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Abstract

I'mcrgency onsite «c power systems at nuclear
power plants are a major concern in plant risk
assessments because of the relatively large
frequency of loss of offsite power ami the
dependence of most other safety systems on ac power,
detailed reviews of onsitc ac power system designs
and reviews of experience with diesel generators at
II. S. nuclear power plants form the basis of system
reliability analyses that show significant
improvements in reliability can he obtained at
moderate cost for some plants. Ons ite ac power
system mollifications analyzed include procedural
modifications, minor equipment mod i I' i cat ions and
major equipment additions. Itclalivc costs of
various modifications are compared with associated
system reliability improvements.
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This paper presents selected r e su l t s of a
r e l i a b i l i t y study of nuclear power plant emergency
ac power systems conducted under a contract with the
Nuclear Uegulatory Commission as part of the i r
effor t to resolve the issue of s ta t ion blackout.
Stat ion blackout is defined as complete loss of ac
power to the emergency buses at a plant . This
def in i t ion is extended to include s i tua t ions where
insuff icient ac power for core cool inn requirements
is avai lable to multiple reactor unit p lants . Almost
a l l II. S. nuclear power plants use diesel generators
as emergency ac power sources. In most cases, if
o f t s i t e power i s unavailable, one diesel generator
provides sufficient power for one uni t , but not for
two un i t s . Only ac power systems u t i l i s i n g diesel
generators are considered in t h i s paper.

This paper focuses .specifically on median
point estimates of system fai lure probability for
ons i te ac power system design configurations that
are most prevalent at operatiui! I1. S. nmlcar power
p lan t s . Design and procedure modi ficat ions that
affect the systems' r e l i a b i l i t i e s are postulated,
and the r e l i a b i l i t y improvement associated with each
modification to each system eonJigurat ion is
estimated. Consideration is given to re la t ive costs
associated with the various modifications.

The analysis of s ta t ion blackout consis ts of
assessing the frequency ol loss of o f l s i t e power
(Hef . I I , d e t e r m i n i n g t h e p r o b a b i l i t y t h e o n s i t e a>
power s y s t e m f a i l s t o supply s u f f i c i e n t ,ic power f o r
t h e d u r a t i o n o f the l o s s ol o t l s i t i - power n t . - l . J I .
and a n a l y z i n g t h e p lant r e s p o n s e t o s t a t i o n l>la<h«m
u s i n g 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 methods I Kef.
.? I . The o n s i t e ac power s y s t e m a n a l y s t s u t i l i z e d
d i e s e l g e n e r a t o r e x p e r i e n c e d a t a f o r t h e S u e - y e a r
p e r i o d from l'>7<> throuel i I ' P - O . D e t a i l e d J O S I L I I
r e v i e w s ot s e l e c t e d p l a n t s an.l plan? v i s i t s provioV.I
informal ion p e r t i n e n t t o o n s i w ac po»er sys tem
conf i gura l ion.->.

The o n s i t e ac power sys tem a n a l y s i s did not
focitb on a s i m u l t a n e o u s l o s s of c o o l a n t ai-c ioVnl
iLOt'A) and l o s s o f of ( s i t e poai'r . i s an m i I i .n i n"
e v e n t . U a t h e r , i t toi-usivl on l o s s ot* o 1 t s i t i > |tow«>r
mul p lan t t j ' a n s i e n t s indiii-ed In t h e l o s s ot o l l s i i e
power a s the i n i t i a t i n g e v e n t hasfd on c o n s i d e r a t i o n
of t h e r e l a t i v e f r e q u e n c i e s ol t h e s e two p o s s i b l e
i n i t i a t i n g e v e n t s . The a n a l y s i s i o n i s e d d i r e c t l y on
t h e most s i g n i f i c a n t c o n t r i h u t i o n s t o s y s t e m f a i l u r e
p r o b a b i l i t y . A number ot n iu ' l car power p lant r i s k
a s s e s s m e n t s have i d e n t i f i e d s t a t i o n b lackout a s a
major c o n t r i b u t o r t o r i s k I l l e l s . 4 , 1 ! . Those s.ine
r i s k a s s e s s m e n t s show t a i l u r e s ot emergency power
tli s t r i b u t i on s y s t e m etini|vnciit have a u c g l i M c
c o n t r i b u t i o n t o t h e s y s t e m I . i i l u r o p r o b a b i l i t y ; t l io
f a i l u r e p r o b a b i l i t y i s dominated by t h e p r o b a b i l i t y
ac power i s not a v a i l a b l e t o tin- emergency b u s e s .

l i e l i a h i l i t y Ana l y s i s Procedure

The o n s i t e .ic power s y s t * i n a l y s i s used f a u l t
t r e e s t o model t h e ac power sys tem f a i l u r e l o g i c ,
l i g n r e I p r e s e n t s a l . i u l t t r e e for <i t y p i c a l
s i n g l e - u n i t p lant w i t h two rediiiuiaut emergency ai'
power d i v i s i o n s . T h i s I . m l t I roe r e f l e c t s t h e
dependence o( d i e s e l e o i i o r a t o r s on s e r v i c e w a t e r t o r
c o o l i n g , and on dc }>owei l o r l o ^ i c and c o n t r o l
f u n c t i o n s . The emergency .ic di st rituit ion s y s t e m .it a
p lant depends on ^W' power from i t s a s s o c i a t e d dim

d i v i s i o n l o r breaker c o n t r o l po»or a s w e l l .
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