 5, the frequencies of significant sequences identified in 
Sect. 4.3 are estimated. The small-break LOCA event tree (Fig. 4.3,) 
identified two sequences of potential concern: one potentially leading 
to insufficient core cooling caused by failure to initiate RCS cooling 
or depressurization, and the other an overcooling (PTS) sequence. The 
frequencies of these sequences were estimated to be as follows: 

Trans ien t 
Estimated frequency 
(events/reactor vear) 

Small-break LOCA 
Insufficient core cooling 

Small-break LOCA 
Overcooling ( P T S  precursor) 

8E-6 

1.5E-6 

As indicated in Sect. 5.2.2, the PTS sequence frequency does not include 
the conditional probability of vessel failure. Based on the vessel 
failure analysis of ref. 5, the sequence frequency of vessel failure 
events would decrease to -10-8/ry or less when the conditional 
probability of vessel failure is included. 

The relatively high estimated frequency of insufficient core cooling 
following a small-break LOCA was due principally to the following 
factors : 

1. Coupling of the LOCA to loss of instrument air due to automatic 
isolation of service water to the instrument air compressors, 

2. Lack of a specific procedural step directing the operator to 
transfer ADV control to the auxiliary shutdown panel, and 
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3. Lack o f  a p r o c e d u r a l  s t e p  d i r e c t i n g  t h e  o p e r a t o r  t o  open t h e  P O R V s  
o r  i n i t i a t e  a u x i l i a r y  s p r a y  i n  t h e  e v e n t  R C S  c o o l i n g  f a i l e d .  

The f r e q u e n c y  o f  t h i s  LOCA sequence  c o u l d  be r educed  s i g n i f i c a n t l y  by 
p r o v i d i n g  more e x p l i c i t  d i r e c t i o n  i n  t h e  e x i s t i n g  LOCA emergency 
p r o c e d u r e z 1  or  t h e  d r a f t  emergency p r o c e d u r e . 2 2  

The f r e q u e n c y  o f  the r a p i d  S G  o v e r f i l l  s e q u e n c e ,  shown i n  t h e  o v e r f i l l  
e v e n t  t ree  ( F i g .  4 . 6 ,  as d i s c u s s e d  i n  S e c t .  5 . 3 )  was estimated a t  
9E-3/ry. The f r e q u e n c y  o f  t he  S G  o v e r f i l l  s equence  was based on a n  
estimated f r e q u e n c y  o f  o v e r f e e d  e v e n t s  ( n o t  t e r m i n a t e d  by t u r b i n e  t r i p )  
o f  9E-2/ry and  a n  estimated p r o b a b i l i t y  o f  0.1 f a i l u r e s  p e r  demand t h a t  
t he  o p e r a t o r  f a i l s  t o  t e r m i n a t e  t h e  o v e r f e e d  i n  t h e  three o r  more 
m i n u t e s  a v a i l a b l e .  

The estimated o v e r f i l l  f r e q u e n c y  is i n  r e a s o n a b l e  agreement  w i t h  t h e  one  
o b s e r v e d  S G  o v e r f i l l  i n  1 9  r y  ( C a l v e r t  C l i f f s  U n i t s  1 and 2 ) .  I n  t h i s  
e v e n t ,  t h e  S G  reached i t s  maximum i n d i c a t e d  l e v e l  2 min a f te r  r e a c t o r  
t r i p ,  and t h e  o p e r a t o r s  i s o l a t e d  t h e  FW pump -4.5 min a f te r  r e a c t o r  t r i p  
No damage t o  t h e  steam l i n e s  o r  s u p p o r t s  was r e p o r t e d ,  a l t h o u g h  o n e  of 
t h e  TBVs  f a i l e d  t o  c l o s e  (which may have  been u n r e l a t e d  t o  t h e  
o v e r f i l l ) .  

5 . 2  Q U A N T I F I C A T I O N  OF SMALL-BREAK LOCA SEQUENCES 

The small-break LOCA e v e n t  t r ee  ( F i g .  4.3) d e s c r i b e d  s e v e r a l  e v e n t  
s e q u e n c e s  i n i t i a t e d  by a small-break LOCA. I n  a d d i t i o n  t o  t h e  s e q u e n c e  
i n v o l v i n g  s a f e t y  s y s t e m  f a i l u r e  (HPSI ) ,  two s e q u e n c e s  were found  t o  be 
of i n t e r e s t .  F a i l u r e  t o  i n i t i a t e  and m a i n t a i n  a n  RCS cooldown v i a  t h e  
SGs c o u p l e d  w i t h  a f a i l u r e  t o  d e p r e s s u r i z e  t h e  R C S  v i a  t h e  P O R V s  o r  
a u x i l i a r y  s p r a y  c o u l d  lead t o  c o r e  damage. A l s o ,  assuming t h a t  RCS/SG 
cooldown was i n i t i a t e d ,  a s u b s e q u e n t  f a i l u r e  t o  d e p r e s s u r i z e  t h e  RCS 
( a s suming  t h a t  r e a c t o r  v e s s e l  RTNDT limits were e x c e e d e d )  would be a PTS 
s e q u e n c e . =  

The f r e q u e n c i e s  o f  these two s e q u e n c e s  i n v o l v e  t h e  f r e q u e n c y  o f  a 
small-break LOCA i n  a s i z e  r a n g e  of c o n c e r n  and 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  t h a t  s u b s e q u e n t  e l e c t r o m e c h a n i c a l  o r  o p e r a t o r  f a i l u r e s  
w i l l  p r e v e n t  t h e  s u c c e s s f u l  pe r fo rmance  o f  n e c e s s a r y  m i t i g a t i n g  
f u n c t i o n s .  Because o f  t h e  f u n c t i o n a l  d i f f e r e n c e s  between these f a i l u r e  
modes, each is d i s c u s s e d  s e p a r a t e l y  i n  Sects.  5.2.1 and 5 .2 .2 .  

5 .2 .1  Small-Break LOCA Sequences  I n v o l v i n g  I n s u f f i c i e n t  Core Coo l ing  

A s  shown i n  F i g .  4.3, one  sequence  was found  t h a t  may r e su l t  i n  c o r e  
damage c a u s e d  by  i n s u f f i c i e n t  c o r e  c o o l i n g .  T h i s  s e q u e n c e  r e q u i r e s  a 
s p e c i f i c  s i z e  o f  small-break LOCA, a f a i l u r e  t o  i n i t i a t e  RCS cooldown v i a  
t h e  S G s ,  and a f a i l u r e  t o  d e p r e s s u r i z e  t h e  RCS v i a  t h e  p r e s s u r i z e r  P O R V s  
o r  t h e  a u x i l i a r y  s p r a y .  The f r e q u e n c y  o f  t h i s  s equence  may be estimated 
by combining  t h e  f r e q u e n c y  o f  t h e  i n i t i a t i n g  LOCA and 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 t h e  two f u n c t i o n  f a i l u r e s .  This  p r o c e s s  is d e p i c t e d  i n  
a f a u l t  t ree  format i n  F ig .  5.1. The f r e q u e n c i e s  and 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  u sed  i n  t h i s  f a u l t  t ree  are  d i s c u s s e d  below. 

The estimated f r e q u e n c y  of a small-break LOCA i n  t h e  s i z e  r a n g e  o f  
i n t e r e s t  was deve loped  based on t h e  C a l v e r t  C l i f f s  PTS a n a l y s i s . *  
s i z e  r a n g e  used  was <0.016 f t 2 ,  which i n c l u d e s  s i n g l e  u n i s o l a t e d  P O R V s ,  
R C  pump sea l  f a i l u r e s ,  and  S G  t u b e  r u p t u r e s .  The estimated f r e q u e n c y  fo r  
t h i s  e v e n t  was 1 .5E-2/ ry ,  which is b e l i e v e d  t o  be c o n s e r v a t i v e  s i n c e  PORV 
f a i l u r e  and break s i z e s  of less t h a n  0.0005 f t 2  have  n o t  been  found t o  
produce  t h e  core damage s e q u e n c e s  d e s c r i b e d .  S G  t u b e  f a i l u r e s  and pump 
sea l  f a i l u r e s  do c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h i s  f r e q u e n c y  and c o u l d  be 
e x p e c t e d  t o  i n i t i a t e  break s i z e s  of i n t e r e s t .  To a c c o u n t  fo r  b r e a k  s i z e s  
cove red  by t h e  1.5E-2/ry f r e q u e n c y  t h a t  are n o t  e x p e c t e d  t o  lead t o  c o r e  
damage, t he  r e f e r e n c e d  f r e q u e n c y  was q u a n t i t a t i v e l y  r educed  by a n  o r d e r  
of magnitude.  The small-break LOCA i n i t i a t i n g  e v e n t  f r e q u e n c y  fo r  
i n s u f f i c i e n t  core c o o l i n g  s e q u e n c e s  is 1.5E-3/ry.  

The 

Fo l lowing  i n i t i a t i o n  of t h e  LOCA, t h e  s u c c e s s  of e i t h e r  of  two m i t i g a t i n g  
funct ions--RCS cooldown v i a  t h e  SGs or  R C S  d e p r e s s u r i z a t i o n  v i a  t h e  
p r e s s u r i z e r  P O R V s  or a u x i l i a r y  spray--would lead t o  s u c c e s s f u l  m i t i g a t i o n  
of  t h e  t r a n s i e n t .  The c o n t r i b u t i n g  f a i l u r e s  t h a t  c o u l d  lead t o  a 
s i m u l t a n e o u s  f a i l u r e  of these f u n c t i o n s  are d e p i c t e d  on t h e  f a u l t  t ree .  

R C S  cooldown is i n i t i a t e d  by t h e  o p e r a t o r  o p e n i n g  b o t h  A D V s  and /o r  any  o f  
t h e  t u r b i n e  bypass  v a l v e s  (TBVs) i n  a c c o r d a n c e  w i t h  S t e p  1 1  of t h e  LOCA 
emergency p r o c e d u r e 2 1  or  s t e p  F ( 3 )  of t h e  d r a f t  p r o c e d u r e . 2 2  F a i l u r e  of 
t h i s  f u n c t i o n  c o u l d  be caused  by o p e r a t o r  error or by e l e c t r o m e c h a n i c a l  
f a i l u r e s  of t h e  v a l v e s  or  associated s u p p o r t  sys t ems .  

The A D V  and TBV are a u t o m a t i c a l l y  c o n t r o l l e d  t o  l i m i t  R C  a v e r a g e  
t e m p e r a t u r e  and steam l i n e  p r e s s u r e .  I n  order t o  i n i t i a t e  a n  RCS 
cooldown, however ,  t he  o p e r a t o r  must p l a c e  these v a l v e s  i n  manual c o n t r o l  
and open them. T h i s  a c t i o n  is r o u t i n e ,  and s u f f i c i e n t  time ( 1  h )  e x i s t s  
t o  per form t h e  f u n c t i o n .  Although t h e  o p e r a t o r  w i l l  be under  a stressed 
c o n d i t i o n  due  t o  t h e  LOCA, t h i s  a c t i o n  is e x p e c t e d  t o  be performed w i t h  
v e r y  h i g h  r e l i a b i l i t y .  Consequen t ly ,  t he  p r o b a b i l i t y  t h a t  t h e  o p e r a t o r  
w i l l  f a i l  t o  i n i t i a l l y  open t h e  v a l v e s  is estimated t o  be 0.001 based on  
t h e  da ta  of r e f .  1 4 .  T h i s  p r o b a b i l i t y  assumes  t h a t  t h e  c o n t r o l  room 
s t a f f  is n o t  c o n f r o n t e d  by c o m p l i c a t i n g  factors  s u c h  as a l o s s  of 
i n s t r u m e n t  a i r  when p e r f o r m i n g  t h i s  f u n c t i o n .  

The p r i n c i p a l  mode o f  i n i t i a t i n g  t h e  R C S  cooldown is assumed t o  be manual 
o p e r a t i o n  of  t h e  TBV. T h i s  a c t i o n  w i l l  r e s u l t  i n  r e d u c i n g  t h e  p r e s s u r e  
i n  t h e  steam l i n e s  a n d ,  u n l e s s  t he  o p e r a t o r  b y p a s s e s  t h e  steam g e n e r a t o r  
i s o l a t i o n  sys t em (SGIS),  w i l l  r e s u l t  i n  t h e  MSIVs b e i n g  closed a t  a 
steam l i n e  p r e s s u r e  o f  653 p s i a  ( T S a t  = 495OF). MSIV c l o s u r e  would 
i so l a t e  t h e  TBV a n d ,  u n l e s s  t h e  o p e r a t o r  s u b s e q u e n t l y  opened b o t h  
A D V s ,  would t e r m i n a t e  t h e  RCS cooldown. 

A s  men t ioned ,  t h i s  a c t i o n  is c o n s i d e r e d  r o u t i n e ,  w i t h  t h e  u n d e r s t a n d i n g  
t h a t  t h e  o p e r a t o r s  w i l l  be under  t h e  added stress of t h e  LOCA sequence .  
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The p r o b a b i l i t y  t h a t  t h e  MSIVs w i l l  be allowed t o  close and the  A D V s  n o t  
opened has n o t  been estimated s e p a r a t e l y .  Al though n o t  s p e c i f i e d  i n  t h e  
emergency p r o c e d u r e s ,  t h e  c o n t r i b u t i o n  of f a i l u r e  of t h i s  a c t i o n  is 
i n c l u d e d  i n  t h e  estimated 0.001 f a i l u r e s  p e r  demand d i s c u s s e d  
p r e v i o u s l y  . 
E l e c t r o m e c h a n i c a l  f a i l u r e s  t h a t  c o u l d  c a u s e  t h e  A D V  and the  TBV t o  f a i l  
t o  open or r ema in  open  on demand c o n s i s t  p r i n c i p a l l y  of  a l o s s  o f  
I n s t r u m e n t  Bus YO9 or a loss of i n s t r u m e n t  a i r  p r e s s u r e .  A p o s t u l a t e d  
common-mode f a i l u r e  of  a l l  A D V s  and TBVs is c o n s i d e r e d  t o  have an  
i n s i g n i f i c a n t  p r o b a b i l i t y .  I n  t h e  e v e n t  of  e i ther  f a i l u r e ,  t he  o p e r a t o r  
has  t h e  o p t i o n  of manual ly  t r a n s f e r r i n g  c o n t r o l  of  t h e  ADV t o  t h e  
a u x i l i a r y  shutdown p a n e l ,  which c o n s i s t s  of independen t  1E c o n t r o l s  and 
a n  i n s t r u m e n t  a i r  s u p p l y  from the  s a l t  water a i r  compresso r s .  

N o n v i t a l  i n s t r u m e n t  b u s e s  s u c h  as YO9 have  been estimated t o  f a i l  w i t h  a 
f r e q u e n c y  o f  3.5E-2Ir-y ( r e f .  5 ) .  However, even  assuming a 24-h o u t a g e  
time p e r  f a i l u r e ,  t h e  p r o b a b i l i t y  of t h e  bus  b e i n g  i n  a f a i l e d  c o n d i t i o n  
a t  any g i v e n  time ( e . g . ,  when i t  is needed because  of  a LOCA) would be 
o n l y  1E-4  ( t h e  p r o b a b i l i t y  of YO9 b e i n g  u n a v a i l a b l e  a t  t h e  time o f  t h e  
random LOCA e v e n t ) .  

The f a i l u r e  r a t e  of t h e  I A  sys t em p e r  LOCA demand due t o  random I A  
s y s t e m  f a i l u r e s  is estimated t o  b e  smaller t h a n  t h e  YO9 f a i l u r e  ra te .  
However, due t o  t h e  L O C A ,  t h e  r e s u l t i n g  SIAS s i g n a l  w i l l  i s o l a t e  t h e  
s e r v i c e  water flow from t h e  i n s t r u m e n t  a i r  and p l a n t  a i r  compresso r s .  
T h i s  l o s s  o f  c o o l i n g  water c o u l d  r e s u l t  i n  a t r i p  or f a i l u r e  of t h e  a i r  
compresso r s  and a n  e v e n t u a l  r e d u c t i o n  i n  i n s t r u m e n t  a i r  p r e s s u r e .  

The t i m i n g  o f  t h e  e v e n t s  i n  t h i s  s equence  is i m p o r t a n t .  I n i t i a t i c n  of 
R C S  cooldown is addressed e a r l y  i n  b o t h  t h e  e x i s t i n g  and  t h e  d r a f t  LOCA 
emergency p r o c e d u r e s ,  and  s h o u l d  b e g i n  well w i t h i n  1 h a f te r  the  LOCA. 
R e s t o r a t i o n  of  t h e  s e r v i c e  water s u p p l y  t o  t h e  compresso r s  and 
r e s t o r a t i o n  of i n s t r u m e n t  a i r  p r e s s u r e  is  S t e p  20 of t h e  e x i s t i n g  
p r o c e d u r e  and s t e p s  and rtPct of t h e  d r a f t  p rocedure .  Dur ing  t h i s  
t i m e  p e r i o d ,  l o s s  of i n s t r u m e n t  a i r  p r e s s u r e  is c o n s i d e r e d  l i k e l y .  

Once i n s t r u m e n t  a i r  p r e s s u r e  is l o s t ,  r e s t o r a t i o n  of s e r v i c e  water is 
compl i ca t ed  by t h e  f ac t  t h a t  t h e  s e r v i c e  water i s o l a t i o n  v a l v e s  c l o s e  on  
l o s s  of  a i r  p r e s s u r e .  I n  t h e  LOCA p r o c e d u r e ,  t h e  o p e r a t o r  is i n s t r u c t e d  
t o  s t a r t  t h e  p l a n t  a i r  compressor  i n  t h i s  e v e n t .  

T h i s  s equence  p l a c e s  c o m p l i c a t e d  demands on t h e  o p e r a t o r ,  e s p e c i a l l y  
c o n s i d e r i n g  t h e  LOCA i n  p r o g r e s s  and  o t h e r  r e s u l t i n g  equipment  r e s p o n s e s  
t o  t h e  l o s s  of i n s t r u m e n t  a i r  p r e s s u r e .  For t h i s  r e a s o n ,  t h e  p r o b a b i l i t y  
t h a t  a l o s s  of  i n s t r u m e n t  a i r  p r e s s u r e  w i l l  o c c u r  and  n o t  be  r e c o v e r e d  i n  
t he  n e a r  term h a s  been estimated t o  be 0.1.  

If i n s t r u m e n t  a i r  p r e s s u r e  is l o s t ,  t h e  o p e r a t o r  has t h e  o p t i o n  of 
t r a n s f e r r i n g  A D V  c o n t r o l  t o  t h e  a u x i l i a r y  shutdown p a n e l ,  which w i l l  
p r o v i d e  an  a i r  s u p p l y  from t h e  s a l t  water a i r  compresso r s  and 1 E  manual 
ADV c o n t r o l l e r s .  Al though t h i s  o p e r a t i o n  is a v a i l a b l e  t o  t h e  o p e r a t o r ,  
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i t  r e q u i r e s  o p e n i n g  manual a i r  s u p p l y  v a l v e s  l o c a t e d  i n  a tamper-proof  
(p re sumab ly  l o c k e d )  e n c l o s u r e .  F u r t h e r m o r e ,  t h e  o p e r a t i o n  is n o t  
addressed i n  t h e  e x i s t i n g  o r  d r a f t  LOCA p r o c e d u r e s ,  whi le  t h e  r e s t o r a t i o n  
o f  s e r v i c e  water and normal i n s t r u m e n t  a i r  i s  a d d r e s s e d  s p e c i f i c a l l y .  
For these r e a s o n s ,  t h e  p r o b a b i l i t y  t h a t  t h e  o p e r a t o r  w i l l  f a i l  t o  
t r a n s f e r  c o n t r o l  o f  t h e  A D V s  g i v e n  a l o s s  of i n s t r u m e n t  a i r  has been  
estimated t o  be 0.1. 

Combining t h e  f a i l u r e  p r o b a b i l i t i e s  as d e p i c t e d  on t h e  f a u l t  t ree  and 
d i s c u s s e d  above  y i e l d s  a p r o b a b i l i t y  of f a i l i n g  t o  i n i t i a t e  or c o n t i n u e  
R C S  cooldown o f  1 . 1 E - 2  p e r  LOCA demand. 

Assuming t h a t  R C S  cooldown f a i l s ,  t h e  o p e r a t o r  may open t h e  p r e s s u r i z e r  
P O R V s .  T h i s  a c t i o n  i n c r e a s e s  t h e  e f f e c t i v e  LOCA s i z e  t o  a p o i n t  where 
RCS cooldown is n o t  r e q u i r e d .  Although a v a i l a b l e ,  t h i s  o p e r a t i o n  is n o t  
addressed i n  t h e  e x i s t i n g  LOCA p r o c e d u r e s  f o r  cooldown a s s u r a n c e .  The 
o p e r a t o r  is c a u t i o n e d  t o  d e p r e s s u r i z e  t h e  R C S  i f  t he  r e a c t o r  v e s s e l  
p r e s s u r e - t e m p e r a t u r e  t e c h n i c a l  s p e c i f i c a t i o n s  are exceeded .  T h i s ,  
however ,  would r e q u i r e  lower  v e s s e l  t e m p e r a t u r e s  t h a n  t h e  s a t u r a t e d  
c o n d i t i o n s  e x p e c t e d  i f  R C S  cooldown f a i l e d .  I n  s p i t e  of t h e  lack o f  
p r o c e d u r a l  i n s t r u c t i o n ,  t he  o p e r a t o r  s h o u l d  be g i v e n  c r e d i t  f o r  d e d u c i n g  
t h e  need t o  d e p r e s s u r i z e .  Fo r  t h i s  r e a s o n ,  t h e  estimated p r o b a b i l i t y  o f  
t h e  o p e r a t o r  f a i l i n g  t o  d e p r e s s u r i z e  g i v e n  f a i l u r e  o f  R C S  cooldown is 0.5 
p e r  LOCA demand. 

The d r a f t  p r o c e d u r e  s p e c i f i e s  t h a t  t h e  o p e r a t o r  s h o u l d  i n i t i a t e  a u x i l i a r y  
s p r a y  t o  d e p r e s s u r i z e  t h e  RCS i f  t h e  R C  s u b c o o l i n g  exceeds 200OF. T h i s  
c o n d i t i o n  does  n o t  ex i s t  i n  t h e  sequence  o f  i n t e r e s t .  I n s t r u c t i o n  S t e p  
H ( 2 ) ( b )  d i rec ts  t h e  o p e r a t o r  t o  i n i t i a t e  AFW i f  s u b c o o l i n g  is below 30°F. 

Combining t h e  estimated f r e q u e n c y  of t h e  small LOCA, 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  t h a t  R C S  cooldown is n o t  i n i t i a t e d  o r  c o n t i n u e d  and t h a t  t h e  
RCS is n o t  d e p r e s s u r i z e d  v i a  e i t he r  t h e  P O R V s  o r  a u x i l i a r y  s p r a y  y i e l d s  
an  estimated o v e r a l l  s e q u e n c e  f r e q u e n c y  of c o r e  damage e v e n t s  o f  
8E-6/ ry .  I t  s h o u l d  be n o t e d  t h a t  t h i s  f r e q u e n c y  i n c o r p o r a t e s  m u l t i p l e  
o p e r a t o r  f a i l u r e  p r o b a b i l i t i e s  t h a t  are ,  a t  b e s t ,  d i f f i c u l t  t o  estimate. 
The u n c e r t a i n t y  i n  t h e  estimated f r e q u e n c y  is e x p e c t e d  t o  be large.  

5 .2 .2  Small-Break LOCA Sequence  I n v o l v i n g  PTS C o n d i t i o n s  

Given a small-break LOCA and assuming t h a t  R C S  cooldown is i n i t i a t e d  and  
c o n t i n u e d ,  t h e  t e m p e r a t u r e  o f  t h e  c o o l a n t  i n  t h e  r e a c t o r  v e s s e l  
downcomer w i l l  decrease. The downcomer t e m p e r a t u r e  w i l l  f u r t h e r  
decrease due t o  t h e  a d d i t i o n  o f  water f rom t h e  HPSI  sys t em.  The R C S  
p r e s s u r e ,  however ,  w i l l  be d e t e r m i n e d  by t h e  s a t u r a t i o n  p r e s s u r e  a t  t h e  
higher  c o r e  o u t l e t  t e m p e r a t u r e  and w i l l  depend on t h e  c o r e  decay heat 
r a t e ,  t h e  LOCA s i z e ,  and  t h e  S G  heat t r a n s f e r  ra te .  Under these 
c o n d i t i o n s ,  e x c e e d i n g  t h e  r e a c t o r  v e s s e l  RTNDT t e c h n i c a l  s p e c i f i c a t i o n  
l i m i t  is credible  f o r  small-break L O C A s .  

I f  t he  RTNDT l i m i t  is a p p r o a c h e d ,  t h e  o p e r a t o r  is c a u t i o n e d  t o  depres-  
s u r i z e  t h e  RCS.  Al though n o t  s p e c i f i e d  i n  t h e  LOCA p r o c e d u r e ,  i t  is  



assumed t h a t  t h e  o p e r a t o r  would open the  p r e s s u r i z e r  P O R V s  t o  
d e p r e s s u r i z e  t h e  R C S  w i t h  t h e  e x i s t i n g  p rocedure .  I n  t he  d r a f t  
p r o c e d u r e ,  t h e  operator  is i n s t r u c t e d  t o  i n i t i a t e  a u x i l i a r y  s p r a y  a t  a 
R C  s u b c o o l i n g  l i m i t  o f  200°F,  which r e s u l t s  i n  RCS d e p r e s s u r i z a t i o n .  
F a i l u r e  of t h e  o p e r a t o r  t o  per form t h i s  f u n c t i o n  i s  assumed t o  r e s u l t  i n  
a PTS c o n d i t i o n  as i n d i c a t e d  i n  t h e  LOCA e v e n t  t ree  ( F i g .  4 . 3 ) .  

The f r e q u e n c y  o f  t h i s  s equence  i n v o l v e s  o n l y  t h e  f r e q u e n c y  of a small- 
break LOCA, 1 .5E-2/ ry ,  and t h e  p r o b a b i l i t y  t h a t  t h e  o p e r a t o r  f a i l s  t o  
open t h e  p r e s s u r i z e r  P O R V s  when i n d i c a t e d .  Due t o  t h e  r e l a t i v e l y  slow 
r a t e  of  change  i n  reactor v e s s e l  c o n d i t i o n s  i n  t h i s  phase  of t h e  t r a n -  
s i e n t ,  i t  is assumed t h a t  t h e  PTS c o n d i t i o n  w i l l  be avo ided  i f  t h e  
operator opens  t h e  P O R V s  o r  i n i t i a t e s  a u x i l i a r y  s p r a y  w i t h i n  30 min of  
t h e  i n d i c a t e d  approach  t o  t h e  t e c h n i c a l  s p e c i f i c a t i o n  or s u b c o o l i n g  
l i m i t .  Based on t h e  data of ref .  1 4 ,  t h i s  would y i e l d  a p r o b a b i l i t y  of 
o p e r a t o r  f a i l u r e  of 0.01 p e r  demand and  hence  a PTS sequence  f r e q u e n c y  of 
1.5E-4/ry.  

I t  s h o u l d  be emphas ized  t h a t  t h i s  PTS f r e q u e n c y  i s  f o r  a s t a g n a t e d  LOCA 
o v e r c o o l i n g  e v e n t  a t  p r e s s u r e ,  b u t  d o e s  n o t  i n c l u d e  the  c o n d i t i o n a l  
p r o b a b i l i t y  o f  v e s s e l  f a i l u r e .  Based on r e f .  5 ,  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  v e s s e l  f a i l u r e  g i v e n  a s t a g n a t e d  LOCA and a 900 p s i  
p r e s s u r e  is -lo- ' .  Thus,  t h e  f r e q u e n c y  of t h i s  s equence  l e a d i n g  t o  
v e s s e l  f a i l u r e  is -lO-'/ry, which is n o t  b e l i e v e d  t o  be  of s i g n i f i c a n t  
conce rn .  

5 . 3  STEAM GENERATOR OVERFILL 

A s  d i s c u s s e d  i n  Sects.  4 .3 .2 .2  and  4 .3 .2 .7 ,  t h e  MFW flow r a t e  must be  
c o n t r o l l e d  f o l l o w i n g  a r e a c t o r  t r i p  t o  p r e v e n t  o v e r f e e d i n g  t h e  SGs .  The 
e v e n t  t r e e  d e s c r i b i n g  t h e  o v e r f e e d  t r a n s i e n t  is  shown i n  F i g .  4.6. Two 
c a t e g o r i e s  of  p o t e n t i a l  SG o v e r f i l l  e v e n t s  were i d e n t i f i e d :  r a p i d  and 
s low.  Slow o v e r f e e d  t r a n s i e n t s  o c c u r  v i a  t h e  bypass  v a l v e s  f o l l o w i n g  
c l o s u r e  of t h e  FW r e g u l a t i n g  v a l v e s .  A s  descr ibed i n  Sect. 4 ,  slow 
o v e r f e e d  t r a n s i e n t s  are  n o t  c o n s i d e r e d  h a z a r d o u s  even  i f  S G  o v e r f i l l  
o c c u r s .  

Rapid  o v e r f e e d  t r a n s i e n t s ,  which c o u l d  r e s u l t  i n  s i g n i f i c a n t  i n j e c t i o n  of 
h i g h - t e m p e r a t u r e  water i n t o  t h e  steam l i n e s ,  o c c u r  v i a  t h e  r e g u l a t i n g  
v a l v e .  Fo l lowing  a reactor t r i p ,  a MFW r e g u l a t i n g  v a l v e  f a i l u r e  t o  close 
or s p u r i o u s  o p e n i n g  w i l l  i n i t i a t e  t h e  s e q u e n c e  l e a d i n g  t o  r a p i d  S G  
o v e r f i l l .  If t h e  operator f a i l s  t o  t r i p  t h e  MFW pumps o r  i s o l a t e  t he  FW 
l i n e  by c l o s i n g  t h e  r e g u l a t i n g  v a l v e  or t h e  MFW i s o l a t i o n  v a l v e ,  r a p i d  SG 
o v e r f i l l  w i l l  r e s u l t .  The r e a c t o r  t r i p  used  a s  the  i n i t i a t o r  fo r  t h e  SG 
o v e r f e e d  e v e n t  t ree  w i l l  a l s o  i n i t i a t e  t u r b i n e  t r i p .  Both t r i p  s y s t e m s  
are h i g h l y  r e l i a b l e ,  and  f a i l u r e  of t h e  r e a c t o r  t r i p  t o  i n i t i a t e  t u r b i n e  
t r i p  w i l l  n o t  p r e c l u d e  t u r b i n e  t r i p  on  some o ther  pa rame te r .  L i k e w i s e ,  
f a i l u r e  o f  the  t u r b i n e  t r i p  t o  i n i t i a t e  reactor t r i p  w i l l  n o t  p r e c l u d e  
r e a c t o r  t r i p  on some o ther  parameter. However, f a i l u r e  of t h e  t u r b i n e  
t r i p  s i g n a l  t o  t h e  r e g u l a t i n g  v a l v e  may c o n t r i b u t e  t o  r a p i d  SG o v e r f i l l .  
Hence, r a p i d  SG o v e r f i l l  is p a r t i t i o n e d  i n t o  two cases. 
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I n  t h e  f i r s t  case,  t h e  r e g u l a t i n g  v a l v e  r e c e i v e s  a c l o s u r e  s i g n a l  from 
t h e  t u r b i n e  t r i p  c i r c u i t r y  b u t  t h e  v a l v e  i tself  f a i l s  t o  c l o s e .  I n  t h e  
second  case, t h e  r e g u l a t i n g  v a l v e  c i r c u i t  f a i l s  t o  r e c e i v e  t h e  c l o s u r e  
s i g n a l  from t h e  t u r b i n e  t r i p  c i r c u i t r y .  Both c a s e s  were a n a l y z e d  u s i n g  
f a u l t  t ree  a n a l y s i s  t o  d e t e r m i n e  t h e  f r e q u e n c y  o f  SG o v e r f i l l .  

5.3.1 Feedwater Valve  R e c e i v e s  C l o s u r e  S i g n a l  from T u r b i n e  T r i p  
C i r c u i t r y  

T h i s  c a s e ,  d e p i c t e d  i n  F i g .  5 . 2 ,  i n v o l v e s  t he  f o l l o w i n g  c o n d i t i o n s :  
( a )  t h e  r e g u l a t i n g  v a l v e  f a i l s  t o  c l o s e ,  and ( b )  t h e  o p e r a t o r  f a i l s  t o  
p r e v e n t  o v e r f i l l .  

The r e g u l a t i n g  v a l v e  may f a i l  t o  c l o s e  due t o  l o s s  of i n s t r u m e n t  a i r ,  
mechan ica l  f a i l u r e ,  o r  f a i l u r e s  o f  FW r e g u l a t i n g  s y s t e m  components.  
Loss of i n s t r u m e n t  a i r  t o  t h e  r e g u l a t i n g  v a l v e  is f u r t h e r  c l a s s i f i e d  
i n t o  loss  of e l e c t r i c  power t o  t h e  a i r  s u p p l y  s o l e n o i d  v a l v e  and t h e  
s o l e n o i d  v a l v e  f a i l i n g  c l o s e d .  The FW r e g u l a t i n g  s y s t e m  f a i l u r e s  are  
f u r t h e r  p a r t i t i o n e d  i n t o  c u r r e n t - t o - p n e u m a t i c  ( I / P )  t r a n s d u c e r  f a i l u r e  
and h a n d l a u t o  module f a i l u r e .  The f a i l u r e  r a t e s  and f r e q u e n c i e s  f o r  
t hese  e v e n t s  are  l i s t e d  i n  T a b l e  5 .1 .  

The v a l v e  f a i l u r e  i t s e l f  is n o t  e x p e c t e d  t o  produce  a r a p i d  SG o v e r f e e d  
u n t i l  t h e  r e a c t o r  is t r i p p e d .  However, once  v a l v e  f a i l u r e  i n i t i a t e s  S G  
o v e r f e e d ,  t h e  r e a c t o r  and t u r b i n e  are e x p e c t e d  t o  t r i p  on h i g h  S G  l e v e l  
( o r  o t h e r  p a r a m e t e r ) .  

The " o p e r a t o r  f a i l s  t o  p r e v e n t  o v e r f i l l "  e v e n t  was estimated t o  o c c u r  a t  
a f r e q u e n c y  o f  0.1 p e r  demand. T h i s  estimate is  based on t h e  f o l l o w i n g  
a s s u m p t i o n s :  

1 .  FW f low r a t e  is 5.576 x 106 lbm/h/SG; 
2. Steam f l o w  r a t e  is 5% of o p e r a t i n g  f low r a t e  f o l l o w i n g  t u r b i n e  

t r i p  o r  2 .8  x 105 lbm/h/SG; and 
3. F o l l o w i n g  h i g h - l e v e l  alarm i n d i c a t i o n ,  t h e  a d d i t i o n  of 

25 ,605  ga l  (1 .8  x 105 l b m )  of water w i l l  r e s u l t  i n  S G  
o v e r f i l l .  

C a l c u l a t e d  time t o  o v e r f i l l  based on these a s s u m p t i o n s  is 2 min. 
C l e a r l y ,  2 min is a s h o r t  time f o r  t h e  o p e r a t o r  t o  i n t e r p r e t  t h e  
s i t u a t i o n  and take a p p r o p r i a t e  remedial a c t i o n .  However, t h e  o p e r a t o r  
is i n s t r u c t e d  i n  S t e p  4 t h e  Emergency O p e r a t i n g  P r o c e d u r e  f o r  R e a c t o r  
T r i p  ( E O P - l ) 2 4  t o  v e r i f y  t h a t  t h e  FW r e g u l a t i n g  v a l v e s  c l o s e  and t h a t  FW 
b y p a s s  v a l v e s  open  t o  5% f low.  The s u p p l e m e n t a l  a c t i o n  s e c t i o n  o f  t h i s  
p r o c e d u r e  a l s o  i n c l u d e s  f o u r  s teps  (4, 5 ,  6 ,  and  7 )  t h a t  are d e s i g n e d  t o  
p r e v e n t  SG o v e r f i l l .  Hence, a f a i l u r e  r a t e  o f  O.l/demand a p p e a r s  
r e a s o n a b l e .  

The f r e q u e n c y  o f  S G  o v e r f i l l  i f  t he  t u r b i n e  t r i p  s i g n a l  t o  t h e  FW v a l v e  
is r e c e i v e d  is 9E-3/ry.  
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SG OVERFILL VIA 
REGVLVGIVEN 
TLIRBINE TRIP 

9 E-3/yr 

I 

F i g .  5 .2 .  F a u l t  t ree  o f  SG o v e r f i l l  where r e g u l a t i n g  v a l v e  c i r c u i t  
r e c e i v e s  t u r b i n e  t r i p  s i g n a l .  

1 

5 . 3 . 2  Feedwater  R e g u l a t i n g  Valve  C i r c u i t  F a i l s  t o  Rece ive  C l o s u r e  
S i g n a l  f rom T u r b i n e  T r i p  C i r c u i t r y  

REGVLV 
FAILS TO 

CLOSE 

T h i s  case, d e p i c t e d  i n  F i g .  5 .3 ,  i n v o l v e s  t h e  f o l l o w i n g  c o n d i t i o n s :  

REACTOR TRIP OPERATOR 
OCCURS GIVEN FAILS TO 
REG VLV FAILS STOP OVERFILL 

1 .  r e g u l a t i n g  v a l v e  f a i l s  t o  r e c e i v e  t h e  t u r b i n e  t r i p  s i g n a l ,  
2. r e g u l a t i n g  v a l v e  is n o t  c losed ,  and  
3. o p e r a t o r  f a i l s  t o  i s o l a t e  FW t o  S G .  

1 

The r e g u l a t i n g  v a l v e  may f a i l  t o  r e c e i v e  t h e  t u r b i n e  t r i p  s i g n a l  because  
a n  "OR g a t e "  module f a i l s ,  t h e  r e l a y  f a i l s ,  o r  t h e  cable f a i l s  t o  
t r a n s m i t  t h e  s i g n a l .  The r e g u l a t i n g  v a l v e  may f a i l  t o  c lose because  i t  
has f a i l e d  open a t  power or because  i t  f a i l s  t o  c l o s e .  I t  s h o u l d  be 
n o t e d  t h a t  t h e  f a i l u r e  r a t e  f o r  a r e g u l a t i n g  v a l v e  f a i l i n g  t o  c lose  
e v e n t  is h i g h e r  (0.5,'~) t h a n  a similar e v e n t  i n  F ig .  5 .2  b e c a u s e  t h e  
e x t e r n a l  " t u r b i n e  t r i p p e d "  s i g n a l  is n o t  a v a i l a b l e  t o  b lock  s p u r i o u s  
s i g n a l s  o r i g i n a t i n g  from ups t r eam modules .  The 0.5/y v a l v e  was t a k e n  
from C a l v e r t  C l i f f s  o p e r a t i n g  e x p e r i e n c e ,  i n  which 7 i n c r e a s i n g  FW flow 
e v e n t s  o c c u r r e d  i n  1 4  y e a r s .  A s  above ,  o n c e  t h e  v a l v e  f a i l u r e  o c c u r s ,  
t h e  r e a c t o r  and t u r b i n e  a re  e x p e c t e d  t o  t r i p .  The " o p e r a t o r  f a i l s  t o  

LOSS OF SOLENOLD 
P M R  FROn VALVEFAILS 

1 Y O 9  CLOSED 

I/P HAND/AUTO 
STATION TRANSDUCER 

FAILS FAILS 
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T a b l e  5.1. Basis o f  f a i l u r e  ra tes  f o r  steam g e n e r a t o r  
o v e r f i l l  f a u l t  t ree  

Frequency /  
F a i l u r e  P r o b a b i l i t y  Basis 

CornDonent F a i l u r e s  

OR g a t e  f a i l s  5 . 2  1 0 - ~ d  IEEE-500, p .  704 ( 6  tes ts /  
year) ( r e f .  25)  

R e l a y  f a i l s  t o  c l o s e  5.7 1 0 - v d  MILHDBK-217D ( 6  t e s t s lyea r )  
( r e f .  26)  

Cable  f a i l u r e  p r e v e n t s  2.9 x 10-3 /d  IEEE-500 ( 6  t e s t s / y e a r )  
v a l v e  c l o s u r e  ( r e f .  25)  

R e g u l a t i n g  v a l v e  f a i l s  5.17 x 1 0 - 3 / y r  IEEE-500, p .  479 ( r e f .  25)  
open a t  power 

Loss  o f  power f o r  1YO9 3 . 5  x lO-‘/yr R e f e r e n c e  5 

Mechanica l  f a i l u r e  of 6 x 1 0 - 3 / y r  NREP ( 6  t e s t s lyea r )  
r e g u l a t i n g  v a l v e  ( r e f .  27)  

I / P  t r a n s d u c e r  f a i l s  3.4 x 10-’/yr I E E E - 5 0 0 ,  p .  549 ( r e f .  25) 

S o l e n o i d  v a l v e  f a i l s  6 x IO-’ /yr  Corn p a r  ab1 e I EEE - 5 0 0 
c l o s e d  ( r e f .  25) 

O p e r a t o r  E r r o r  

O p e r a t o r  f a i l s  t o  
p r e v e n t  o v e r f i l l  

0.1 /d  

O p e r a t o r  f a i l s  t o  O . l / d  
i s o l a t e  feedwater 

2-3 m i n u t e s  t o  a c t ;  b u t  
p r o c e d u r e  i n s  t r  uc  ts 
r e g u l a t i n g  v a l v e  c l o s u r e  

2-3 m i n u t e s  t o  ac t ;  b u t  
p r o c e d u r e  i n s  t r  uc t s 
r e g u l a t i n g  v a l v e  c l o s u r e  

R e g u l a t i n g  v a l v e  0 . 5 / y r  NUREG/CR-3862 ( r e f .  28 )  
f a i l s  t o  close ( 7  e v e n t s  i n  1 4  y e a r s )  
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SG OVERFILL W E N  

TO CLOSE FW VLV 

OCCURS GIVEN 
CLOSED REG VLV FAILS 

SIG FAILS TO 
CLOSE FWVLV ISOLATE FW 

1””::”’4 l”i”:”*;”l /””::IF] Fl 
CLOSE IN 

5.2E-3/D 5 .7E4 /D  2.9€-3/D 
POWER CLOSE 

5 .2€-3 /vr  0 . 5 / y r  

F i g .  5.3. F a u l t  t ree  of SG o v e r f i l l  where r e g u l a t i n g  v a l v e  c i r c u i t  
f a i l s  t o  r e c e i v e  t u r b i n e  t r i p  s i g n a l .  

i so la te  feedwater” e v e n t  is e q u i v a l e n t  t o  t h e  ” o p e r a t o r  f a i l s  t o  p r e v e n t  
o v e r f i l l ”  e v e n t  of  F i g .  5 .2 .  The f a i l u r e  r a t e  and f r e q u e n c i e s  f o r  these 
e v e n t s  are l i s t e d  i n  Table  5.1. The f r e q u e n c y  f o r  t h i s  case i s  
4.4E-4/y, a n  order of  magni tude  smaller t h a n  the  v a l v e  f a i l u r e  case. 
The t o t a l  f r e q u e n c y  f o r  t h e  SG o v e r f i l l  e v e n t  was c a l c u l a t e d  t o  be 
9.4E-3/y, o r  one  S G  o v e r f i l l  e v e n t  e v e r y  100 y e a r s .  

On October 11 ,  1983,  a SG o v e r f i l l  t o o k  p l a c e  i n  SG 21 a t  C a l v e r t  C l i f f s  
U n i t  2. The SG o v e r f i l l  o c c u r r e d  3 min a f t e r  t h e  i n i t i a t o r  of t h e  e v e n t  
and 2 min a f t e r  t h e  reactor t r i p . 2 3  Assuming -19 y o f  reactor o p e r a t i o n  
( U n i t s  1 and 2 combined) ,  t h e  f r e q u e n c y  f o r  S G  o v e r f i l l  is O.O5/y, which 
is i n  r e a s o n a b l e  agreement  w i t h  t h e  c a l c u l a t e d  v a l u e  of -O.Ol/y ( t h e  
0.05 and 0 .95  c h i - s q u a r e d  l i m i t s  f o r  one  e v e n t  i n  1 9  r y  are  0.005 and 
0.32 e v e n t s  p e r  r e a c t o r  y e a r  r e s p e c t i v e l y . )  

5.4 I N I T I A T I N G  EVENT P R O B A B I L I T I E S  

Q u a n t i f i c a t i o n  o f  e x p e c t e d  f r e q u e n c i e s  of o c c u r r e n c e  of t h e  major  
s e q u e n c e s  of  i n t e r e s t  depends  on t h e  i n i t i a t i n g  e v e n t  f r e q u e n c i e s  as 
w e l l  as on t h e  a p p r o p r i a t 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  associated w i t h  t h e  
s u c c e s s  or f a i l u r e  of s p e c i f i c  equipment  o p e r a t i o n s  ( and  t h e  rough 
s u c c e s s  and f a i l u r e  p r o b a b i l i t i e s  associated w i t h  o p e r a t o r  a c t i o n s  where 
a p p r o p r i a t e ) .  An estimate of  i n i t i a t i n g  e v e n t  f r e q u e n c i e s  can  be 
d e r i v e d  from t h e  number of  p r e c u r s o r s  or major  s e q u e n c e - i n i t i a t i n g  
e v e n t s  t h a t  have  o c c u r r e d  o v e r  a g i v e n  number of  p l a n t  o p e r a t i n g  y e a r s .  
These are summarized fo r  C a l v e r t  C l i f f s  and /o r  other  C-E p l a n t s  i n  
Table  5.2.  
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Table  5.2.  Approximate f r e q u e n c y  o f  i n i t i a t i n g  e v e n t s /  
s equence  p r e c u r s o r s  based on  C a l v e r t  C l i f f s  and 

o t h e r  C-E p l a n t  o p e r a t i n g  h i s t o r i e s  

Frequency* 
Event  ( e v e n t s l p l a n t  y e a r )  

S G  o v e r f e e d  ( h i g h - l e v e l  t r i p ,  
o v e r f i l l  p r e c u r s o r )  

0 .2  

SB -LOCA 0.01 

F l o o d i n g  0.05 

SG low l e v e l  t r i p  (AFW c h a l l e n g e )  0 .6  

S i n g l e  e l ec t r i ca l  s y s t e m  f a i l u r e  0 .3  
* A l l  f r e q u e n c i e s  are based on 1 9  p l a n t  years o f  

o p e r a t i o n  f o r  C a l v e r t  C l i f f s  U n i t s  1 and  2 ,  e x c e p t  f o r  t h e  
SB-LOCA, which is based  on 88 p l a n t  years o f  o p e r a t i o n  f o r  
U.S. Combustion E n g i n e e r i n g  p l a n t s .  



6. AUGMENTED FAILURE MODE A N D  EFFECTS ANALYSIS 

6 .1  R E T R A N  MODELING OF CALVERT CLIFFS-1 

The FMEA descr ibed i n  p r e v i o u s  c h a p t e r s  i d e n t i f i e d  sequences  of e v e n t s  
j u d g e d  s u f f i c i e n t l y  complex t o  merit f u r t h e r  a n a l y s i s  i n  de t a i l ed  
dynamic s i m u l a t i o n s .  T h i s  s e c t i o n  descr ibes  the  RETRAN model deve loped  
f o r  t h i s  pu rpose  and t h e  r e s u l t s  o b t a i n e d .  The mathematical t o o l  was 
RETRAN2/Mod3,” the  l a t e s t  v e r s i o n  o f  a w i d e l y  used  and e x t e n s i v e l y  
v a l i d a t e d  t h e r m o h y d r a u l i c s  p r o d u c t i o n  code o b t a i n e d  by l i c e n s e  ag reemen t  
w i t h  t h e  d e v e l o p e r ,  E lec t r ic  Power Research I n s t i t u t e ,  and  i n s t a l l e d  on  
t h e  ORNL IBM-3033 computer .  RETRAN2 is a f i r s t - p r i n c i p l e s  methodology 
capable o f  t r e a t i n g  two-phase flow w i t h  s l i p .  Thermai e q u i l i b r i u m  of 
p h a s e s  is assumed e x c e p t  i n  t h e  p r e s s u r i z e r ,  where n o n e q u i l i b r i u m  
p r o c e s s e s  are  i m p o r t a n t  and s p e c i a l  methodology is used .  Heat t r a n s f e r  
i n  s o l i d s  is o b t a i n e d  from t h e  c o n v e n t i o n a l  c o n d u c t i o n  e q u a t i o n .  P o i n t  
or l - D  k i n e t i c s  is a v a i l a b l e  f o r  t h e  reactor .  The fundamen ta l  
methodology is supplemented  w i t h  a broad l ist  of process submodels  t h a t  
c a l c u l a t e  heat t r a n s f e r  c o e f f i c i e n t s ,  f l u i d  and  metal s t a t e  p r o p e r t i e s ,  
choked f low,  form and wal l  f r i c t i o n  losses,  e tc .  Also s u p p l i e d  are 
component submodels  f o r  v a r i o u s  t y p e s  of v a l v e s  and pumps ( t h e  l a t t e r  of 
which i n c o r p o r a t e  f o u r - q u a d r a n t  charac te r i s t ics  fo r  components i n  which 
two-phase o r  r e v e r s e  flow may be e x p e c t e d )  a n d  head v e r s u s  f l o w  c u r v e s  
f o r  o thers .  

E x t e n s i v e  i n p u t  al lows the  code t o  be h i g h l y  p a r t i c u l a r i z e d  t o  a 
s p e c i f i c  p l a n t .  Inves tmen t  i n  time and  manpower o c c u r s  p r i m a r i l y  i n  
s e t t i n g  up t h e  base case. Changes are  c o m p a r a t i v e l y  e a s y  t o  implement .  

6.1.1 Overview of t h e  Model 

The ORNL s i m u l a t i o n  is based upon a C a l v e r t  C l i f f s - I  R E T R A N  model 
p rov ided  by BG&E and p r e v i o u s l y  used  i n  the u t i l i t y ’ s  s t u d i e s  of c e r t a i n  
a s p e c t s  of p l a n t  dynamics.  The BG&E model s i m u l a t e d  p r i n c i p a l l y  t h e  
p r imary  sys t ems .  The s e c o n d a r y  s i d e  of each S G  was r e p r e s e n t e d  by f i v e  
n o d e s ,  and  t h e  b a l a n c e  of p l a n t  was r e p r e s e n t e d  by boundary  c o n d i t i o n s .  
To t rea t  a l l  cases of  i n t e r e s t  t o  t h e  SICS Program, i t  was n e c e s s a r y  t o  
expand p o r t i o n s  of t h e  model ,  p r i n c i p a l l y  t h e  SG and c o n t r o l  sys t em 
s i m u l a t i o n s .  The a d d i t i o n s  are based upon C a l v e r t  C l i f f s - 1  
p l a n t - s p e c i f i c  i n f o r m a t i o n  p rov ided  by BG&E and C-E. The f o l l o w i n g  
components  are e x p l i c i t l y  r e p r e s e n t e d  ( F i g .  6 . 1 ) :  

P r imary  s y s t e m s  
c o r e  n e u t r o n i c s ,  i n c l u d i n g  banked c o n t r o l  rods  
t h e r m o h y d r a u l i c s  of both l o o p s  
main pumps 
p r e s s u r i z e r ,  P O R V s ,  s a f e t y  v a l v e s ,  s p r a y  v a l v e s ,  heaters  
makeup and  l e tdown  
h i g h - p r e s s u r e  i n j e c t i o n  
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F i g .  6 . 1 .  R E T R A N  model of C a l v e r t  C l i f f s - 1 .  

Steam g e n e r a t o r s  
n o d a l i z a t i o n  expanded t o  10 nodes  p e r  s e c o n d a r y  s i d e  
wide- and nar row-range  water l e v e l  scales 
f u n c t i o n a l  r e p r e s e n t a t i o n  o f  m o i s t u r e  s e p a r a t o r  e f f i c i e n c y  

v e r s u s  d e g r e e  o f  o v e r f i l l  

Steam l i n e  s a f e t y  and  a t m o s p h e r i c  dump v a l v e s  

F e e d t r a i n  
main feedpumps 
FW r e c i r c u l a t i o n  t o  condense r  
main f e e d  r e g u l a t i n g  v a l v e s  
main feed i s o l a t i o n  v a l v e s  
b y p a s s  v a l v e s  

T u r b i n e  g e n e r a t o r  
t h r o t t l e  v a l v e s  
main steam i s o l a t i o n  v a l v e s  
t u r b i n e  bypass  v a l v e s  



181 

C o n t r o l  sys t em 
reactor 
p r e s s u r i z e r  water l e v e l  
p r e s s u r i z e r  p r e s s u r e  
S G  water l e v e l ,  one-element  and t h r e e - e l e m e n t  modes 
FW pump s p e e d  
FW bypass  and r e c i r c u l a t i o n  
t u r b i n e  t r i p s  
r e a c t o r  t r i p s  
MFW pump t r i p s  

A u x i l i a r y  f e e d w a t e r ,  w i t h  c o n t r o l s  

The p r imary  s i d e  of t h e  model is l a r g e l y  as  s u p p l i e d  by BG&E. S i m u l a t e d  
are  t h e  t h e r m o h y d r a u l i c s  of b o t h  l o o p s ;  i m p o r t a n t  h e a t  a b s o r b i n g  metal 
masses of t h e  v e s s e l ,  p l e n a ,  core ,  and  p i p e s ;  makeup and  l e tdown;  and 
t h e  HPI  pumps. The n o n e q u i l i b r i u m  p r e s s u r i z e r  i n c l u d e s  P O R V s ,  s a f e t y  
v a l v e s ,  and h e a t e r s .  N e u t r o n i c s  are t r ea t ed  a c c o r d i n g  t o  p o i n t  k i n e t i c s .  
To t h i s  ORNL added  s i m u l a t i o n  of banked c o n t r o l  rods ,  a c h i e v e d  by 
mod i fy ing  t h e  e f f e c t i v e  n e u t r o n  c r o s s  s e c t i o n s  a c c o r d i n g  t o  a n  
a p p r o p r i a t e  program. 

Refinement  of t h e  SG n o d a l i z a t i o n  was prompted by t h e  FMEA of  c r ed ib l e  
m a l f u n c t i o n s  of  t h e  water l e v e l  s e n s o r s .  S u f f i c i e n t  nodes  were added  t o  
p e r m i t  d i r ec t  s i m u l a t i o n  o f  t h e  p r e s s u r e  t a p s  used  by t h e  nar row-range  
sca le  i n  t h e  upper  p o r t i o n  o f  t h e  g e n e r a t o r  and  t h e  wide r a n g e  scale  
t h a t  s p a n s  t h e  l e n g t h  of t h e  g e n e r a t o r .  The ORNL c a l c u l a t i o n  of 
g e n e r a t o r  water l e v e l  is  a c h i e v e d  by s c a l i n g  t h e  a p p r o p r i a t e  s i m u l a t e d  
p r e s s u r e  d i f f e r e n t i a l s  t o  e q u a l  t h e  known i n s t r u m e n t  r e a d i n g s  a t  100% 
power. T h i s  is t h e  m a t h e m a t i c a l  a n a l o g  of t h e  method used  i n  t h e  p l a n t .  
A u x i l i a r y  f e e d  flow is  c o n t r o l l e d  a t  t h e  low-low l e v e l  se t  p o i n t ,  read 
on t h e  wide- range  scale.  

Modeled v a l v e s  i n c l u d e  main f e e d  v a l v e s  and a s s o c i a t e d  AP s e n s o r s  t h a t  
c o n t r o l  pump speed .  On t u r b i n e  t r i p ,  these c l o s e  and are  i s o l a t e d  by 
b l o c k  v a l v e s .  Flow is  s h u n t e d  t h r o u g h  b y p a s s  v a l v e s  t h a t  r e q u i r e  manual 
r e g u l a t i o n  t o  match a f te rhea t ;  15% c a p a c i t y  v a l v e s  are r e g u l a t e d  n e a r  5% 
The main pumps are p r o t e c t e d  a g a i n s t  low-flow damage by r e c i r c u l a t i o n  
l i n e s  t h a t  open  when t o t a l  flow p e r  pump decreases below 498 l b / s .  
Steam l i n e  s a f e t y  and  a t m o s p h e r i c  dump v a l v e s  are banked and  s t a g e d  t o  
open and rese t  a t  s c h e d u l e d  s e t  p o i n t s .  The b a l a n c e  o f  p l a n t  is 
r e p r e s e n t e d  by boundary c o n d i t i o n s  a t  t h e  t u r b i n e  t h r o t t l e  v a l v e s  and 
t h e  main feedpump s u c t i o n .  

The c o n t r o l  sys t em was s u p p l i e d  i n  p a r t  by t h e  BG&E model. E lements  now 
i n  p l a c e  c o n s i s t  of t h e  f o l l o w i n g  p r i n c i p a l  loops: ( 1 )  reactor power is  
modula ted  by ma tch ing  measured  c o o l a n t  t e m p e r a t u r e  t o  a demand 
t e m p e r a t u r e ,  ( 2 )  pr imary  p r e s s u r e  is c o n t r o l l e d  by a c t i o n  of p r e s s u r i z e r  
heaters and s p r a y ,  ( 3 )  g e n e r a t o r  water l e v e l  is m a i n t a i n e d  by r e g u l a t i n g  
the  FW v a l v e s  t o  match FW flow t o  steam flow and m a i n t a i n  l e v e l  se t  
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p o i n t ,  ( 4 )  p r i m a r y  i n v e n t o r y  is c o n t r o l l e d  by t h e  makeup and  l e t d o w n  
s y s t e m ,  and ( 5 )  FW pump s p e e d  is a d j u s t e d  t o  y i e l d  f i x e d  p r e s s u r e  l o s s  
a c r o s s  t h e  MFW v a l v e s .  

P r o t e c t i v e  or a u x i l i a r y  c o n t r o l  a c t i o n s  i n c l u d e  HPI on low p r e s s u r i z e r  
p r e s s u r e ;  i n i t i a t i o n  o f  AFW o n  low-low g e n e r a t o r  water l e v e l ;  r e a c t o r  
t r i p  on h i g h  power,  h i g h  or low p r i m a r y  p r e s s u r e ,  and  low S G  l e v e l ;  t r i p  
o f  t h e  MFW on h i g h  head p r e s s u r e ;  and t r i p  of r e c i r c u l a t i o n  v a l v e s  on 
low pump flow. 

6 . 1 . 2  Model V a l i d a t i o n  

The RETRAN2IMod3 c o d e ,  which p r o v i d e d  t h e  mathematical framework fo r  t h e  
model ing  d e s c r i b e d  here, has r e c e i v e d  e x t e n s i v e  v a l i d a t i o n  a g a i n s t  a 
broad  s p e c t r u m  of b o t h  process and s y s t e m s  da ta .  The code i n  i ts  
p r e s e n t  and p r e v i o u s  e d i t i o n s  has been u s e d  w o r l d w i d e  f o r  many y e a r s  t o  
s t u d y  PWR dynamics.  

The C a l v e r t  C l i f f s  model s u p p l i e d  t o  ORNL was p r e v i o u s l y  v a l i d a t e d  by 
BG&E a g a i n s t  a l o s s - o f - l o a d  e v e n t  t h a t  o c c u r r e d  a t  C a l v e r t  C l i f f s - 2 ,  
s ister p l a n t  t o  U n i t  1 ,  on  October 1 1 ,  1983 .23  Parameters compared 
i n c l u d e d  p r e s s u r i z e r  p r e s s u r e  and water l e v e l ,  l o o p  A hot-  and c o l d - l e g  
c o o l a n t  t e m p e r a t u r e s ,  l o o p  B s e c o n d a r y  p r e s s u r e ,  and water l e v e l  i n  b o t h  
g e n e r a t o r s .  The model showed g e n e r a l l y  good agreement  w i t h  t h e  da t a .  
The da t a  have  been s u p p l i e d  t o  ORNL and a r e  b e i n g  u s e d  t o  r e v a l i d a t e  t h e  
expanded v e r s i o n .  

6 . 1 . 3  T r a n s i e n t s  Run w i t h  t h e  Model 

The R E T R A N  model has been used  t o  i n v e s t i g a t e  three c a t e g o r i e s  of 
s c e n a r i o s :  S G  o v e r f i l l ,  S G  d r y o u t ,  and p r i m a r y - s i d e  d e p r e s s u r i z a t i o n  
t h a t  may uncover  t h e  core. The f o l l o w i n g  1 5  cases have been r u n :  

O v e r f i l l :  

1 .  F a i l u r e  h i g h  of SC-A, steam flow r e a d i n g  a t  1940 l b / s  (nominal  
r e a d i n g  is 1640 l b / s ) ;  SG h i g h - l e v e l  t u r b i n e  t r i p  defeated. 

2. F a i l u r e  low of SG-A water l e v e l  r e a d i n g  1 0  i n .  below s e t  p o i n t ;  S C  
h i g h - l e v e l  t u r b i n e  t r i p  defeated.  

3. SG-A MFW v a l v e  f a i l ed  f u l l  open i n  1.5 s. 

4. SG-A MFW v a l v e  f a i l e d  f u l l  open i n  1 .5  s; MFW i s o l a t i o n  v a l v e  f a i l e d  
open.  

5. SG-A MFW v a l v e  f r o z e n  i n  p l a c e  on r e a c t o r / t u r b i n e  t r i p .  

6. SG-A MFW v a l v e  f r o z e n  i n  p l a c e  o n  r e a c t o r l t u r b i n e  t r i p ;  MFW 
i s o l a t i o n  v a l v e  f a i l ed  open .  



7. SG-A MFW v a l v e  f a i l e d  f u l l  open i n  1 .5  s; w i t h  r e c e n t  C a l v e r t  
C l i f f s - 1  d e s i g n  change ,  FW i s o l a t i o n  v a l v e s  do n o t  c l o s e  on  SG 
low-low l e v e l .  

8. SG-A MFW v a l v e  f r o z e n  i n  p l a c e  on  r e a c t o r / t u r b i n e  t r i p ;  w i t h  r e c e n t  
C a l v e r t  C l i f f s - 1  d e s i g n  change ,  FW i s o l a t i o n  v a l v e s  do n o t  close on 
SG low-low l e v e l  t r i p .  

Drvout  : 

1 .  F a i l u r e  low of  SG-A steam f l o w  r e a d i n g  a t  1110 l b / s .  

2. F a i l u r e  h i g h  o f  SG-A l e v e l  r e a d i n g  (nar row r a n g e )  10 i n .  above  s e t  
p o i n t ;  low water l e v e l  (na r row r a n g e )  r e a c t o r  t r i p  d e f e a t e d ;  low-low 
l e v e l  AFW a c t u a t i o n  t r i p  (wide r a n g e )  n o t  f a i l e d .  

3. F a i l u r e  h i g h  o f  SG-A l e v e l  r e a d i n g  10 i n .  above  set p o i n t  on both  
t h e  wide-range and nar row-range  sca les ;  low and low-low l e v e l  t r i p s  
defeated.  

4. SG-A MFW v a l v e  f a i l e d  c o m p l e t e l y  c l o s e d  ( n o  l e a k a g e )  i n  5 s. 

Pr imary - s ide  d e p r e s s u r i z a t i o n :  

1 .  F a i l u r e  open o f  b o t h  PORVs .  

2. F a i l u r e  open o f  one PORV.  

3. Small b r e a k  (0 .0015 f t 2 )  i n  h o t  l e g  o f  l o o p  A. 

The f i r s t  e i g h t  cases assessed whether t h e  s t i p u l a t e d  m a l f u n c t i o n s  of  SG 
c o n t r o l s  c o u l d  i n i t i a t e  a n  o v e r f i l l  e v e n t ,  t h e  n e x t  f o u r  i n v e s t i g a t e d  
whether s t i p u l a t e d  f a i l u r e s  of  g e n e r a t o r  c o n t r o l s  cou ld  induce  d r y o u t ,  
and t h e  l a s t  th ree  e x p l o r e d  whether small-break L O C A s  on  t h e  pr imary  
s i d e  c o u l d  r e s u l t  i n  c o r e  uncovery .  I n  a l l  cases the  a u t o m a t i c  power- 
l e v e l  c o n t r o l l e r  was also defeated.  

The model i n i t i a l l y  i n c l u d e d  c l o s u r e  o f  main feed i s o l a t i o n  v a l v e s  on 
low-low g e n e r a t o r  water l e v e l  t r i p  ( and  AFW a c t u a t i o n ) ,  which u n t i l  
r e c e n t l y  was t h e  d e s i g n  of C a l v e r t  C l i f f s - 1 .  C l o s u r e  o f  i s o l a t i o n  
v a l v e s  on  low-low t r i p  has been d e a c t i v a t e d .  D i scove ry  of t h i s  change 
came midway t h r o u g h  t h e  se r ies  of  r u n s .  Cases t h o u g h t  t o  be p o t e n t i a l l y  
a f f e c t e d  by t h i s  change  were r e p e a t e d  as  i n d i c a t e d  i n  t h e  p r e v i o u s  
d e s c r i p t i o n s .  

6 .1 .4  C a l c u l a t i o n  R e s u l t s  

6.1.4.1 Overfeed  T r a n s i e n t s .  Flow t o  t h e  g e n e r a t o r s  is modula ted  by 
two error s i g n a l s :  steam f l o w  is compared w i t h  feed f low,  and g e n e r a t o r  
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water l e v e l  is compared w i t h  l e v e l  s e t  p o i n t .  The sum o f  these e r r o r s  
is s e n t  t o  t h e  flow c o n t r o l  v a l v e s .  Fo r  t h e  o v e r f i l l  case i n  which 
steam flow r e a d i n g  f a i l e d  h i g h  a t  1940 l b / s  (compared w i t h  nominal  
1640 l b / s ) ,  t h e  c o n t r o l  sys t em i n i t i a l l y  acted t o  i n c r e a s e  FW ( F i g .  6 . 2 ) .  
( I n  t h e  p l o t t e d  r e s u l t s ,  t h e  f irst  60 s are used  by t he  code  t o  
e s t a b l i s h  nominal  s t e a d y  s t a t e ;  t h e  t r a n s i e n t s  b e g i n  a t  60 s.) However, 
the  r e s u l t i n g  i n c r e a s e  i n  g e n e r a t o r  l e v e l  n u l l i f i e d  t h e  steam f l o w  error 
a f t e r  -1 min. Flow i n i t i a l l y  i n c r e a s e d  -10% and t h e n  was r e s t o r e d  t o  
n e a r  nomina l .  There was n e g l i g i b l e  v a r i a t i o n  i n  p r imary  p r e s s u r e  and 
t e m p e r a t u r e ,  and  minor v a r i a t i o n  i n  SG l e v e l .  T h i s  e v e n t  d i d  n o t  r e s u l t  
i n  o v e r f i l l  o r  o v e r c o o l i n g .  

I n  t h e  s e c o n d  o v e r f i l l  s t u d y ,  t h e  SG-A l e v e l  r e a d i n g  was f a i l e d  10 i n .  
below s e t  p o i n t .  The f a i l u r e  dominated  t h e  t r a n s i e n t  and was n o t  
compensa ted  by t h e  r e s u l t i n g  feed flow-steam f l o w  e r r o r .  H i g h - l e v e l  
t r i p  was defeated.  The  SG-A m o i s t u r e  s e p a r a t o r s  and steam dome were 
f l o o d e d  i n  10 min. ( F i g .  6 . 3 1 ,  a t  which time t h e  l i q u i d - s t e a m  m i x t u r e  
began i n j e c t i n g  i n t o  t h e  steam l i n e  ( F i g .  6 . 4 ) .  ( F i g u r e s  6 . 3  t h r o u g h  
6.60 b e g i n  on p .  192 . )  Steam q u a l i t y  decreased t o  85% ( F i g .  6 . 5 ) .  The 
l i q u i d  c o n t e n t  i n  t h e  p i p e  between g e n e r a t o r  and t u r b i n e  was - 1 % .  S i n c e  
t h e  l e v e l  r e a d i n g  s a t u r a t e d  b e f o r e  t h e  g e n e r a t o r  was f u l l  b e c a u s e  o f  
p r e s s u r e  t a p  l o c a t i o n ,  o u t l e t  q u a l i t y  p r o v i d e s  a c learer  i n d i c a t i o n  o f  
when the  g e n e r a t o r  a c t u a l l y  f i l l e d .  Average c o r e  c o o l a n t  t e m p e r a t u r e  
( F i g .  6 . 6 )  and power ( F i g .  6 . 7 )  v a r i e d  n e g l i g i b l y  d u r i n g  t h e  o v e r f i l l ,  
i n  p a r t  b e c a u s e  o f  t h e  s low ra te  o f  f i l l .  When water began i n j e c t i n g  
i n t o  t h e  steam l i n e ,  p r e s s u r e  ( F i g .  6 . 8 )  and f e e d f l o w  t o  t h e  g e n e r a t o r  
( F i g .  6 . 9 )  v a r i e d  s l i g h t l y .  The o v e r f i l l  d i d  n o t  r e su l t  i n  o v e r c o o l i n g  
t h e  p r i m a r y .  

I n  t h e  p r e v i o u s  two o v e r f e e d  s t u d i e s ,  t h e  e r r o r  s i g n a l  was o f  s u c h  s i z e  
t h a t  t h e  SG-A FW v a l v e  d i d  n o t  f a i l  f u l l  open .  I n  t h e  n e x t  case the 
v a l v e  was p o s t u l a t e d  t o  f a i l  f u l l  open i n  1.5 s ,  t h e r e b y  i n i t i a t i n g  
presumably  t h e  maximum r a t e  o f  o v e r f e e d .  G e n e r a t o r  A f i l l e d  t o  the  
50- in .  h i g h - l e v e l  t r i p  i n  2 min ( F i g .  6 .101 ,  a t  which time t h e  r e a c t o r  
and t u r b i n e  t r i p p e d .  The  feed v a l v e  t o  SG-B c l o s e d  and t h e  b y p a s s  v a l v e  
opened  t o  51, c a u s i n g  a small a d d i t i o n a l  f l o w  t o  SG-A ( F i g .  6 . 1 1 ) .  
I m b a l a n c e s  be tween feed f low and steam g e n e r a t i o n  i n  SG-B caused its 
water l e v e l  t o  d r o p  t o  t h e  low-low l e v e l  se t  p o i n t  3 min i n t o  t h e  
o v e r f i l l  ( F i g .  6 . 1 2 ) ,  a t  which time AFW was i n i t i a t e d .  A m i n u t e  l a t e r ,  
as p r e v i o u s l y  s c h e d u l e d  a t  C a l v e r t  C l i f f s - 1 ,  t h e  MFW i s o l a t i o n  v a l v e s  t o  
b o t h  SGs c l o s e d  and o v e r f i l l  was e f f e c t i v e l y  t e r m i n a t e d  ( F i g .  6 . 1 1 ) .  No 
water was i n j e c t e d  i n t o  t h e  steam l i n e .  Minimum a v e r a g e  c o r e  c o o l a n t  
t e m p e r a t u r e  was 530°F ( F i g .  6 .131 ,  minimum pr imary  p r e s s u r e  was 
1750 p s i g  ( F i g .  6 .141 ,  and minimum p r e s s u r i z e r  l e v e l  was 3 f t  
( F i g .  6 . 1 5 ) .  

The f o u r t h  o v e r f e e d  case p o s t u l a t e d  t h a t  t h e  MFW v a l v e  f a i l e d  f u l l  open 
and t h a t  t h e  a s s o c i a t e d  i s o l a t i o n  v a l v e  f a i l e d  t o  close.  A s  i n  t h e  
p r e v i o u s  case,  t h e  r e a c t o r  t r i p p e d  on h i g h  SG l e v e l .  The SG f i l l e d  
c o m p l e t e l y  i n  4.5 min. Because t h e  r e f e r e n c e  p r e s s u r e  t a p  is s e v e r a l  
fee t  below t h e  t o p  o f  t h e  g e n e r a t o r ,  t h e  l e v e l  measurement saturated 
b e f o r e  t h e  SG was f u l l  ( F i g .  6 . 1 6 ) .  The a b r u p t  d r o p  i n  SG o u t l e t  
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F i g .  6 .2 .  SC-A FW flow w i t h  SG-A steam flow r e a d i n g  fa i led  h i g h  
a t  1940 l b / s .  

q u a l i t y  ( F i g .  6.17) i n d i c a t e d  when t h e  SG was a c t u a l l y  f u l l .  S h o r t l y  
thereaf ter ,  l i q u i d  water was i n j e c t e d  i n t o  t h e  steam l i n e  ( F i g .  6 . 1 8 ) .  
Modest o v e r c o o l i n g  a s  a r e s u l t  o f  t h e  o v e r f i l l  is a p p a r e n t  i n  t h e  d r o p  
i n  core t e m p e r a t u r e ,  p r e s s u r e ,  and p r e s s u r i z e r  l e v e l  ( F i g s .  6.19-6.211, 
a l t h o u g h  most  o f  t h e  v a r i a t i o n  is t h e  nominal  r e s u l t  of r e a c t o r  t r i p .  

I n  t h e  f i f t h  o v e r f e e d  case, t h e  MFW v a l v e  t o  SG-A was p o s t u l a t e d  t o  f a i l  
i n  p lace  when t h e  reactor and t u r b i n e  t r i p p e d .  P r i n c i p a l  r e s u l t s  were 
similar t o  t he  t h i r d  case, i n  which t h e  v a l v e  f a i l ed  f u l l  open w i t h o u t  
f a i l u r e  of t h e  i s o l a t i o n  v a l v e .  I n  95 s SG-A f i l l e d  t o  45 i n .  on t h e  
narrow-range scale.  (Read ings  immedia t e ly  f o l l o w i n g  r e a c t o r / t u r b i n e  
t r i p  appea red  t o  be d i s t o r t e d  by d i s t u r b a n c e s  i n  FW and steam flows and 
hence  i n  p r e s s u r e  d i f f e r e n t i a l s . )  The SG-B water l e v e l  dropped t o  t h e  
low-low (wide- range)  l e v e l  t r i p  45 s a f t e r  o n s e t  of t h e  t r a n s i e n t ,  and 
feed i s o l a t i o n  v a l v e s  closed 60 s l a t e r  and t e r m i n a t e d  t h e  o v e r f i l l  
( F i g .  6 .22 ) .  Tempera ture  and  other v a r i a t i o n s  on t h e  p r i m a r y  s i d e  
( F i g .  6 .23)  were s imilar  t o  those  of t h e  t h i r d  case. 

When t h e  p r e v i o u s  case was repeated w i t h  t h e  MFW i s o l a t i o n  v a l v e  A 
f a i l e d  open ,  t h e  feedpumps t r i p p e d  i n  1 .7  min on h i g h  pump o u t l e t  
p r e s s u r e  and t e r m i n a t e d  t h e  o v e r f i l l  a t  45 i n .  b e f o r e  any water c o u l d  be 
i n j e c t e d  i n t o  t h e  steam l i n e .  

The p r e c e d i n g  two cases, which t r i p p e d  FW i s o l a t i o n  v a l v e  B on low-low 
S G  l e v e l ,  were repeated a f t e r  t h e  r e c e n t  C a l v e r t  C l i f f s - 1  d e s i g n  change 
i n  which t h e  FW i s o l a t i o n  v a l v e s  no l o n g e r  a c t u a t e  on  low-low l e v e l .  I n  
t h e  r e r u n  of  f a i l u r e  of  MFW v a l v e  A f u l l  open i n  1 .5  s ,  t h e  r e s u l t s  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  from those w i t h  i s o l a t i o n  v a l v e  c l o s u r e  on  



low-low l e v e l .  SG-A f i l l e d  i n  4.5 min a f te r  o n s e t  of t h e  t r a n s i e n t  and  
2.4 min a f t e r  t h e  r e a c t o r  t r i p p e d  on h i g h  SC water l e v e l  ( F i g .  6 .24 ) .  
Minor c o o l i n g  o f  the p r i m a r y  o c c u r r e d  ( F i g s .  6.25-6.27).  

I n  t h e  second  o f  t he  r e r u n s ,  MFW v a l v e  A f a i l e d  i n  p l a c e  on r e a c t o r  t r i p .  
SG-A f i l l e d  and began  s p i l l i n g  l i q u i d  water i n t o  t h e  steam l i n e  3 min 
a f te r  o n s e t  of the t r a n s i e n t  ( F i g .  6 . 2 8 ) ,  s o o n e r  t h a n  i n  t h e  p r e c e d i n g  
case, because i n  t h e  ear l ie r  o n e  t h e  r e a c t o r  d i d  n o t  t r i p  u n t i l  S G  h i g h  
l e v e l  was reached ( F i g s .  6.29-6.31 1. Minor c o o l i n g  o f  t he  p r i m a r y  
o c c u r r e d  . 
I n  t h e  o r i g i n a l  and r e r u n  cases o f  MFW v a l v e  A f a i l u r e ,  MFW v a l v e  B 
c l o s e d  on  reactor t r i p .  The feedpump runback  r a t e  was such t h a t  pump 
o u t l e t  p r e s s u r e  i n c r e a s e d  s i g n i f i c a n t l y .  When main v a l v e  A f a i l e d  f u l l  
open ,  w i t h  o r  w i t h o u t  i s o l a t i o n  vaLve B c l o s u r e ,  f e e d  flow was a l w a y s  
s u f f i c i e n t  t o  h o l d  pump o u t l e t  p r e s s u r e  below h i g h - p r e s s u r e  t r i p .  When 
main v a l v e  A f a i l e d  i n  p l a c e ,  t he  h i g h - p r e s s u r e  t r i p  was exceeded  i f  
i s o l a t i o n  v a l v e  B f u r t h e r  r e s t r i c t ed  f l o w  by b l o c k i n g  the  bypass  v a l v e .  
Feedwater  r e c i r c u l a t i o n  was i n c l u d e d  i n  t h e  c a l c u l a t i o n s  b u t  i n  some 
cases was n o t  s u f f i c i e n t  t o  p r e v e n t  h i g h - p r e s s u r e  t r i p .  

6 . 1 . 4 , 2  Dryout T r a n s i e n t s .  I n  t h e  f i rs t  d r y o u t  s t u d y  t h e  SG-A steam 
f low r e a d i n g  was f a i l e d  low a t  1110 l b / s .  As i n  t h e  o v e r f e e d  e v e n t  i n  
which t h e  steam f l o w  r e a d i n g  was f a i l e d  h i g h ,  t h e  r e s u l t i n g  water l e v e l  
e r r o r  n u l l i f i e d  t h e  f low e r r o r  a f t e r  -1 min. FW f l o w  decreased -10% and 
t h e n  r e t u r n e d  t o  n e a r  nominal  ( F i g .  6 . 3 2 ) .  Effects on t h e  p r i m a r y  were 
n e g l i g i b l e .  

I n  t h e  second  d r y o u t  case, the  SG-A nar row-range  ( o p e r a t i n g  scale)  water 
l e v e l  r e a d i n g  was f a i l e d  h i g h  a t  10  i n .  above  s e t  p o i n t .  R e a c t o r  t r i p  on 
low l e v e l ,  a l s o  read on t h e  nar row-range  s ca l e ,  was defeated. The S G  
i n v e n t o r y  d e p l e t e d  u n t i l  t h e  low-low l e v e l  s e t  p o i n t ,  read on t h e  wide- 
r a n g e  scale ,  was reached i n  3.7 min ,  a t  which time the  AFW was a c t i v a t e d ,  
and  t h e n  t h e  reactor t r i p p e d .  P r e s s u r e s  and t e m p e r a t u r e s  on t he  p r imary  
s i d e  e x p e r i e n c e d  o n l y  minor v a r i a t i o n s  d u r i n g  t h e  p a r t i a l  d r y o u t .  

The t h i r d  d r y o u t  s t u d y  p o s t u l a t e d  f a i lu re s  of  t h e  second  case p l u s  t h e  
f o l l o w i n g :  s i n c e  t h e  AFW s y s t e m  is t u r n e d  on when t h e  low-low l e v e l  
l i m i t  is r e a c h e d ,  t h i s  case assumed i n  a d d i t i o n  t h a t  t h e  low-low l e v e l  
r e a d i n g  f a i l ed  1 0  i n .  above  se t  p o i n t .  With t h i s  c o m b i n a t i o n  o f  
f a i l u r e s ,  SG-A l e v e l  d e p l e t e d  -335 i n .  d u r i n g  t h e  f irst  10 rnin of t h e  
t r a n s i e n t  and t h e n  s t a b i l i z e d  ( F i g .  6 .331 ,  l a r g e l y  b e c a u s e  of t h e  low 
g a i n  o f  t h e  FW v a l v e  c o n t r o l l e r .  The v a l v e  i n i t i a l l y  closed s h a r p l y  from 
82 t o  71% open i n  r e s p o n s e  t o  t h e  p r o p o r t i o n a l  p a r t  ( F i g s .  6.34 and 6 . 3 5 ) .  
The i n t e g r a l  is small (0 .1  r e p e a t  pe r  m i n ) ,  and  s u b s e q u e n t  c l o s u r e  was s o  
slow t h a t  a f t e r  1 2  min t h e  o p e n i n g  decreased o n l y  t o  60%. P r e s s u r i z e r  
p r e s s u r e  s t a b i l i z e d  a t  2285 p s i a  ( F i g .  6 . 3 6 ) ,  a v e r a g e  c o r e  t e m p e r a t u r e  a t  
578OF ( F i g .  6 .371 ,  and power a t  91% ( F i g .  6 . 3 8 ) .  Simple e x t r a p o l a t i o n  of 
t h e  resu l t s  suggests that  f u r t h e r  s i g n i f i c a n t  d e p l e t i o n  o f  t h e  SG w i l l  be 
l o n g  term, r e q u i r i n g  p e r h a p s  a n  hour .  
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The f o u r t h  d r y o u t  case p o s t u l a t e d  t h a t  t h e  S G - A  MFW v a l v e  f a i l e d  c l o s e d  
i n  -5 s ( F i g .  6 . 3 9 ) ;  v a l v e  leakage was assumed n e g l i g i b l e .  SG-A water 
l e v e l  decreased t o  t h e  l o w - l e v e l  set  p o i n t  22 s la te r  ( F i g s .  6.40 and 
6 .41 )  and t r i p p e d  t h e  r e a c t o r  ( F i g .  6 .42 ) .  I n  a n o t h e r  24 s ,  t h e  low-low 
l e v e l  t r i p  (wide- range  sca le )  was reached and AFW was s ta r ted  ( F i g .  6 .39 ) .  
Dur ing  t h e  f o l l o w i n g  2 min, sys t em v a r i a b l e s  s t a b i l i z e d  ( F i g s .  6.43-6.46).  
The p r i n c i p a l  e f f e c t  of the  p o s t u l a t e d  FW v a l v e  f a i l u r e  appears t o  be t h e  
g r e a t e r  i n i t i a l  r a t e  of i n v e n t o r y  d e p l e t i o n  i n  SG-A. Fo l lowing  r e a c t o r  
t r i p  (which would n o r m a l l y  c l o s e  t he  FW v a l v e )  and  t h e n  emergency 
feedwater (EFW) t r i p ,  t r a n s i e n t  p a r a m e t e r s  a p p e a r e d  t o  conve rge  toward 
t y p i c a l  t r i p  c o n d i t i o n s .  

6 . 1 . 4 . 3  Primary-Side D e p r e s s u r i z a t i o n  T r a n s i e n t s .  I n  t h e  f i rs t  
d e p r e s s u r i z a t i o n  s t u d y ,  bo th  PORVs were p o s t u l a t e d  t o  f a i l  open. T h i s  
c o r r e s p o n d s  t o  a small b r e a k  o f  0.015 f t ’ .  I n  t h e  first 1 . 5  min of t h e  
t r a n s i e n t ,  t h e  p r i m a r y  s i d e  d e p r e s s u r i z e d  t o  1070 p s i a  ( F i g .  6 .47 ) .  The 
r e a c t o r  ( F i g .  6 .48)  and t h e  H P I  sys t em t r i p p e d  a t  t h e i r  r e s p e c t i v e  se t  
p o i n t s  (1875  and 1740 p s i a ) .  F o l l o w i n g  t h e  i n i t i a l  r a p i d  
d e p r e s s u r i z a t i o n ,  t h e  p r e s s u r i z e r  went s o l i d  ( F i g .  6 . 4 9 ) ,  and l o s s  of  
i n v e n t o r y  became ba lanced  by  makeup/HPI a t  7 min. P r i m a r y  p r e s s u r e  
s t a b i l i z e d  a t  -700 p s i a .  A steam b u b b l e  formed i n  t h e  header above t h e  
c o r e ,  and p a r t i a l  v o i d i n g  o c c u r r e d  i n  t h e  c o l l e c t o r s  and t h e  h o t  l e g s .  
The s a t u r a t e d  f l u i d  was s u b c o o l e d  i n  t h e  SG. Void ing  o f  t h e  core d i d  
no t  o c c u r .  A t  t h e  end of 7 min t h e  sys t em a p p e a r e d  t o  have  s t a b i l i z e d  
i n  t h i s  c o n f i g u r a t i o n  ( F i g s .  6.50 and 6 . 5 1 ) .  

I n  t h e  second  d e p r e s s u r i z a t i o n  s t u d y ,  one  PORV was p o s t u l a t e d  t o  f a i l  open. 
The p r imary  d e p r e s s u r i z e d  l e s s  r a p i d l y ,  as e x p e c t e d ,  b u t  -3 min i n t o  t h e  
t r a n s i e n t ,  p r e s s u r e  decreased below t h e  h i g h - p r e s s u r e  pump deadhead and 
i n j e c t i o n  began t o  c o u n t e r  t h e  leak ( F i g .  6 . 5 2 ) .  The p r e s s u r i z e r  went 
s o l i d  i n  5 rnin ( F i g .  6 .53)  and  a v e r a g e  r e a c t o r  c o o l a n t  t e m p e r a t u r e  s l o w l y  
dropped  t o  520°F ( F i g .  6 . 5 4 ) .  Void ing  of t h e  upper  head o c c u r r e d  
( F i g .  6 .55 ) .  Dur ing  t h e  2 rnin b e f o r e  t h e  p r e s s u r i z e r  went s o l i d ,  there  
was v o i d i n g  o f  a few p e r c e n t  i n  t h e  h o t  l e g  of  l o o p  B and i n  t h e  c o n t r o l  
r o d  sh roud  r e g i o n  above t h e  c o r e .  When t h e  p r e s s u r i z e r  went s o l i d  and  
pressure  l e v e l e d  o f f  w i t h  temperature s t i l l  d e c l i n i n g  s l o w l y ,  t h e  hot - leg  
and sh roud  v o i d s  c o l l a p s e d .  The sys t em appeared s t a b l e ,  and no v o i d i n g  o f  
t he  c o r e  o c c u r r e d .  

I n  t h e  t h i r d  d e p r e s s u r i z a t i o n  c a s e ,  a small break o f  0.0015 f t 2  was i n t r o -  
duced i n  the  h o t  l e g  of l o o p  A. T h i s  c o r r e s p o n d e d  t o  a leak o n e  o r d e r  o f  
magni tude  smaller t h a n  t h e  two-PORV f a i l u r e .  The l e a k  was larger t h a n  
t h e  makeup s y s t e m  c o u l d  compensa te  b u t  s u f f i c i e n t l y  small t h a t  p r e s s u r e  
d i d  n o t  d r o p  prompt ly  t o  t h e  h i g h  p r e s s u r e  i n j e c t i o n  p o i n t .  P r i m a r y  
p r e s s u r e  ( F i g .  6 .56 )  and i n v e n t o r y  ( F i g .  6 .57)  d e c l i n e d  g r a d u a l l y  f o r  
20.5 rnin u n t i l  p r e s s u r i z e r  low water l e v e l  t r i p p e d  t h e  hea ters .  The r a t e  
of p r e s s u r e  decreased, t h e n  a p p r o x i m a t e l y  doub led .  Tempera tu re  
v a r i a t i o n s  were minor ( F i g .  6 . 5 8 ) .  After 30.5 min t h e  r e a c t o r  t r i p p e d  on 
low p r e s s u r e  a t  1875 p s i g  ( F i g .  6 .59 ) .  The p r e s s u r i z e r  water l e v e l  was 
2 . 2  f t  and dropped  t o  4 i n .  on r e a c t o r  t r i p .  P r i m a r y  pressure r a p i d l y  
f e l l  below t h e  1275-ps ig  HPI  deadhead, and n e t  l o s s  o f  i n v e n t o r y  was 
t e r m i n a t e d .  J u s t  p r i o r  t o  r e a c t o r  t r i p ,  when t h e  p r e s s u r e  was 1882 p s i a ,  



t h e  l e a k ,  makeup, and H P I  r a tes  were 23.5, 13.4,  and 0 l b / s ,  
r e s p e c t i v e l y .  S h o r t l y  a f t e r  r e a c t o r  t r i p ,  when t h e  p r e s s u r e  was 
1184 p s i a ,  t h e  ra tes  were 16 .1 ,  18.2,  and 50.4 l b / s .  The s h a r p  
d e p r e s s u r i z a t i o n  on  reactor t r i p  c a u s e d  a maximum v o i d i n g  of  25% i n  t h e  
upper  head ( F i g .  6 . 6 0 ) .  No o ther  v o i d i n g  o c c u r r e d  i n  t h e  v e s s e l .  

6 .1 .5  C o n c l u s i o n s  

O v e r f i l l  s t u d i e s  i n d i c a t e  t h a t  t he  p o s t u l a t e d  c o n t r o l  f a i l u r e s  w i l l  
r e s u l t  i n  o n l y  minor v a r i a t i o n s  i n  p r e s s u r e s  and t e m p e r a t u r e s  on  t h e  
p r i m a r y  s i d e .  

I n  t h e  case of f a i l u r e  h i g h  of the steam flow r e a d i n g ,  t h e  r e s u l t i n g  
error i n  S G  water l e v e l  appears t o  c o u n t e r a c t  t h e  f a l se  flow s i g n a l  and 
l a r g e l y  n u l l i f y  t h e  e f fec ts  a f t e r  small  v a r i a t i o n s  i n  feed flow. 

When t h e  S G  water l e v e l  r e a d i n g  f a i l s  low and i n d u c e s  o v e r f i l l  i n  
c o m b i n a t i o n  w i t h  h i g h  l e v e l  t r i p  f a i l u r e ,  t h e  p r i n c i p a l  consequence  
appears t o  be t h e  s i z e a b l e  q u a n t i t y  o f  water i n j e c t e d  i n t o  t h e  steam 
l i n e .  Effects on  t h e  p r i m a r y  s i d e  were small. While t h e  c a l c u l a t i o n  
p r e d i c t s  i n j e c t i o n  o f  water i n t o  t h e  steam l i n e ,  i t  d o e s  n o t  p r e d i c t  t h e  
e x t e n t  ( i f  a n y )  t o  which p h a s e  s e p a r a t i o n  o c c u r s  and water a c c u m u l a t e s  
and loads t h e  p i p e .  

With t h e  p r e v i o u s  C a l v e r t  Cl i f f s -1  d e s i g n  (MFW i s o l a t i o n  on  low-low S G  
water l e v e l ) ,  f a i l u r e  of MFW v a l v e  A f u l l  open or  f a i l u r e  i n  p l a c e  o n  
r e a c t o r  t r i p  f i l l e d  SG-A t o  t h e  45- t o  72-in.  r a n g e ,  a t  which p o i n t  t he  
o v e r f i l l  was t e r m i n a t e d  when low-low l e v e l  i n  SG-B t r i p p e d  t h e  FW 
i s o l a t i o n  v a l v e s .  No water was i n j e c t e d  i n t o  t h e  steam l i n e .  Pr imary  
s i d e  v a r i a t i o n s  were l a r g e l y  t h e  consequence  of reactor  t r i p  ra ther  t h a n  
t h e  modest o v e r f i l l .  I n  o r d e r  t o  c o m p l e t e l y  f i l l  t h e  S G ,  i t  was 
n e c e s s a r y  t o  f u r t h e r  p o s t u l a t e  f a i l u r e  o f  FW i s o l a t i o n  v a l v e  A i n  
c o m b i n a t i o n  w i t h  main  v a l v e  A f a i l i n g  f u l l  open. Then SG-A f i l l e d  i n  
4.5 min, water was pumped i n t o  t h e  steam l i n e ,  and modest c o o l i n g  o f  t h e  
p r i m a r y  o c c u r r e d .  When t h e  main v a l v e  f a i l e d  i n  p l a c e  and t h e  i s o l a t i o n  
v a l v e  f a i l e d  o p e n ,  t h e  feed pumps t r i p p e d  on h i g h  o u t l e t  p r e s s u r e  and  
t e r m i n a t e d  t h e  o v e r f i l l  w i t h o u t  water i n j e c t i o n  i n t o  t h e  steam l i n e .  

With t h e  r e c e n t  d e s i g n  change  a t  C a l v e r t  C l i f f s - 1  ( i s o l a t i o n  v a l v e s  n o t  
a c t u a t e d  on  low-low SG l e v e l ) ,  f a i l u r e  of t h e  SG-A MFW v a l v e  e i ther  f u l l  
open or  i n  place on  reactor t r i p  r e s u l t e d  i n  f i l l i n g  SG-A and s p i l l i n g  
water i n t o  t h e  steam l i n e  i n  3 t o  4.5 min. C o o l i n g  of t h e  p r i m a r y  was 
m i  n o r .  

F a i l u r e  h i g h  of t he  SG-A steam f l o w  r e a d i n g  d i d  n o t  lead t o  d r y o u t ,  
b e c a u s e  of t he  compensa t ing  error s i g n a l  i n  t h e  l e v e l  measurement.  When 
o n l y  t h e  o p e r a t i n g  l e v e l  r e a d i n g  and low l e v e l  t r i p  were f a i l e d ,  d r y o u t  
was t r u n c a t e d  by a c t u a t i o n  o f  a u x i l i a r y  feed a t  t h e  low-low l e v e l  set 
p o i n t  on t h e  wide-range scale .  When both t h e  wide- and nar row-range  
r e a d i n g s  were f a i l e d ,  S C  i n v e n t o r y  d e p l e t e d  f u r t h e r  b u t  d r y o u t  d i d  n o t  
o c c u r  d u r i n g  t h e  f i rs t  12  min b e c a u s e  of the  small g a i n  of t h e  FW v a l v e  
c o n t r o l l e r .  The s y s t e m  s t a b i l i z e d ,  and  i n d i c a t i o n s  were t h a t  t o t a l  
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d r y o u t  would be a s i g n i f i c a n t l y  longe r - r ange  e f f ec t  under  t h e  p o s t u l a t e d  
f a i l u r e s .  When mechan ica l  or other  f a i l u r e  caused  MFW v a l v e  A t o  c l o s e  
i n  a few s e c o n d s ,  r e a c t o r  t r i p  on low l e v e l  and EFW t r i p  on low-low 
l e v e l  o c c u r r e d  w i t h i n  a minu te ,  t r u n c a t i n g  d r y o u t  and e s t a b l i s h i n g  
c o n d i t i o n s  t y p i c a l  of t r i p .  

F a i l u r e  of b o t h  P O R V s  open d e p r e s s u r i z e d  the  p r imary  s ide  t o  -700 p s i a ,  
a t  which p o i n t  H P I  e q u i l i b r a t e d  w i t h  t h e  leak. Void ing  o c c u r r e d  above  
b u t  n o t  i n  t h e  c o r e .  F a i l u r e  o f  one PORV open i n i t i a t e d  H P I  -3 min i n t o  
t h e  t r a n s i e n t ,  and p r imary  p r e s s u r e  bot tomed o u t  n e a r  950 p s i g .  No 
v o i d i n g  o f  t h e  core o c c u r r e d .  The t r a n s i e n t  was e s s e n t i a l l y  a m i l d e r  
v e r s i o n  of  t h e  two-PORV-failure case. A leak a n  order  of  magni tude  
smaller i n  t h e  h o t  l e g  ( l a r g e r  t h a n  t h e  makeup c o u l d  compensa te  b u t  
small enough t o  p roduce  s low d e p r e s s u r i z a t i o n )  caused  t h e  p r e s s u r i z e r  
water l e v e l  t o  d r o p  t o  2 .2  f t  b e f o r e  t h e  reactor t r i p p e d  on  low p r e s s u r e  
a f te r  30 min. The r a p i d  d r o p  i n  p r e s s u r e  on  reactor t r i p  i n i t i a t e d  HPI 
and t e r m i n a t e d  n e t  i n v e n t o r y  loss .  Minimum p r e s s u r i z e r  water l e v e l  was 
-4 i n . ,  and some v o i d i n g  o c c u r r e d  i n  t h e  upper  head. These d e p r e s s u r -  
i z a t i o n  c a l c u l a t i o n s ,  s i m u l a t i n g  small-break LOCAs i n  t h e  r a n g e  0.0015 
t o  0 .015  f t 2 ,  do n o t  e v i d e n c e  a c r i t i c a l  s i z e  b r e a k  i n  which t h e  p r imary  
i n v e n t o r y  would d e p l e t e  t o  t h e  e x t e n t  of core uncovery  b e f o r e  a c t u a t i n g  
H P I .  

6 .2  MODULAR MODELING OF CALVERT CLIFFS 

6.2.1 S i m u l a t o r  D e s c r i p t i o n  

The Modular Model ing System (MMS) s i m u l a t i o n  of C a l v e r t  C l i f f s - 1  was 
deve loped  t o  s e r v e  as a backup f o r  t h e  RETRAN model. The o r i g i n a l  p l a n  
f o r  s i m u l a t o r  fo l low-up on  FMEA-ident i f ied s e q u e n c e s  was t o  u s e  t h e  BG&E 
t r a i n i n g  s i m u l a t o r .  A s  i t  became e v i d e n t  t h a t  t h e  t r a i n i n g  s i m u l a t o r  
would n o t  be a v a i l a b l e  i n  time t o  produce  r e s u l t s  t h a t  c o u l d  be i n c l u d e d  
i n  t h e  SICS a n a l y s i s ,  and s i n c e  t h e  estimates f o r  mod i fy ing  and r u n n i n g  
t h e  R E T R A N  program s u p p l i e d  by BG&E had a l s o  i n d i c a t e d  t h a t  t h e  r e q u i r e d  
s i m u l a t i o n  c a p a b i l i t y  might n o t  be a v a i l a b l e  i n  t ime, t h e  "B&W Enhanced 
MMS" package  was a c q u i r e d  from B&W. Due t o  t h e  q u i c k  s e t u p  and  
r e l a t i v e l y  e f f i c i e n t  s i m u l a t i o n  f e a t u r e s  o f  M M S ,  i t  is a l so  e x p e c t e d  
t h a t  M M S  c o u l d  be used  t o  i n v e s t i g a t e  t h e  dynamic behav io r  of o t h e r  PWRs 
w i t h  somewhat d i f f e r e n t  d e s i g n s  i n  order  t o  bet ter  e v a l u a t e  t h e  g e n e r i c  
i m p l i c a t i o n  of some of t h e  s e q u e n c e s  i d e n t i f i e d .  

M M S  was o r i g i n a l l y  deve loped  by t h e  E l e c t r i c  Power Research I n s t i t u t e  
( E P R I )  and  i ts  s u b c o n t r a c t o r s  t o  supplement  t h e  c a p a b i l i t y  of l a r g e r  
s y s t e m s  a n a l y s i s  codes s u c h  as RELAP and  R E T R A N .  The key f e a t u r e  of MMS 
is  i ts  m o d u l a r i t y ,  p e r m i t t i n g  t h e  s y s t e m s  a n a l y s t  t o  b u i l d  a s y s t e m  
s i m u l a t i o n  from a comple t e  se t  of more t h a n  60 i n d e p e n d e n t l y  d e v e l o p e d ,  
preprogrammed models of  both n u c l e a r  and  f o s s i l  power p l a n t  components. 
The  u s e r  is o f t e n  ab le  t o  choose t h e  l e v e l  of c o m p l e x i t y  of t h e  
component model t o  be u s e d ,  depend ing  on  t h e  immediate n e e d s  of t h e  
s i m u l a t i o n .  For example ,  there are th ree  v e r s i o n s  of PWR c o r e  modules  
c o v e r i n g  a wide r a n g e  of  complex i ty .  There is a l s o  a p re -  and 



190 

p o s t - p r o c e s s o r  program (MMS-EASE+) , o p e r a t i n g  on I B M  or c o m p a t i b l e  
p e r s o n a l  c o m p u t e r s ,  t h a t  g r e a t l y  eases program s e t u p  v i a  g r a p h i c s  
d i s p l a y s  and p r e s e t  da ta  i n p u t  s h e e t s .  The p r imary  areas of i n t e r e s t  
f o r  M M S  a p p l i c a t i o n s  are  s c o p i n g  s a f e t y  a n a l y s e s  f o r  p o s t u l a t e d  a c c i d e n t  
s e q u e n c e s  up t o  and i n c l u d i n g  small-break L O C A s  ( b u t  n o t  l a r g e - b r e a k  
L O C A s ) ,  and  a n a l y s i s  of u p s e t  t r a n s i e n t s  c o n s i d e r i n g  t h e  b e h a v i o r  of t h e  
p l a n t  c o n t r o l  a n d  s a f e t y  s y s t e m s .  The B&W v e r s i o n  o f  M M S  a p p l i e d  here 
has  been enhanced  c o n s i d e r a b l y  i n  t h e  p a s t  few y e a r s ,  and most of t h e  
M M S  modules  have  undergone  tho rough  checkou t  and v e r i f i c a t i o n  a g a i n s t  
e x p e r i m e n t a l  data.  The B&W Enhanced MMS is a p r e p r o c e s s o r  f o r  t h e  
g e n e r a l - p u r p o s e  dynamic s i m u l a t i o n  l a n g u a g e  ACSL. 

The model of t h e  p r imary  s y s t e m  c o n s i s t s  o f  a r e a c t o r  core t h e r m a l  
h y d r a u l i c s  module w i t h  p o i n t  n e u t r o n  k i n e t i c s ,  and two reactor  c o o l a n t  
l o o p s .  The two reactor c o o l a n t  pumps i n  each l o o p  a re  combined i n t o  one  
e q u i v a l e n t  pump. The p r e s s u r i z e r  and  s u r g e  j u n c t i o n  modules  can  
r e p r e s e n t  n o n e q u i l i b r i u m  c o n d i t i o n s ,  c o n s i d e r  d r o p l e t  r a i n o u t  and b u b b l e  
r i se ,  and  a c c o u n t  f o r  b i d i r e c t i o n a l  f low from t h e  p r imary  l o o p .  The 
mode l ing  a l lows t h e  p r e s s u r i z e r  t o  e i ther  go f u l l  or d r y  o u t ,  and  
i n c l u d e s  " i n p u t f t  c o n n e c t i o n s  f o r  t h e  s p r a y  l i n e ,  e l e c t r i c  heaters ,  and 
r e l i e f  v a l v e s .  The s a f e t y  i n j e c t i o n  s y s t e m s  are  a l s o  i n c l u d e d .  The 
models f o r  each of  t h e  two UTSGs s i m u l a t e  t h e  mass and e n e r g y  dynamics  
i n  t h e  p r i m a r y  ( f o u r  r e g i o n s )  and  t h e  s e c o n d a r y  ( f i v e  r e g i o n s ,  moving 
b o u n d a r y ) ,  u t i l i z i n g  t h e  d r i f t  f l u x  f o r m u l a t i o n  f o r  v o i d  f r a c t i o n  i n  t h e  
s e c o n d a r y .  The conservation-of-momentum e q u a t i o n s  are  a l s o  s o l v e d  f o r  
t h e  downcomer t o  s u b c o o l e d  r e g i o n  f l o w  and  t h e  f low l e a v i n g  t h e  
s e p a r a t o r s .  A similar M M S  model h a s  been v e r i f i e d  a g a i n s t  p l a n t  data  
from a n  ANO-2 t u r b i n e  t r i p  e v e n t ,  and c o r r e s p o n d e n c e  between t h e  da ta  
and t h e  p r e d i c t i o n s  was e x c e l l e n t .  ANO-2 is a C-E p l a n t  s imilar  t o  
C a l v e r t  C l i f f s - 1 .  

The MFW t r a i n  model u s e s  t h e  condense r  sump as  a boundary c o n d i t i o n  
( k e e p i n g  t r ack  of t h e  i n v e n t o r y ) ,  c o n t i n u i n g  downstream w i t h  modules  
r e p r e s e n t i n g  t h e  p l a n t  heat dump, two s t a g e s  of low-pres su re  c o n d e n s a t e  
heaters ( L P C H s ) ,  c o n d e n s a t e  booster pumps, two more stages of LPCHs, 
MFW pumps, one  s t a g e  o f  h i g h - p r e s s u r e  FW h e a t e r s ,  and  two S G  i n l e t  
l i n e s ,  each w i t h  independen t  c o n t r o l  and  i s o l a t i o n  v a l v e s .  

The AFW s y s t e m  model u s e s  water from the  c u r r e n t l y  selected t a n k  of 
t h r e e  c o n d e n s a t e  s torage t a n k s  as  i t s  i n p u t  boundary  c o n d i t i o n ,  k e e p i n g  
t r a c k  o f  t he  i n t e g r a t e d  water flow t o  mon i to r  t h e  i n v e n t o r y  i n  a l l  of  
t h e  t a n k s .  The two t u r b i n e - d r i v e n  and  one  moto r -d r iven  AFW pumps are 
modeled e x p l i c i t l y .  Downstream of t h e  pumps, t h e  f o u r  associated 
c o n t r o l  v a l v e s  and  c r o s s - c o n n e c t  l i n e s  t h a t  e n a b l e  f l o w  s h a r i n g  between 
t h e  two SGs are  i n c l u d e d  w i t h  t h e i r  associated c o n t r o l s .  Each of t h e  
two AFW l i n e s  feed i n  t o  t h e  MFW l i n e s  v i a  check  v a l v e s .  

The c u r r e n t  v e r s i o n  of t h e  model o f  t h e  main  steam and steam bypass  
s y s t e m  assumes  t h a t  t h e  steam flow t o  t h e  main t u r b i n e s  is c o n s t a n t  
u n t i l  t h e r e  is a t u r b i n e  t r i p  ( i . e . ,  t h e  h igh -  and  low-pres su re  t u r b i n e s  
are n o t  y e t  modeled e x p l i c i t l y ) .  T h i s  is b e c a u s e  most of t h e  t r a n s i e n t s  
c u r r e n t l y  c o n s i d e r e d  t o  be of most i n t e r e s t  do n o t  r e q u i r e  t u r b i n e  p l a n t  
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d e t a i l s  ( a l t h o u g h  these  modules  are a v a i l a b l e  i n  MMS). For  each o f  t h e  
two SG steam l i n e s ,  t h e  model i n c l u d e s  t h e  f l o w - r e s t r i c t i n g  o r i f i c e  and 
t h e  a t m o s p h e r i c  dump v a l v e ,  t he  main steam i s o l a t i o n  v a l v e s ,  and  f o u r  
banks of  s a f e t y  r e l i e f  v a l v e s .  The h i g h - p r e s s u r e  t u r b i n e  heade r  
combines t h e s e  two l i n e s  and goes  t o  t h e  f o u r  t u r b i n e - g o v e r n i n g  v a l v e s  
( w i t h  t h e i r  a s s o c i a t e d  c o n t r o l l e r s )  or dumps t o  a condense r  v i a  f o u r  
t u r b i n e  bypass  v a l v e s .  The models  f o r  t h e  main steam p i p i n g  (as  well as 
a l l  o t h e r  p i p i n g )  a c c o u n t  f o r  c o n s e r v a t i o n  of mass, e n e r g y ,  and 
momentum, and  f o r  v a r i a b l e  steam p r o p e r t i e s .  

C o n t r o l  s y s t e m s  c u r r e n t l y  i n  t h e  MMS model i n c l u d e  a l e v e l  c o n t r o l l e r  
f o r  each S G ,  a cont ro l  sys t em f o r  t h e  p r e s s u r i z e r ,  and v a r i o u s  t r i p s  t o  
s h u t  down pumps. The l e v e l  i n  t h e  S G  downcomer is c o n t r o l l e d  t o  a s e t -  
p o i n t  v a l u e  by modu la t ing  t h e  FW c o n t r o l  v a l v e .  The v a l v e  c o n t r o l  
s i g n a l  u s e s  a n  e r r o r  s i g n a l  of t h e  downcomer l e v e l  d e v i a t i o n  from set  
p o i n t  a l o n g  w i t h  t he  d i f f e r e n c e  between FW f low and steam flow. I n  
a d d i t i o n ,  MFW pump s p e e d  is c o n t r o l l e d  t o  m a i n t a i n  a p r e s s u r e  d i f f e r e n c e  
o f  105 p s i d  across t h e  c o n t r o l  v a l v e s .  A c o n d e n s a t e  pump t r i p  o c c u r s  if 
t h e  l e v e l  i n  t h e  condense r  h o t  well is below a minimum v a l u e .  L i k e w i s e ,  
a low s u c t i o n  p r e s s u r e  t r i p  is i n c l u d e d  f o r  t h e  c o n d e n s a t e  booster 
pumps, and a bypass  v a l v e  is  i n c l u d e d  t o  m a i n t a i n  a minimum f l o w  t h r o u g h  
t h e  pumps. A c o n d e n s a t e  l e v e l  c o n t r o l  v a l v e  is used  t o  m a i n t a i n  l e v e l  
i n  t h e  h o t  wel l .  The p r e s s u r i z e r  p r e s s u r e  c o n t r o l  sys t em model c o n s i s t s  
of  a s p r a y  v a l v e ,  a v e n t  v a l v e ,  heaters ,  and a blowdown v a l v e .  The 
s p r a y  and v e n t  v a l v e s  are  a c t i v a t e d  by a h i g h - p r e s s u r e  s i g n a l ,  and  t h e  
h e a t e r s  are a c t i v a t e d  by low p r e s s u r e .  The p r imary  l e tdown  v a l v e  is 
modula ted  t o  m a i n t a i n  a f i x e d  l e v e l  i n  t h e  p r e s s u r i z e r  s i n c e  t h e  makeup 
f l o w  is c o n s t a n t .  R e a c t o r  power is  c o n t r o l l e d  manual ly  by chang ing  t h e  
c o n c e n t r a t i o n  of boron i n  t h e  p r imary  c o o l a n t ,  and  t u r b i n e  steam f l o w  is 
c o n t r o l l e d  manua l ly  by modu la t ing  t h e  t u r b i n e - g o v e r n i n g  v a l v e s .  

6 . 2 . 2  S i m u l a t o r  R e s u l t s  

Al though s u c c e s s f u l  imp lemen ta t ion  o f  t h e  RETRAN model made M M S  backup 
u n n e c e s s a r y ,  v a l i d a t i n g  t r a n s i e n t s  were p lanned  f o r  s i m u l a t i o n  on  M M S .  
These c o n s i s t  o f  t h e  s e v e r a l  p o s t u l a t e d  s c e n a r i o s  f o r  SG o v e r f i l l .  (The 
c u r r e n t  model ing  s e t u p  f o r  C a l v e r t  C l i f f s  does n o t  i n c l u d e  two-phase 
p r imary  c o n d i t i o n s ,  so  any  f u t u r e  w o r k  on smal l -break  LOCA s c e n a r i o s  
would have  t o  be done w i t h  a r e v i s e d  m o d e l . )  R e s u l t s  o f  SICS t r a n s i e n t s  
were n o t  a v a i l a b l e  i n  time t o  be i n c l u d e d  i n  t h i s  r e p o r t .  

The c u r r e n t  s t a t u s  o f  M M S  s i m u l a t i o n  o f  t h e  C a l v e r t  C l i f f s - 1  p l a n t  is  
( 1 )  models  of t h e  p r imary  s y s t e m ,  MFW t r a i n ,  AFW t r a i n ,  main and t u r b i n e  
bypass  steam s y s t e m s ,  and  a s s o c i a t e d  c o n t r o l  and  s a f e t y  s y s t e m s  have 
been deve loped  and coded i n  t h e  MMS/ACSL s i m u l a t i o n  l a n g u a g e ;  ( 2 )  t h e  
p r i m a r y  s y s t e m  model is o p e r a t i o n a l ,  and s e v e r a l  sample  t r a n s i e n t s  have  
been e x e c u t e d ;  and ( 3 )  debugging  of t h e  o t h e r  i n d i v i d u a l  subsys tem 
s t a n d - a l o n e  models  is c o n t i n u i n g .  Because  t h e  R E T R A N  approach  became 
o p e r a t i o n a l  f i r s t ,  MMS r e s u l t s  do n o t  a p p e a r  i n  t h i s  r e p o r t .  
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F i g .  6 .25 .  Average core c o o l a n t  F i g ,  6 .26.  P r e s s u r i z e r  p r e s s u r e  
t e m p e r a t u r e  w i t h  S P A  MFW v a l v e  
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F i g .  6.33. SG-A measured water 
l e v e l  w i t h  SG-A measured l e v e l  
f a i l e d  10 i n .  above  s e t  p o i n t  and 
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7. RESULTS A N D  CONCLUSIONS 

The major a c t i v i t y  r e p o r t e d  here is t h e  FMEA s t u d y  i n  which a l l  p l a n t  
sys t ems  d e s i g n a t e d  as b e i n g  p e r t i n e n t  t o  SICS were s y s t e m a t i c a l l y  
s c r e e n e d .  By means o f  FMEA t e c h n i q u e s ,  t h e  p o t e n t i a l l y  s i g n i f i c a n t  
s c e n a r i o s  were i d e n t i f i e d .  A summary of t h e  most s i g n i f i c a n t  SICS 
a c c i d e n t  s e q u e n c e s  is g i v e n  i n  Sect. 4.3. Augmented FMEAs--the thermal 
h y d r a u l i c  a n a l y s i s  s i m u l a t i o n s  t h a t  p r o v i d e  more d e t a i l s  of  t h e  s c e n a r i o s  
of p a r t i c u l a r  i n t e r e s t - - w e r e  r u n  fo r  s e v e r a l  of these cases and a re  
repor ted  i n  Sect .  6. 

S e v e r a l  c o n t r o l  sys t em f a i l u r e s  were i d e n t i f i e d  t h a t  lead t o  s e q u e n c e s  
wor th  p u r s u i n g .  O f  t h e s e ,  two t y p e s  of p o s t u l a t e d  a c c i d e n t  s e q u e n c e s  
were found t o  be p o t e n t i a l l y  s i g n i f i c a n t ,  and  s e v e r a l  o t h e r s  s h o u l d  a t  
l ea s t  b e  n o t e d .  

The f i r s t  major  t y p e  of sequence  o f  c o n c e r n  dea l s  w i t h  S G  o v e r f i l l ,  w i t h  
two s c e n a r i o s  b e i n g  of p a r t i c u l a r  i n t e r e s t .  I n  t h e  f i r s t ,  i t  is assumed 
t h a t  a MFW c o n t r o l  v a l v e  f a i l s  t o  t h e  f u l l y  open p o s i t i o n  whi le  t h e  
r e a c t o r  is a t  power,  and t h e  e x c e s s  feed r a t e  c a u s e s  t h e  l e v e l  i n  t h a t  
SG t o  r ise  ( t h e  r a t e  of rise depending  on t h e  e x c e s s  feed r a t e  a v a i l a b l e ) .  
T y p i c a l l y ,  more e x c e s s  feed r a t e  is a v a i l a b l e  a t  lower powers. There 
would n o r m a l l y  be an  a n n u n c i a t o r  alarm when t h e  downcomer l e v e l  s i g n a l  
reaches 20 i n .  above  t h e  s e t  p o i n t  a n d ,  w i t h  no s u b s e q u e n t  o p e r a t o r  
i n t e r v e n t i o n ,  a t u r b i n e  and r e a c t o r  t r i p  when the  l e v e l  reaches 50 i n .  
above  t h e  se t  p o i n t .  Upon t u r b i n e  t r i p ,  no rma l ly  t h e  t r i p  s e t  c o n t r o l l e r  
r u n s  b a c k  MFW flows t o  5%, c o r r e s p o n d i n g  t o  a p p r o x i m a t e l y  t he  i n i t i a l  
s t e a m i n g  r a t e  e x p e c t e d  due  t o  a f te rhea t  f o l l o w i n g  100% power o p e r a t i o n .  
An a d d i t i o n a l  c o n t r o l  i n t e r l o c k ,  which g rounds  t he  MFW f low v a l v e  
c o n t r o l l e r s '  o u t p u t s  on h i g h  l e v e l  t r i p  s i g n a l ,  would r e d u c e  FW f low even  
i f  t h e  t r i p  s e t  c o n t r o l l e r  f a i l e d .  Except  f o r  t h e  n e c e s s a r y  trim c o n t r o l  
t o  match t h e  feed f low t o  t h e  s t e a m i n g  r a t e  (e i ther  MFW v i a  t h e  bypass  
v a l v e  or AFW flow i f  MFW is n o t  a v a i l a b l e ) ,  t h e  o v e r f i l l  t r a n s i e n t  would 
b e  s u c c e s s f u l l y  t e r m i n a t e d .  However, i f  t h e  MFW v a l v e  c o n t r o l  f a i l u r e  is 
downstream of t h e  c o n t r o l l e r ,  such  a s  a f a i l u r e  i n  t h e  c u r r e n t - t o -  
pneumat ic  c o n v e r t e r  o r  a mechan ica l  f a i l u r e  i n  t h e  v a l v e  o r  i t s  o p e r a t o r ,  
t h e  h i g h  MFW f low r a t e  would c o n t i n u e ,  w i t h  t h e  s t e a m i n g  r a t e  
c o r r e s p o n d i n g  t o  t h e  af terheat  r a t e .  T h i s  much greater imbalance  would 
r e s u l t  i n  a more r a p i d  c o n t i n u a t i o n  of t h e  o v e r f i l l ,  which would t h e n  
r e q u i r e  prompt t e r m i n a t i o n  by t h e  o p e r a t o r .  

A second o v e r f i l l  s c e n a r i o  of  more conce rn  t h a n  t h e  f i r s t  assumes t h a t  
t h e  r e a c t o r  is r u n n i n g  a t  f u l l  power and is scrammed due  t o  some problem 
u n r e l a t e d  t o  o v e r f i l l  m a l f u n c t i o n s .  I f  i n  t h i s  case a MFW v a l v e  s t u c k  i n  
its n e a r l y  f u l l  open p o s i t i o n  ( i . e . ,  i t  d i d  n o t  r e s p o n d  t o  t h e  flow 
runback  command), t h e  o v e r f i l l  would p roceed  r a p i d l y  and  would a g a i n  need 
t o  be t e r m i n a t e d  by t i m e l y  o p e r a t o r  i n t e r v e n t i o n .  Depending on  t h e  
d e t a i l s  of t h e  c i r c u m s t a n c e s ,  t h e  MFW pump may be t r i p p e d  a u t o m a t i c a l l y  
on  low s u c t i o n  p r e s s u r e ,  or t h e  SG may be i so l a t ed  due  t o  h i g h  
d i f f e r e n t i a l  p r e s s u r e  between S G s ;  however ,  w i t h  c u r r e n t  p l a n t  d e s i g n s  
and se t  p o i n t s  s u c h  a u t o m a t i c  t e r m i n a t i o n s  c a n n o t  be a s s u r e d .  T h i s  
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second  s c e n a r i o  is o f  more i n t e r e s t  t h a n  t h e  f i r s t  b e c a u s e  ( 1 )  i t  
i n v o l v e s  o n l y  one  p o s s i b l y  u n d e t e c t e d  f a i l u r e  ( a  s t u c k  v a l v e ) ,  and 
( 2 )  t h e  o p e r a t o r  may be more l i k e l y  t o  be d i s t rac ted  from a c t i n g  on t h e  
o v e r f e e d  problem by the  alarms from t h e  u n r e l a t e d  scram. I t  s h o u l d  be 
n o t e d  t h a t  a t r i p  p l u s  a s t u c k  FW v a l v e  s c e n a r i o  d i d  o c c u r  a t  C a l v e r t  
C l i f f s - 2  i n  Oc tobe r  1983 ( see  Sect. 3 . 2 . 4 . 3 )  and was s u c c e s s f u l l y  
t e r m i n a t e d  by prompt o p e r a t o r  a c t i o n .  

The major  c o n c e r n  abou t  S G  o v e r f i l l s  i s ,  o f  c o u r s e ,  the  i n j e c t i o n  o f  
water i n t o  t h e  steam l i n e .  There i s  c o n c e r n  f o r  b o t h  t h e  h i g h - v e l o c i t y  
and l o w - v e l o c i t y  i n j e c t i o n  s c e n a r i o s .  E s p e c i a l l y  i n  t h e  h i g h - v e l o c i t y  
cases, t h e  momentum t r a n s f e r  from t h e  l i q u i d  t o  t h e  steam l i n e  c o u l d  
induce  mot ion  of t h e  steam l i n e  a g a i n s t  i ts  s u p p o r t s ,  which i n  t u r n  might  
lead t o  f a i l u r e  o f  s u p p o r t s  and p o s s i b l e  d e f o r m a t i o n  or c o l l a p s e  and 
r u p t u r e  o f  t h e  steam l i n e  i t s e l f .  I n  t h e  l o w - v e l o c i t y  case, t h e  v i s c o u s  
shear f o r c e s  are  less l i k e l y  t o  e n t r a i n  t h e  l i q u i d  and c a r r y  i t  o u t  t h e  
end o f  t he  p i p e ,  t h e r e f o r e  a l l o w i n g  more l i q u i d  t o  c o l l e c t  i n  t h e  lower  
p o r t i o n s  o f  t h e  l i n e s .  I n  e i ther  case, o r  i n  cases t h a t  f a l l  i n  be tween,  
t h e  amount o f  ac tua l  damage t o  the  steam l i n e  and  its a s s o c i a t e d  v a l v e s  
is n o t  r e a d i l y  p r e d i c t a b l e .  The steam l i n e s  are d e s i g n e d  t o  w i t h s t a n d  
seismic and deadwe igh t  l o a d s  b u t  a r e  n o t  q u a l i f i e d  t o  w i t h s t a n d  s e v e r e  
dynamics l o a d s  due t o  waterhammer. 

A fo l low-up  s e q u e n c e  t o  t h e  steam l i n e  f a i l u r e  t h a t  is also o f  c o n c e r n  is 
a SG t u b e  r u p t u r e  t h a t  may be p r e c i p i t a t e d  by i t .  Such a t u b e  r u p t u r e  
would p r o v i d e  a p a t h  f o r  f i s s i o n  p r o d u c t s  i n  t h e  p r i m a r y  s y s t e m  t o  be  
released o u t s i d e  t he  c o n t a i n m e n t .  I n  U-tube SGs s u c h  as  C a l v e r t  C l i f f s ,  
however,  t h e  p r o b a b i l i t y  of a steam l i n e  break c a u s i n g  t u b e  r u p t u r e s  is 
g e n e r a l l y  c o n s i d e r e d  t o  be lower  t h a n  f o r  once - th rough  SGs. 

The second  major  s e q u e n c e  o f  c o n c e r n  r e l a t e s  t o  v e r y  small-break L O C A s ,  
which can  be i n i t i a t e d  e i t h e r  by p i p e  breaks o r  by c o n t r o l  system 
m a l f u n c t i o n s .  The s i g n i f i c a n c e  of t h i s  s e q u e n c e ,  which is pecul ia r  t o  
t h i s  t y p e  of C-E p l a n t ,  is based on t h e  f ac t  t h a t  t h e  high p r e s s u r e  
s a f e t y  i n j e c t i o n  ( H P S I )  sys t em pumps can  d e l i v e r  c o o l a n t  a t  a head o f  no 
more t h a n  1275 p s i ,  and t h a t  c o n s e q u e n t l y  there  may be s i t u a t i o n s  i n  
which t h e  p r i m a r y  s y s t e m  p r e s s u r e  s t a y s  t o o  h i g h  f o r  t h e  HPSI  sys t em t o  
i n j e c t  water. The normal p l a n t  makeup s y s t e m  c a n  i n j e c t  132 gpm i n t o  
t h e  p r i m a r y  l o o p  independen t  o f  s y s t e m  pressure b e c a u s e  i t  employs 
p o s i t i v e  d i s p l a c e m e n t  pumps. The FSAR a n a l y s e s  have  i n d i c a t e d  t h a t  
e q u i v a l e n t  break o r  leak  s i z e s  down t o  0.1 f t 2  can  be d e a l t  w i t h  
s a t i s f a c t o r i l y  by  t h e  s a f e t y  s y s t e m .  Our i n i t i a l  c o n c e r n  was t h a t  
between a leak  s i z e  c o r r e s p o n d i n g  t o  132 gpm and a l e a k  s i z e  of 0.1 f t ' ,  
there  may be a r a n g e  o f  l eak  s i z e s  l a r g e  enough t o  r e d u c e  t h e  p r imary  
sys t em i n v e n t o r y  s i g n i f i c a n t l y ,  y e t  t o o  small f o r  t h e  s y s t e m  t o  
d e p r e s s u r i z e  r a p i d l y  enough f rom t h e  normal o p e r a t i n g  p r e s s u r e  o f  
2250 p s i  f o r  t h e  HPSI  t o  d e l i v e r  an  a d e q u a t e  f low r a t e .  (The h o l e  
e q u i v a l e n t  t o  a 132-gpm leak is 100 t o  200 times smaller t h a n  t h e  
0.1 f t 2  h o l e . )  Reduc t ion  of p r i m a r y  i n v e n t o r y  t o  t he  p o i n t  where 
n a t u r a l  c i r c u l a t i o n  c o o l i n g  c a n n o t  be m a i n t a i n e d  would e l i m i n a t e  t h e  
o p t i o n  of f u r t h e r  cooldown ( a n d  t h u s  p r i m a r y  s y s t e m  d e p r e s s u r i z a t i o n )  
u s i n g  t h e  S G s .  Without  p r o p e r  o p e r a t o r  d i a g n o s i s  and c o r r e c t i v e  a c t i o n ,  
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f u r t h e r  r e d u c t i o n s  i n  i n v e n t o r y  t o  t he  p o i n t  a t  which t h e  c o r e  is no 
l o n g e r  cove red  w i t h  a two-phase m i x t u r e  would lead t o  c o r e  damage. 
S u b s e q u e n t l y ,  t h e  resul ts  o f  t h e  ORNL RETRAN a n a l y s e s  (Sect.  6 . 1 )  and a 
p r o p r i e t a r y  C-E s t u d y  ca l led  t o  o u r  a t t e n t i o n  by BC&E have  i n d i c a t e d  
t h a t  t h i s  s c e n a r i o  is of much less  c o n c e r n .  Both s t u d i e s  have a n a l y z e d  
a wide  r a n g e  o f  h o l e  s izes ,  and i n  no c a s e  was c o r e  uncovery p r e d i c t e d .  
I n  t h e  R E T R A N  c a l c u l a t i o n s  of t h e  smaller p o s t u l a t e d  b reak  s i z e  e v e n t  
(Sect. 6 . 1 . 6 ) ,  a r e a c t o r  t r i p  on low p r imary  p r e s s u r e  e v e n t u a l l y  r educed  
t h e  p r e s s u r e  t o  t h e  p o i n t  where t h e  HPSI system i n j e c t e d  water i n t o  t h e  
p r imary  s y s t e m .  The o n l y  r e m a i n i n g  conce rn  would be t h a t  a l o n g e r  term 
(and t h u s  lower  p r o b a b i l i t y )  h e a t u p  f o l l o w i n g  t h e  t r i p  would 
r e p r e s s u r i z e  t h e  s y s t e m .  I f  a c r i t i c a l  r a n g e  o f  h o l e  s i z e s  does  i n  f a c t  
e x i s t ,  i t  r e p r e s e n t s  o n l y  a small p o r t i o n  o f  t h e  c r e d i b l e  r a n g e  of  
l eaks .  The p r o b a b i l i t y  o f  o c c u r r e n c e  is t h e r e f o r e  s m a l l ,  t h u s  
s i g n i f i c a n t l y  r e d u c i n g  t h e  p r o b a b i l i t y  o f  c o r e  damage. Another 
m i t i g a t i n g  f a c t o r  is t h e  l o n g  time ( u p  t o  an  hour  o r  more) a v a i l a b l e  t o  
t he  o p e r a t o r s  t o  d i a g n o s e  and c o r r e c t  t h e  problem. However, i t  is o u r  
o p i n i o n  t h a t  t h e  c u r r e n t  emergency o p e r a t i n g  p r o c e d u r e s  f o r  L O C A s  do n o t  
a d e q u a t e l y  c o v e r  t h i s  s i t u a t i o n .  

The FMEAs uncovered  two o t h e r  areas which a re  o f  less  conce rn  b u t  which 
we f e l t  s h o u l d  s t i l l  be n o t e d :  

A t u r b i n e  t r i p  s i g n a l  is g e n e r a t e d  by two-out -of - four  S G  h i g h  l e v e l  
s i g n a l s .  The l o g i c  d iagram shows t h a t  t h e  two-out -of - four  l o g i c  
c o n d i t i o n  f u n n e l s  u l t i m a t e l y  i n t o  a s i n g l e  e q u i v a l e n t  OR I tgateft  
whose f a i l u r e  c o u l d  defeat t h e  t r i p  on t h i s  p a r a m e t e r .  (The OR 
gate a c t u a l l y  c o n s i s t s  o f  m u l t i p l e  i ndependen t  components,  b u t  i t  
d r i v e s  a s i n g l e  r e l a y . )  I t  is p o s s i b l e ,  however,  t h a t  s u c h  an  
o v e r f i l l  would have o t h e r  dynamic consequences  t h a t  would lead  t o  a 
t u r b i n e  t r i p  by a n o t h e r  p a t h ;  and 

2. Apparen t ly  there are f o u r  v a l v e s  i n  t h e  component c o o l i n g  water 
c i r c u i t ,  any  one  o f  whose f a i l u r e  c l o s e d  would lead t o  a c u t o f f  of 
c o o l i n g  water t o  t h e  r e a c t o r  c o o l a n t  pump sea l s .  Such a c o n d i t i o n ,  
p ro longed  for severa l  minutes, c o u l d  lead t o  seal  f a i l u r e s  and i n  
t u r n  lead  t o  an e v e n t  t h a t  might be c l a s s i f i ed  as a small-break LOCA 
However, s u c h  an e v e n t  is  bounded by small-break L O C A s  i n  t h e  FSAR. 
I ts  p o s s i b l e  spec ia l  s i g n i f i c a n c e  is t h a t  i t  is a s i n g l e  f a i l u r e  
e v e n t .  

Another e v e n t  o f  i n t e r e s t  t h a t  does  no t  i n v o l v e  a component o r  s y s t e m  
f a i l u r e  is  d e t a i l e d  i n  Sect .  5 .2 .1 .  T h i s  s c e n a r i o  is rather complex, 
showing t h a t  f o l l o w i n g  a LOCA a u t o m a t i c  i s o l a t i o n  o f  t h e  s e r v i c e  water 
s y s t e m  may r e s u l t  i n  s u b s e q u e n t  f a i l u r e  o f  t h e  i n s t r u m e n t  a i r  and 
con ta inmen t  a i r  s u p p l i e s .  

Other  p o s s i b l e  f a i l u r e s  de t a i l ed  i n  Sect.  4 might  lead t o  a small-break 
LOCA,  b u t  a l l  of them are  bounded by c a s e s  p r e s e n t e d  i n  t he  FSAR. 

I n  a l l  o f  these p o s t u l a t e d  f a i l u r e s ,  p r o p e r  o p e r a t o r  i n t e r v e n t i o n  could  
end t h e  t r a n s i e n t  o r  s u c c e s s f u l l y  m i t i g a t e  i ts effects .  I n  a l l  o f  t h e  
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cases n o t e d  i n  C-E p l a n t  o p e r a t i n g  h i s t o r i e s ,  i n  f a c t ,  p r o p e r  o p e r a t o r  
a c t i o n  t e r m i n a t e d  t h e  e v e n t s  s u c c e s s f u l l y .  However, it is o u r  o p i n i o n  
t h a t  t h e  emergency p r o c e d u r e s  c u r r e n t l y  i n  u s e  a t  C a l v e r t  C l i f f s  c o u l d  
be improved s u b s t a n t i a l l y  and t h u s  h e l p  reduce t h e  c h a n c e s  o f  a 
p r e c u r s o r  t u r n i n g  i n t o  an  a c c i d e n t .  BG&E is c u r r e n t l y  u p g r a d i n g  t h e i r  
E O P s ,  and t h e  newer v e r s i o n s  are  s c h e d u l e d  t o  be i n  e f fec t  a t  t h e  
b e g i n n i n g  o f  1986. 

The r e s u l t s  o f  t he  augmented FMEAs--simulator a n a l y s e s  o f  b road  
FMEA-developed s e q u e n c e s  o f  p a r t i c u l a r  i n t e r e s t - - a r e  r e p o r t e d  i n  d e t a i l  
i n  Sect.  6. A RETRAN model d e r i v e d  i n  l a r g e  p a r t  from a BG&E v e r s i o n  
f o r  t h e  C a l v e r t  C l i f f s - 1  p l a n t  was used  t o  s t u d y  p o s t u l a t e d  S G  o v e r f i l l  
and d r y o u t  s e q u e n c e s  and s e v e r a l  small-break LOCA s c e n a r i o s .  A Modular 
Modeling System ( M M S )  s i m u l a t i o n  o f  C a l v e r t  C l i f f s - 1  was d e v e l o p e d  f o r  
u s e  as a backup t o  t h e  R E T R A N  model,  b u t  was n o t  needed  s i n c e  t h e  R E T R A N  
model was implemented s u c c e s s f u l l y .  

P r o b a b i l i t y  estimates f o r  t h e  major  s e q u e n c e  f r e q u e n c i e s  are d e v e l o p e d  
and p r e s e n t e d  i n  Sect. 5. For the c r i t i c a l l y  s i z e d  small-break LOCA t o  
lead t o  p r o b a b l e  c o r e  damage due t o  i n s u f f i c i e n t  c o o l i n g ,  t h e  estimate 
is less t h a n  one  e v e n t  i n  100,000 r e a c t o r  years. The p r o b a b i l i t y  f o r  a 
r a p i d  S G  o v e r f i l l ,  r e s u l t i n g  i n  l i q u i d  e n t e r i n g  t h e  steam l i n e s ,  i s  
estimated t o  be -1/100 r y .  

Major FMEA s t u d i e s  were per formed on p l a n t  e l ec t r i ca l  and i n s t r u m e n t  a i r  
sys t ems .  Because f a i l u r e s  i n  these s y s t e m s  can  a f fec t  l a r g e  numbers of 
i n s t r u m e n t s  and c o n t r o l  s y s t e m s ,  e l e c t r i c a l  and pneumat ic  r e l i a b i l i t y  
and a v a i l a b i l i t y  are c r u c i a l  t o  SICS c o n c e r n s .  The s i g n i f i c a n t  
c o n c l u s i o n s  f rom these s t u d i e s  a re  t h a t  t h e  p l a n t  d e s i g n  c o n t a i n s  
s u f f i c i e n t  b u i l t - i n  backups  s o  t h a t  f a i l u r e s  i n  p l a n t  e l ec t r i ca l  and 
a i r  systems are n o t  e x p e c t e d  t o  p r e v e n t  t h e  o p e r a t o r s  f rom b r i n g i n g  t h e  
p l a n t  t o  a s a fe  shutdown c o n d i t i o n .  Al though some p o s t u l a t e d  i n s t r u m e n t  
f a i l u r e s  l e d  t o  leaks c a u s i n g  l o s s  o f  a l l  i n s t r u m e n t  a i r ,  many affected 
areas c o u l d  be  i s o l a t e d  by p r o p e r  o p e r a t o r  a c t i o n  and a i r  s u p p l y  t o  the  
rest of t he  s y s t e m  r e s t o r e d .  The p o t e n t i a l  f o r  some improvements i n  t h e  
o p e r a t i n g  p r o c e d u r e s  f o r  a c c o m p l i s h i n g  t h e  r e c o v e r i e s  was no ted .  O f  
special  i n t e r e s t  here is t h e  time a v a i l a b l e  f o r  r e s o l u t i o n  o f  t h e  
problems.  Only i n  t h e  case of some p o s t u l a t e d  header breaks  was t h e  
problem such  t h a t  t h e  l e a k  c o u l d  n o t  be i s o l a t e d .  

A s t u d y  was a l s o  made o f  p l a n t  o p e r a t i n g  e x p e r i e n c e s  r e l e v a n t  t o  SICS 
(Sect.  3 .2)  f o r  two p u r p o s e s .  F i r s t ,  s u c h  a s t u d y  may uncover o r  
s u g g e s t  s e q u e n c e s  o f  i n t e r e s t  n o t  detected by t h e  b road  FMEA o r  
s i m u l a t o r  e x e r c i s e s .  Second ,  some r o u g h  idea o f  t he  p r o b a b i l i t i e s  of 
t h e  major  s e q u e n c e s  may be d e r i v e d  f rom the  ra te  a t  which s u c h  c o n t r o l  
sys t em m a l f u n c t i o n  e v e n t s  o c c u r r e d ,  t h u s  l e a d i n g  a t  least  t o  s e q u e n c e  
p r e c u r s o r s  or i n i t i a t i n g  e v e n t s  i f  n o t  t o  s e r i o u s  e v e n t s  t h e m s e l v e s .  
The c u r r e n t  r e v i e w  and a n a l y s i s  c e n t e r e d  on  C a l v e r t  C l i f f s - 1  b u t  a l s o  
d e r i v e d  data from U n i t  2 and  o t h e r  o p e r a t i n g  C-E sister p l a n t s .  The 
o p e r a t i n g  h i s t o r y  a t  C a l v e r t  C l i f f s  is similar t o  t h a t  a t  o t h e r  PWR 
p l a n t  s i tes ( e x c e p t  f o r  t h o s e  t h a t  have  e x p e r i e n c e d  s e r i o u s  p r o b l e m s ) .  
O f  t h e  two t y p e s  o f  e v e n t s  n o t e d  as b e i n g  of s i g n i f i c a n t  c o n c e r n ,  none 
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a t  C a l v e r t  C l i f f s  c o u l d  be c l a s s i f i e d  a s  small-break L O C A s ,  b u t  one  a t  
a n o t h e r  C-E p l a n t  cou ld  be.  There were 3 SG o v e r f e e d s  a t  C a l v e r t  C l i f f s  
t h a t  r e s u l t e d  i n  h i g h  l e v e l  t r i p s  as well as  1 1  cases o f  S G  l ow- leve l  
t r i p s  ( m o s t l y  d u r i n g  s t a r t u p ) .  Al though no  s e r i o u s  problems r e s u l t e d  
from the  low- leve l  t r i p s ,  t h e y  were p o t e n t i a l  c h a l l e n g e s  t o  t h e  AFW 
sys t em a n d ,  as s u c h ,  c o u l d  be c o n s i d e r e d  as p r e c u r s o r s  t o  d r y o u t  or 
o v e r h e a t i n g  e v e n t s .  A rough idea o f  the  f r e q u e n c i e s  i n v o l v e d  may be 
d e r i v e d  from n o t i n g  t h a t  these are a p p r o x i m a t e l y  t h e  t o t a l  of s u c h  
e v e n t s  (depend ing  on t h e  comple t eness  of t h e  r e p o r t i n g  s y s t e m s )  t h a t  
o c c u r r e d  i n  1 9  p l a n t  y e a r s  of  C a l v e r t  C l i f f s  o p e r a t i o n ,  or 88 p l a n t  
y e a r s  o f  o p e r a t i o n  f o r  a l l  C-E p l a n t s .  A n a l y s i s  of t h e  sum t o t a l  of 
e v e n t s  f o r  a l l  C-E p l a n t s  ( and  f o r  U.S. power r e a c t o r s  i n  g e n e r a l )  has 
shown t h a t  those  re la ted t o  ma in tenance  and  t e s t i n g  d e f i c i e n c i e s  
r e s u l t e d  i n  f r e q u e n t  c h a l l e n g e s  t o  t h e  p l a n t  p r o t e c t i o n  s y s t e m s  ( P P S s ) .  
Improvements i n  these  p r o c e d u r e s  and s y s t e m s ,  and  improvements i n  t h e  
man-machine i n t e r f a c e  and communicat ions s y s t e m s  ( p a r t i c u l a r l y  i n  p l a n t s  
where much o f  t h e  c o n t r o l  is manua l ) ,  would a l s o  r e d u c e  PPS c h a l l e n g e s .  

Other d i s c u s s i o n s  of  c o n c l u s i o n s  and recommendat ions are  g i v e n  i n  t h e  
s e c t i o n s  on g e n e r i c  i m p l i c a t i o n s  (Sect .  4.71, r e s o l u t i o n  of A - 4 7  
( S e c t .  8 ) ,  and  p o s s i b l e  f u t u r e  SICS-related work ( S e c t .  9 ) .  Another  
c o n c l u s i o n  is  t h a t  more i n v e s t i g a t i o n s  a re  r e q u i r e d  t o  r e s o l v e  t h e  
q u e s t i o n  o f  g e n e r i c  a p p l i c a b i l i t y .  The c o n s e n s u s  a t  a 1983 A N S  
c o n f e r e n c e  on a n t i c i p a t e d  and abnormal  t r a n s i e n t s  was t h a t  w h i l e  most 
u t i l i t i e s / o p e r a t o r s  g e n e r a l l y  f e e l  t h a t  i d e n t i f y i n g ,  s o l v i n g ,  and 
d i s c u s s i n g  o p e r a t i o n a l  problems a t  t h e i r  own p l a n t s  would be of u s e  t o  
o p e r a t o r s  a t  sister p l a n t s ,  most  of  t h e  major c o n t r i b u t o r s  t o  these  
problems are  f u n c t i o n s  of d e t a i l e d  d e s i g n  and o p e r a t i n g  p r o c e d u r e s ,  and 
hence  g e n e r i c  s o l u t i o n s  are  u n l i k e l y  t o  be u n i v e r s a l l y  a p p l i c a b l e .  

Because of t h e  i n t e r e s t  i n  v e r y  low p r o b a b i l i t y  e v e n t s  (0.0001 p e r  p l a n t  
y e a r  and  l e s s ) ,  more work would be a p p r o p r i a t e  on common cause- induced  
f a i l u r e s  from e x t e r n a l  e v e n t s  s u c h  a s  e a r t h q u a k e s ,  f l o o d s ,  and  EMP t e s t s .  
I t  a l s o  is n o t e d ,  however ,  t h a t  h i s t o r i c a l l y  most s e r i o u s  problems w i t h  
r e a c t o r s  have  n o t  been caused  by e x t e r n a l  e v e n t s  o r  f i r e s ,  b u t  by d e s i g n  
e r r o r s ,  i n s t r u m e n t a t i o n  f a i l u r e s ,  o p e r a t o r  and  ma in tenance  e r r o r s ,  poor 
communica t ions ,  mechan ica l  equipment  f laws ,  and  o n - l i n e  t e s t  p rocedure  
problems.  A s  a r e s u l t ,  U.S. reactors  have  had t h e i r  shutdown and emer- 
gency  s y s t e m s  c h a l l e n g e d  and  e x e r c i s e d  more o f t e n  t h a n  t h e y  s h o u l d  
( a v e r a g i n g  5.5 shutdowns p e r  p l a n t  year compared t o  0.3 i n  J a p a n ) .  We 
b e l i e v e  t h a t  d e a l i n g  w i t h  t h e s e  problems s h o u l d  take p recedence  o v e r  
e v e n t u a l i t i e s  t h a t  have h i s t o r i c a l l y  proven  t o  be o f  l e s s  conce rn .  





8. RECOMMENDATIONS FOR RESOLUTION OF US1 A-47 

8.1 BACKGROUND 

The A-47 T a s k  Ac t ion  P l a n  ( A p r i l  1984) '  s t a t e s  t h a t  t he  o b j e c t i v e  o f  t h e  
t a sk  is I ? .  . . t o  v e r i f y  t h e  adequacy  of  c u r r e n t  l i c e n s i n g  d e s i g n  
r e q u i r e m e n t s  or propose a d d i t i o n a l  g u i d e l i n e s  and c r i t e r i a  t o  a s s u r e  
t h a t  n u c l e a r  power p l a n t s  do  n o t  pose  a n  u n a c c e p t a b l e  r i s k  due  t o  inad -  
v e r t e n t  n o n - s a f e t y  grade c o n t r o l  sys t em f a i l u r e s . "  

Nonsa fe ty -g rade  c o n t r o l  s y s t e m s  h a v i n g  t h e  p o t e n t i a l  f o r  a f f e c t i n g  p l a n t  
s a f e t y  are p r e s e n t l y  cove red  by a g e n e r a l  s t a t e m e n t  i n  N R C ' s  Q u a l i t y  
Assurance  C r i t e r i a ,  10 CFRTO, ' O  Appendix B ,  C r i t e r i o n  11: "The q u a l i t y  
a s s u r a n c e  program s h a l l  p r o v i d e  c o n t r o l  o v e r  a c t i v i t i e s  a f f e c t i n g  t h e  
q u a l i t y  of t h e  i d e n t i f i e d  s t r u c t u r e s ,  s y s t e m s ,  and  components ,  t o  an  
e x t e n t  c o n s i s t e n t  w i t h  t h e i r  impor t ance  t o  s a f e t y . "  

Under e x i s t i n g  s t a n d a r d s ,  n o n s a f e t y  s y s t e m s  t h a t  p r e s e n t  p o t e n t i a l  
s a f e t y  problems are d e a l t  w i t h  i n  three r e c o g n i z e d  ways: 

1 .  

2 .  

Make t h e  n o n s a f e t y  s y s t e m  i n  q u e s t i o n  a p a r t  of t h e  s a f e t y  s y s t e m ,  
t r a n s f e r r i n g  t o  i t  a l l  r e q u i r e m e n t s  f o r  r e d u n d a n t  c h a n n e l s ,  t e s t i n g ,  
and d e s i g n  a p p r o v a l s  t h a t  c h a r a c t e r i z e  any  p r o t e c t i v e  c h a n n e l .  A s  a 
r e s u l t  o f  t h i s  t y p e  of  a p p r o a c h ,  power s o u r c e s  t h a t  were n o t  p a r t  of 
t h e  s a f e t y  sys t em i n  I E E E  603-197731 have  been found so v i t a l  t o  
s a f e t y  f u n c t i o n s  t h a t  t h e y  have  been i n c l u d e d  i n  t h e  s a f e t y  sys t em 
i n  I E E E  603-1980.'* 

Upgrade or e n l a r g e  t h e  s a f e t y  s y s t e m  t o  deal w i t h  a n y  new h a z a r d  
t h a t  has  been  found t o  be 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  c o n t r o l  
e l e m e n t ,  t h e  l a t t e r  r e m a i n i n g  i n  t h e  n o n s a f e t y  c a t e g o r y .  

S t a n d a r d  603 ,  I E E E  S t a n d a r d  Cr i te r ia  f o r  S a f e t y  Sys tems,  describes 
p o s s i b l e  s a f e t y  i n t e r a c t i o n s  of n o n s a f e t y  sys t ems  (Sect.  6 .3 .1 ) :  
"Where a s i n g l e  c r e d i b l e  e v e n t ,  i n c l u d i n g  all d i r e c t  a n d  
c o n s e q u e n t i a l  r e s u l t s  of t h a t  e v e n t ,  can  c a u s e  a non- sa fe ty  sys t em 
a c t i o n  t h a t  r e s u l t s  i n  a c o n d i t i o n  r e q u i r i n g  p r o t e c t i v e  a c t i o n  and  
can  c o n c u r r e n t l y  p r e v e n t  t h e  p r o t e c t i v e  a c t i o n  i n  those  s e n s e  and 
command f e a t u r e  c h a n n e l s  d e s i g n a t e d  t o  p r o v i d e  p r i n c i p a l  p r o t e c t i o n  
a g a i n s t  t h e  c o n d i t i o n ,  one  of  t h e  f o l l o w i n g  r e q u i r e m e n t s  s h a l l  be  
met . . . .I7 

There f o l l o w  two p o s s i b l e  remedies, both  i n v o l v i n g  t h e  p r o v i s i o n  of 
equipment  n o t  s u b j e c t  t o  f a i l u r e  d u e  t o  t h e  o r i g i n a l  i n i t i a t i n g  
e v e n t ,  and  c a p a b l e  o f  d e t e c t i n g  t h e  e v e n t  and l i m i t i n g  i ts  
consequences  t o  l e v e l s  p e r m i t t e d  by t h e  d e s i g n  bases. One remedy is  
a n  a l t e r n a t e  ( d i v e r s e )  s e n s e  and command (S&C)  c h a n n e l  t o  s u b s t i t u t e  
f o r  t h e  S&C c h a n n e l  t h a t  fa i led .  The other  remedy p r o v i d e s  s a f e t y  
equipment  o u t s i d e  t he  S&C sys t em which is c a p a b l e  of p r o v i d i n g  
p r o t e c t i o n  d e s p i t e  comple t e  l o s s  of S&C. 
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3. Upgrade t h e  n o n s a f e t y  s y s t e m  i n  q u e s t i o n  t o  make i t  less l i k e l y  t o  
f a i l ,  o r  d e c o u p l e  t h e  e l e m e n t s  i t  has  i n  common w i t h  s a f e t y  s y s t e m s  
w i t h o u t  promot ing  the  s y s t e m  i n  q u e s t i o n  t o  f u l l  s a f e t y  s y s t e m  
s t a t u s .  (Upgrading  is c o v e r e d  i n  p r i n c i p l e  by  t h e  c i t e d  q u o t a t i o n  
from 10 CFRSO, Appendix B . ) 3 0  

Decoupl ing  is  l a r g e l y  c o v e r e d  by G e n e r a l  Design C r i t e r i o n  24 of 10  
CFR50, Appendix A ,  which r e q u i r e s  t h a t  "The p r o t e c t i o n  s y s t e m  s h a l l  
be separated from c o n t r o l  s y s t e m s  t o  t h e  e x t e n t  t h a t  f a i l u r e  of any  
s i n g l e  c o n t r o l  s y s t e m  or c h a n n e l  . . . l e a v e s  i n t a c t  a s y s t e m  
s a t i s f y i n g  a l l  r e l i a b i l i t y ,  r e d u n d a n c y ,  and  independence  
r e q u i r e m e n t s  of t h e  p r o t e c t i o n  sys tem.  I n t e r c o n n e c t i o n  of t h e  
p r o t e c t i o n  and c o n t r o l  s y s t e m s  s h a l l  be l i m i t e d  so as t o  a s s u r e  t h a t  
s a f e t y  is n o t  s i g n i f i c a n t l y  i m p a i r e d . "  There are p o s s i b l e  n e e d s  f o r  
d e c o u p l i n g  beyond t h e  r e q u i r e m e n t s  of C r i t e r i o n  24 ( e . g . ,  m u l t i p l e  
c o n t r o l  c h a n n e l  f a i l u r e s  from a common c a u s e ,  o r  i n t e r a c t i o n s  n o t  
c a u s e d  by i n t e r c o n n e c t i o n ) ;  these may be addressed under  g e n e r a l  
s t a n d a r d s  of " a p p l i c a b i  1 i t y  , a d e q u a c y ,  and s u f f i c i e n c y .  IT 

8.2 INSIGHTS FROM THE SICS S T U D Y  OF CALVERT CLIFFS-1 

Q u e s t i o n s  t h a t  must be  answered b e f o r e  US1 A-47 c a n  be r e s o l v e d  i n c l u d e  
t h e  f o l l o w i n g :  

1.  Have any  c o n t r o l - i n i t i a t e d  or  c o n t r o l - e x a c e r b a t e d  s a f e t y  problems 
been  f o u n d ,  e i t h e r  p l a n t  s p e c i f i c  or g e n e r i c ,  t h a t  e x c e e d  t he  bounds 
o f  d e s i g n  b a s i s  a c c i d e n t s  or  are  otherwise u n a c c e p t a b l e ?  

2. I f  s o ,  a re  these problems the  r e s u l t  of i n a d e q u a t e  g u i d a n c e  i n  
c u r r e n t  or p a s t  l i c e n s i n g  d e s i g n  r e q u i r e m e n t s ,  or do t h e y  s i m p l y  
r e p r e s e n t  t h e  f a i l u r e  of p l a n t  d e s i g n e r s  t o  f o l l o w  e x i s t i n g  
r e g u l a t i o n s ?  

3. If there  is a need fo r  a d d i t i o n a l  g u i d e l i n e s  and c r i t e r i a ,  what 
c h a n g e s  and a d d i t i o n s  are  r e q u i r e d ?  

The answer t o  the  f i r s t  of these q u e s t i o n s  is a f f i r m a t i v e .  The f o l -  
l o w i n g  c o n c l u s i o n s  can be made: 

S e c t i o n  4.3.2.5 d i s c u s s e s  t he  c a u s e s  and e f f ec t s  of an i n t e r m e d i a t e  
r a n g e  o f  small-break LOCAs  i n  t h e  C a l v e r t  C l i f f s  p l a n t .  C o o l a n t  losses 
of t h i s  n a t u r e  can  be i n i t i a t e d  by c o n t r o l  s y s t e m  a c t i o n ,  a n d  t h e  a c t i o n  
of o ther  n o n s a f e t y  c o n t r o l  s y s t e m s  may be  r e q u i r e d  f o r  the i r  r e l i e f .  
Consequences of i n a c t i o n  o r  improper  a c t i o n  c o u l d  i n c l u d e  damage t o  t he  
core. 

S e c t i o n  4 .3 .2 .7  d i s c u s s e s  the  c a u s e s  and e f f e c t s  of S G  o v e r f i l l  i n  t h e  
C a l v e r t  C l i f f s  p l a n t .  Such o v e r f i l l  is i n i t i a t e d  by c o n t r o l  s y s t e m  
a c t i o n  and  can  be t e r m i n a t e d  o n l y  by t h e  t i m e l y  i n t e r v e n t i o n  of t h e  
o p e r a t o r  v i a  n o n s a f e t y  c o n t r o l  s y s t e m s .  Consequences of  i n a c t i o n  or 
improper a c t i o n  can  i n c l u d e  p o t e n t i a l  steam l i n e  break.  
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Q u e s t i o n s  ( 2 )  and  ( 3 )  i n v e s t i g a t e  a p p r o p r i a t e  d e s i g n  or o p e r a t i o n a l  
remedies f o r  s u c h  s a f e t y  problems as may be  f o u n d ,  and  a s k  whether t h e  
e x i s t i n g  l i c e n s i n g  d e s i g n  r e q u i r e m e n t s ,  i f  fo l lowed,  would have  r e q u i r e d  
t h e  implemen ta t ion  o f  such  remedies d u r i n g  c o n s t r u c t i o n .  

I n  t h e  case o f  small-break L O C A s ,  two R C S  f a i l u r e s  were i d e n t i f i e d  as 
p o t e n t i a l  c a u s e s :  a release of r e a c t o r  c o o l a n t  due  t o  R C  pump s h a f t  
sea l  f a i l u r e ,  or a f a i l u r e  t o  c l o s e  o r  i so l a t e  t h e  P O R V s  mounted on t h e  
p r e s s u r i z e r .  ( A  f u l l y  open  PORV is we l l  above  t h e  r a n g e  of small-break 
LOCAs  of  p o s s i b l e  c o n c e r n ,  i . e . ,  those  which exceed  makeup pump c a p a c i t y  
b u t  which might  n o t  d e p r e s s u r i z e  t h e  p r i m a r y  f a s t  enough t o  a l l o w  the  
H P S I  t o  f u n c t i o n  i n  a t i m e l y  manner.) The HPSI s y s t e m  is a u t o m a t i c a l l y  
a c t u a t e d  i n  t h e  e v e n t  of a LOCA, b u t  (as  e x p l a i n e d  i n  Sect. 4 .3 .2 .5)  i n  
o r d e r  f o r  i t  t o  s u p p l y  water f o r  c e r t a i n  small b r e a k s ,  t h e  o p e r a t o r  must  
be depended upon t o  d e p r e s s u r i z e  t he  p r i m a r y  sys t em and  t h e  SG, i n  t u r n  
depend ing  on t h e  o p e r a b i l i t y  of t h e  a p p r o p r i a t e  c o n t r o l  sys t ems .  

F i g u r e  4.3 shows t h a t  i n i t i a l  r e c o v e r y  from s u c h  a LOCA is dependent  
upon SG d e p r e s s u r i z a t i o n  v i a  t he  a t m o s p h e r i c  dump v a l v e  a n d / o r  t h e  
t u r b i n e  bypass  v a l v e ,  o p e n i n g  of t h e  P O R V ,  and  p o s s i b l y  o p e r a t i o n  of t h e  
chemical volume c o n t r o l  sys t em (CVCS). Should  t h i s  d e p r e s s u r i z a t i o n  n o t  
t ake  p l a c e ,  p r e s s u r i z e r  heater c u t o f f  w i l l  e v e n t u a l l y  lead t o  an  
accelerated r a t e  of  p r e s s u r e  d r o p  f o l l o w e d  by r e a c t o r  t r i p  on  low 
p r e s s u r e  b e f o r e  t h e  core is  uncovered .  However, un ique  and u n m i s t a k a b l e  
i n s t r u c t i o n s  i n  t h e  small-break LOCA EOPs s h o u l d  e n s u r e  t h a t  r e q u i r e d  
HPSI o p e r a t i o n  i s  n o t  even  t e m p o r a r i l y  b locked  by h i g h  RCS p r e s s u r e .  

The o ther  case o f  c o n c e r n ,  o v e r f i l l  of t h e  SG, c a n  o c c u r  t h r o u g h  f a i l u r e  
of  FW c o n t r o l  v a l v e s  t o  c l o s e  f o l l o w i n g  r e a c t o r  t r i p .  Once t h e  o v e r f e e d  
t r a n s i e n t  is i n i t i a t e d ,  i t  can be t e r m i n a t e d  o n l y  by o p e r a t o r  a c t i o n .  
Automat ic  pump t r i p  on s u s t a i n e d ,  v e r i f i e d ,  and  i n t r a c t a b l e  h i g h  SG 
l e v e l  w i t h  f a i l u r e  o f  runback  would a p p e a r  t o  be a r e a s o n a b l e  p r o v i s i o n .  

I n  o r d e r  t o  accommodate such  c o n t r o l  m a l f u n c t i o n s  as d e s c r i b e d  above ,  
are a d d i t i o n a l  criteria or d e s i g n  g u i d e l i n e s  r e q u i r e d ?  

Appendix B o f  10CFR50 is  conce rned  w i t h  p r o p e r  f u n c t i o n i n g  o f  i m p o r t a n t  
n o n s a f e t y  c o n t r o l s ,  b u t  i t  seeming ly  c o n f i n e s  i t s e l f  t o  t h e  c o n s t r u c t i o n  
q u a l i t y  o f  t h o s e  sys t ems .  

I E E E  S t a n d a r d  603 ( q u o t e d  i n  Sect. 8.1) is  c l o s e  t o  t he  mark ,  b u t  
r e q u i r e s  t h e  t a r g e t  n o n s a f e t y  sys t em t o  both c a u s e  t h e  c h a l l e n g e  t o  
s a f e t y  and  p r e v e n t  t h e  s a f e t y  s y s t e m  from f u n c t i o n i n g  p r o p e r l y .  

NRC might  well  c o n s i d e r  a s t a n d a r d  such  as "where p r o p e r  f u n c t i o n i n g  of  
a n o n s a f e t y  s y s t e m  is r e q u i r e d  i n  o r d e r  t h a t  p r o t e c t i o n  s e n s e  and 
command c h a n n e l s  can  per form t h e i r  p r o t e c t i v e  a c t i o n  i n  r e s p o n s e  t o  a 
c o n d i t i o n  r e q u i r i n g  p r o t e c t i v e  a c t i o n ,  t h e  f u n c t i o n i n g  of  t h a t  n o n s a f e t y  
sys t em s h a l l  be a s s u r e d  by t h e  same s t a n d a r d s  of per formance  as are 
r e q u i r e d  of  t h e  p r o t e c t i v e  c h a n n e l . "  
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Because of d i f f e r e n c e s  i n  d e s i g n  p h i l o s o p h y ,  c o n d i t i o n s  of c o n c e r n  t h a t  
were i d e n t i f i e d  for  C a l v e r t  C l i f f s  are g e n e r a l l y  n o t  t h e  same as those  
found i n  t h e  Oconee p l a n t .  Other C-E p l a n t s  may o r  may n o t  have  
c o n c e r n s  similar t o  those d i s c u s s e d  f o r  C a l v e r t  C l i f f s .  The 
recommendat ions a p p l y  s p e c i f i c a l l y  t o  t h e  p l a n t s  examined b u t  are  
q u a l i t a t i v e l y  v a l i d  f o r  o t h e r  p l a n t s  of similar d e s i g n .  Such g e n e r i c  
e v a l u a t i o n s  c a n  be made w i t h o u t  examining  e v e r y  n u c l e a r  s t a t i o n  i n  t h e  
c o u n t r y ,  b u t  t h e y  may be i r r e l e v a n t  a t  any g i v e n  p l a n t  b e c a u s e  of 
i n d i v i d u a l i t y  i n  c o n t r o l s  d e s i g n .  These i s s u e s  are d i s c u s s e d  i n  more 
d e t a i l  i n  Sect. 4.7. 

The c o n d i t i o n s  f o u n d  i n  C a l v e r t  C l i f f s - 1  are n o t  u n u s u a l  or a c a u s e  f o r  
alarm. Al though t h e  d e s i g n  c o n d i t i o n s  do n o t  a p p e a r  t o  v i o l a t e  any 
e x i s t i n g  s t a n d a r d s ,  i n  some i n s t a n c e s  the  p l a n t  does depend on  o p e r a t o r s  
fo r  a c t i o n s  t h a t  are e s s e n t i a l l y  s a f e t y  f u n c t i o n s ,  and i n  t h e  r e s o l u t i o n  
of US1 A-47, N R C  may well wish t o  r e q u i r e  a u t o m a t i c  o p e r a t i o n  or 
u n e q u i v o c a l  E O P s  f o r  n o n s a f e t y  a c t i o n s  e s s e n t i a l  t o  s a f e t y .  



9. RECOMMENDATIONS FOR FUTURE WORK 

No a d d i t i o n a l  new f u n d i n g  f o r  t h e  SICS program i s  a n t i c i p a t e d  i n  FY 1986 
and t h e r e a f t e r ;  recommendations f o r  f u t u r e  work t h e r e f o r e  f a l l  i n t o  two 
broad  c a t e g o r i e s :  ( 1 )  fo l low-up  work t h a t  can  be done u s i n g  c a r r y o v e r  
f u n d s ,  and ( 2 )  new p r o j e c t s  funded  as o t h e r  r e s e a r c h  programs. I n  t he  
f i r s t  c a t e g o r y ,  t h e  same p r o j e c t  p e r s o n n e l  w i l l  be a v a i l a b l e  t o  r e s p o n d  
t o  t h e  b r o a d e r  reviews o f  US1 A-47 t h a t  f o l l o w  i s s u a n c e  of t h i s  r e p o r t  
and t h e  companion SICS r e p o r t  on Oconee. Another t ask  t h a t  may be 
a p p r o p r i a t e  here would be a r e f i n e m e n t  of t h e  s i m u l a t o r  models i n c l u d i n g  
augmented v e r i f i c a t i o n  and v a l i d a t i o n  o f  t h e  models u s i n g  c a l c u l a t i o n s  
a n d / o r  p l a n t  da ta  as ava i l ab le .  

I n  t h e  second c a t e g o r y ,  we b e l i e v e  t h a t  a number o f  t o p i c s  ( n o t  
n e c e s s a r i l y  re la ted t o  C a l v e r t  C l i f f s  or o t h e r  C-E p l a n t s )  d e s e r v e  
c o n s i d e r a t i o n  f o r  fo l low-up  work: 

1 .  

2 .  

3. 

4 .  

5. 

The c r e d i b i l i t y  and u s e f u l n e s s  o f  t h e  g e n e r i c  e x t e n s i o n  o f  t h e  
C a l v e r t  C l i f f s  work t o  o t h e r  C-E p l a n t s  would be g r e a t l y  enhanced  i f  
s e v e r a l  o f  these o t h e r  p l a n t s  were examined i n  more d e t a i l  t h a n  was 
p o s s i b l e  i n  t h e  p r e s e n t  program ( S e c t .  4 . 7 ) .  T h i s  s h o u l d  be done .  

Look i n t o  o p e r a t o r  a c t i o n  i n  more d e t a i l .  I n  p a r t i c u l a r ,  c o n s i d e r  
f o r  s p e c i f i c  s e q u e n c e s  t h e  chances  f o r  m i s d i a g n o s i s ;  t h e  a b i l i t y  t o  
cope w i t h  f a i l e d  systems; and t h e  adequacy  o f  p r o c e d u r e s ,  t r a i n i n g ,  
and d r i l l s .  Make u s e  o f  t r a i n i n g  s i m u l a t o r s  i f  a v a i l a b l e .  

I n v e s t i g a t e  “ reasonab le ’ ’  combina t ions  o f  m u l t i p l e  f a i l u r e s  t o  a 
g r e a t  e x t e n t .  S e v e r a l  s i g n i f i c a n t  n u c l e a r  power p l a n t  i n c i d e n t s  
have  o c c u r r e d  t h a t  would n o t  be p r e d i c t a b l e  i f  i t  were assumed t h a t  
t h e  m u l t i p l e  f a i l u r e s  t h a t  d i d  o c c u r  were indeed  i n d e p e n d e n t ,  or  
even i f  t h e  f a i l u r e s  were due t o  a common c a u s e .  The most r e c e n t ,  
a t  D a v i s  Besse on J u n e  9 ,  1985 ,  i n v o l v e d  m u l t i p l e  c o n t r o l  and s a f e t y  
equipment and o p e r a t o r  e r r o r  problems.  A t  l eas t  10  component 
f a i l u r e s  were c l a s s i f i ed  as i n d e p e n d e n t .  A s i g n i f i c a n t  feature  of 
t he  e v e n t  is t h a t  i n  t h e  p r e c e d i n g  s i x  months a t  Davis  Besse, 
t e n  i n t e r r u p t i o n s  o f  MFW o c c u r r e d .  Furthermore,  problems with 
c o n t r o l  o f  t h e  AFW pumps were a l so  e x p e r i e n c e d  i n t e r m i t t e n t l y  i n  
t h a t  p e r i o d .  Hence t h e  MFW f a i l u r e s ,  which c o u l d  be c a t e g o r i z e d  as 
AFW ( s a f e t y  s y s t e m )  c h a l l e n g e s ,  s h o u l d  be c o n s i d e r e d  as warn ings  of 
an  i n c i d e n t  abou t  t o  happen. I t  would be u s e f u l  t o  sys temat ica l ly  
d e t e r m i n e  behav io r  p a t t e r n s  o f  problems and t h e i r  f r e q u e n c i e s  t h a t  
c o u l d  be used  t o  warn of impending a c c i d e n t s .  I n  p a r t i c u l a r ,  
problems w i t h  AFW a c t u a t i o n  and c o n t r o l  appea r  t o  d e s e r v e  more 
a t t e n t i o n .  

Cons ide r  e x t e r n a l  e f f e c t s  ( e a r t h q u a k e ,  f i r e ,  f l o o d ,  and  s a b o t a g e ) ,  
p e r  t h e  c u r r e n t  t a sk  a c t i o n  p l a n  f o r  A-47. 

Cons ide r  o t h e r  mechanisms f o r  f a i l u r e  c a t e g o r i z e d  by ORNL c o n s u l t a n t  
E. P .  E p l e r . 3 3  E p l e r  has p o i n t e d  o u t  t h a t ,  except f o r  t h e  Browns 
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F e r r y  BWR f i r e ,  none o f  t h e  e x t e r n a l  e f f e c t s  n o t e d  i n  Item 3 have  
c o n t r i b u t e d  t o  major  f a i l u r e s .  On t h e  o t h e r  hand ,  o t h e r  mechanisms 
more l i k e l y  t o  be o v e r l o o k e d  have  dominated  t h e  ear ly  r e a c t o r  
f a i l u r e s  and c o n t i n u e  t o  appear i n  LWRs. These t o p i c s ,  w i t h  
examples ,  a re  as f o l l o w s :  

a.  Des ign  e r r o r s :  The TMI-2 p r e s s u r i z e r  PORV p o s i t i o n  i n d i c a t i o n  was 
t a k e n  f rom t h e  r e l a y  o p e r a t i n g  t h e  v a l v e ,  n o t  from the  v a l v e  i t s e l f .  

b.  Redundancy: A Brunswick s e r v i c e  water pump's c o u p l i n g  was 
m i s t a k e n l y  uncoupled  i n  t h e  o n e  r e m a i n i n g  a c t i v e  e l emen t  o f  a 
r e d u n d a n t  t r a i n ,  r e s u l t i n g  i n  l o s s  o f  s e r v i c e  water f o r  7 h.  

c. Degraded ac power: Low o f f s i t e  v o l t a g e  a t  M i l l s t o n e  w a s n ' t  low 
enough t o  s t a r t  t h e  diesels ,  and t h e  r e s u l t i n g  f a i l u r e  of ac 
c o n t a c t o r s  t o  c l o s e  caused a s u s t a i n e d  i n r u s h  c u r r e n t  and blew 
c o n t r o l  c i r c u i t  f u s e s .  

d .  T e s t i n g :  The H. B. Robinson ba t t e r i e s  were d i s c h a r g e d  due t o  a n  
i n a d v e r t e n t l y  p ro longed  t e s t ,  which  l e d  t o  a scram, d e s t r u c t i o n  o f  
t u r b i n e  b e a r i n g s ,  and  d e a c t i v a t i o n  of h a l f  of t h e  shutdown heat s i n k  
equipment .  

Many o f  these c a t e g o r i e s  i n v o l v e  t h e  e f f e c t s  of n o n s a f e t y - g r a d e  e q u i p -  
ment f a i l u r e s  and d e f i c i e n c i e s  i n  o p e r a t i n g  and ma in tenance  p r o c e d u r e s ;  
t h e y  may be v iewed,  i n  p a r t ,  as  fo l low-ups  t o  t h e  t a sks  d e s c r i b e d  i n  
Item 1 .  
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