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Attachment G-1

Fault Tree to Estimate the Generic Probability
of a Consequential LOOP

due to Plant-Centered Factors
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Order of the branches of the fault tree

PLANTCENTEREDLOOP
TRANSFER
TRANSTRAINAFAILS
TRANSTRAINBFAILS
TRANSFERCCF
BUSESLOSEPOWER
NOPOWERFROMSTARTUPXF
UVRELAYSCCF
MAINGENRELAY&OTHERLINE
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P L A N T C E N T E R E D L O O P

T R A N S F E R B U S E S L O S E P O W E R V O L T A G E A N A L Y S IS H E

L O O P  o c cu rs  d u e  to
p lan t-c e n te re d

fa c to r s af t er  a  L O C A

T ran s fe r  to  o f fs ite
p o w e r  fa il s

S af e ty  b u s es  lo s e
o ffs it e  p o w er

H u m a n  er ro r  in
th e  s y s te m

v o lta g e  a n a ly s i s
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T R A N S F E R G A T E

T R A N S F E R C C F

T R A N S F E R

T R A N S F E R H O U S E

G A T E -2 -1 9

T R A N S T R A IN A F A IL S T R A N S T R A IN B F A I L S

G A T E -2 -1 7

T R A N S F E R S E T T IN G S R E CT R A N S F E R S E T T IN G S H E

T r an sf er  to  o f fsi te
p o w e r fa i l s  d u e

to  re lay s

T ran s fer  fa i ls  d u e
to  c o m m o n  c a u se

f ai lu res

T ra n sfe r  to  o f fs i te
p o w e r  fa i l s

H o u se  fo r  a ct iv at in g
tran s fer

In d e p e n d en t
fa ilu re s o f  t ran s fer

t ra in s  A  &  B

F ai lu re  o f  tra n sfe r
tra in  A

F a ilu re  o f  tra n sfe r
tra in  B

O p e ra to r  s e t s
t ra n sfe r  se tt in g s

in c o rre ct ly

O p e ra to r  (r ec o v e ry )
se ts  tra n sfe r  se t tin g s

in c o rre c tly

R e c o v ery  o f
in co rr ec t tra n sfe r

se tt in g s
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T R A N S T R A IN A F A IL S

T R A N S F E R R E L A Y B U S A C K T B R K R B U S A F T C C K T B R K R B U S A F T O T R A IN A D C F A IL S

F a i lu re  o f  t ran s fer
re lay  o f  b u s  A

In co m in g  c irc u i t
b re ak e r  th a t fe e d s

b u s  A  fa ils  to  c lo s e

F a ilu re  o f  t ran s fer
t ra in  A

O u tg o in g  c irc u i t
b r ea k e r fee d in g  b u s

A  fa i ls  to  o p en

D C  p o w er  (b a t te ry )
fo r  tra n sfe r  t ra in  A

fa i ls
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T R A N S T R A IN B F A IL S

T R A N S F E R R E L A Y B U S B C K T B R K R B U S B F T C C K T B R K R B U S B F T O T R A IN B D C F A I L S

F a i lu re  o f  t ran s fer
re la y  o f  b u s  B

In co m in g  c irc u i t
b re ak e r  th a t fe e d s

b u s  B  fai ls  to  c lo se

F a ilu re  o f  t ran s fer
t ra in  B

O u tg o in g  c irc u i t
b r ea k e r fee d in g  b u s

B  fa ils  to  o p e n

D C  p o w er  (b a t te ry )
fo r  t ra n sfe r  tra in  B

fa i ls
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T R A N S F E R R E L A Y S C C F

R EL A Y B E TAT R A N S F E R R E L A Y B U S A

TR A N S F E R C C F

C K TB R K R B U S A & B C C F T C

C K T B R K R B U S A & B B E T AC K T B R K R B U S A F T C

C K T B R K R B U S A & B C C F T O

C K T B R K R B U S A & B B E TAC K T B R K R B U S A F T O

T R A N S F ER R E L A Y S C C F

B A T T E R Y B E T AT R A IN A D C F A I L S

F a i lur e  o f  t ra n sf e r
r e la y  of  bu s A

B e ta  f a c to r  of
r e l a ys

C om m o n c a u se
fa ilu r e  of

tr a n sf e r  re l a ys

T r a n sf e r  fa ils  d ue
to  c om m on  c a u se

f a il ur e s

I nc o m ing  c ir c u it
b r e a ke r  th a t f e e ds

b us  A  fa il s  to  c l os e

B e ta  f a c to r o f
c i rc u it b r e a ke r s

O u tg oin g  c ir c uit
bre a k e r  f e e d in g b us

A  f a ils  to  o pe n

B e ta  fa c t or  o f
c ir c u it b re a ke r s

D C  po w e r  (b a tt e ry )
f or  tr a n sf e r  tr a in  A

f a ils

B e t a  fa c t or  o f
b a tte r ie s

C om m o n c a u se
f a il ur e  of
b a tte r ie s

C C F  to  c lo se  of
i nc o m ing  c ir c u it

br e a k e r s

C C F  to o p e n o f
o u tg oin g  c ir c uit

b r e a ke r s
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B U S E S L O S E P O W E R

G A T E - 3- 8 U V R E L A Y S S E T P O IN T H I G H T O T

U V T I M E R F A I L S U V R E L A Y S C C F U V R E L A Y S S E T P O I N T H I G H H E U V R E L A Y S S E T P O I N T H I G H R E C

M A I N G E N R E L A Y & O T H E R L I N E N O P O W E R F R O M S T A R T U P X F

C o m m o n  c a u s e
f a i lur e  o f

un d e r v o l ta g e  r e lay s

O p e ra to r  ( r e c ov e r y )
se ts  s e tp oin t  o f  U V

r e la y s  to o  h ig h

F a i lu re  o f t im e r
as s o c iate d  w i th

u n d e r vo l ta g e r ela y s

S pu r io u s  f a ilu r e
o f u n de r v o l ta g e

r e la y s

S a f e ty  bu s e s  lo s e
o f f s ite  p o w e r

O p er a to r  s e ts
s e tp o in t  o f  U V
re la ys  to o  h ig h

R e c o v e r y  o f
in co r r e c t

c a l ib ra t io n

F a ilu r e  o f  r e la y  o f
m a in  g e n e r a to r  a n d

lo ss  o f o the r  l in e

N o  p o w e r  f r om
s ta r tu p

tr a n s f o rm e r
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N O P O W E R F R O M S T A R T U P X F

S T A R T U P X F F A I L S

S U X F V O L T R E G L O W H EA U T O T A P C H A N G E R B A D V O L T

G A T E -5 -9

A U T O T A P C H A N G E R R E L A Y F A IL

G A T E -5 -1 4

S U X F V O L T R E G L O W R E C T R A N S F E R H O U S E S U X F R E L A Y F A IL

S U X F P R O T E C T F A I L

In a d e q u a t e  v o lt a g e
f ro m  s ta rt u p
t ra n s f o rm e r

S t a r tu p
tr a n s fo r m e r  fa i l s

S t a rt u p  x fo r m e r
re g u la to r s  o u t p u t  V
l ow  a ft e r re c o v e ry

A ut o m a tic  t a p
c h a n g e r y i e l d s

in a d e q u a te  v o lt a g e

In a d e q u a te
v o lt a g e  fro m  t a p

c ha n g e r

I n a de q u a t e  v o l t a g e
f ro m  ta p  c h a ng e r  d u e

t o  a  d e f e c t iv e  re l a y

R e c o v e ry  o f  s t a rt u p
x f or m e r  r e gu l .
ou t p u t  V  l o w

S t a r t up  x fo rm e r
re g u l a t or s  c on tro l

o ut p u t  v o l t a ge  l ow

H o u se  f o r a c t i v a t i ng
t ra n s f e r

R e la y  o f s ta r t u p
t ra n s f o rm e r f a i l s

F a i l u re  in  th e
p ro t e c t io n  o f  s t a r tu p

tr a n s fo r m e r
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U V R E L A Y S C C F

R E L A Y B E T AU V R E L A Y IN D E P F A IL

In d e p e n d e n t
fa i lu re  o f

u n d e rv o lta g e  re la y

B e ta  fa c to r o f
re la y s

C o m m o n  c a u se
fa ilu re  o f

u n d e rv o lta g e  re la y s
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M A I N G E N R E L A Y & O T H E R L I N E

G A T E -3 - 2 1

S E C O N D L IN E C O N D F A I LM A IN G E N R E L A Y F A I L

T R A N S F E R H O U S E

F a i lu r e  o f  re la y  o f
m a in  g e n e r a to r  a n d

lo s s  o f  o th e r  l in e

F a ilu r e  o f  re la y  o f
m a in  g e n e r a to r
o u tp u t  b r e a k e rs

L o ss  o f  s e c o n d
l in e  g iv e n  f a i lu re

o f  f i r s t  l in e

H o u se  f o r  a c t iv a t in g
t r a n s f e r

F a i lu re  o f  r e la y  o f
m a in  g e n e r a to r  a n d

lo s s  o f  o th e r  lin e


