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A3STRACT 

ORNL has conducted a Nuclear  Power Op t ions  V i a b i l i t y  Study f o r  the  
Department of Energy. That s t u d y  is p r i m a r i l y  concerned w i t h  new 
t echno logy  which cou ld  be developed f o r  i n i t i a l  o p e r a t i o n  i n  t h e  
2000-2010 time frame. Such t echno logy  would have t o  compete no t  o n l y  
w i t h  coal o p t i o n s  but  w i t h  i n c r e m e n t a l l y  improved commercial l ight-water  
r e a c t o r s .  T h i s  s u r v e y  r e p o r t e d  here was unde r t aken  t o  g a i n  an 
u n d e r s t a n d i n g  of  the n u c l e a r  commercial t echno logy  l i k e l y  t o  be o f f e r e d  
i n  t h e  l a t e  1980s and pe rhaps  beyond. 

The three U,S. vendors  a c t i v e l y  marke t ing  NSSSs are each deve lop ing  a 
p roduc t  f o r  t h e  f u t u r e  which t h e y  e x p e c t  t o  be more r e l i a b l e ,  more 
m a i n t a i n a b l e ,  more economical ,  and safer t h a n  the  p r e s e n t  p l a n t s .  These 
are a l l  e s s e n t i a l l y  3800-MW(t) d e s i g n s ,  a l t h o u g h  a l l  are s t u d y i n g  
smaller p l a n t s .  They a p p a r e n t l y  w i l l  be o f f e r e d  as s t a n d a r d  p r e l i c e n s e d  
d e s i g n s  w i t h  much larger scope  t h a n  ear l ie r  NSSS o f f e r i n g s ,  wi th  the  
p o s s i b i l i t y  of  f i r m  p r i c e s .  

Westinghouse wi th  M i t s u b i s h i  Heavy I n d u s t r i e s  is deve lop ing  a comple t e ly  
new d e s i g n  ( A P W R )  t o  be b u i l t  i n i t i a l l y  i n  J a p a n ,  h o p e f u l l y  for 
o p e r a t i o n  by t h e  mid-1990s. Westinghouse is making a s t r o n g  e f f o r t  t o  
have t he  APWR l i c e n s e d  i n  the  U.S. as a s t a n d a r d  p l a n t .  

Combustion Eng inee r ing  (C-E) is e v a l u a t i n g  p o t e n t i a l  improvements t o  t he  
System-80 s t a n d a r d  d e s i g n  (CESSAR)  tha t  has a l r e a d y  r e c e i v e d  f i n a l  
d e s i g n  approva l  by the  NRC.  

General  E lec t r ic  ( G E ) ,  w i t h  Hitachi  and Tosh iba ,  is deve lop ing  a new 
d e s i g n  (ABWR) t ha t  i n c o r p o r a t e s  advanced f e a t u r e s  which have been proven 
by t h e  worldwide BWR s u p p l i e r s .  The ABWR is t o  be b u i l t  i n i t i a l l y  i n  
Japan ,  b u t  t he  d e s i g n  cou ld  be adap ted  t o  the Uni t ed  States.  

Westinghouse,  C-E, and GE have done some conceptual. e v a l u a t i o n  of 
reactors i n  t he  600-MW(e) class.  The Westinghouse concept  is a two-loop 
p l a n t  i n t e n d e d  f o r  f a c t o r y  assembly i n  a s h i p y a r d  and d e l i v e r y  t o  a s i t e  
by barge. The GE concept  is a m o d i f i c a t i o n  of  t he  ABWR w i t h  some 
a d d i t i o n a l  p a s s i v e  s a f e t y  f e a t u r e s .  The C-E d e s i g n s  r ange  from 
scaled-down System-80s t o  small n a t u r a l  c i r c u l a t i o n  PWRs. These 
concep t s  may be of i n t e r e s t  t o  DOE or E P R I  as "small" r e a c t o r s .  

vi i 





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

ORNL has  conducted a Nuclear Power Op t ions  V i a b i l i t y  S tudy  f o r  the 
Department o f  Energy. That s t u d y  was p r i m a r i l y  concerned w i t h  new 
t echno logy  which could be develcped f o r  i n i t i a l  o p e r a t i o n  i n  t he  
2000-2010 time f r ame ,  i n c l u d i n g  gas-cooled and sodium-cooled o p t i o n s .  

Such new t echno logy  would have t o  compete n o t  o n l y  w i t h  c o a l  o p t i o n s  b u t  
w i t h  i n c r e m e n t a l l y  improved commercial l ight-water  r e a c t o r s .  The s u r v e y  
of  t h i s  r e p o r t  was unde r t aken  t o  g a i n  an u n d e r s t a n d i n g  of the n u c l e a r  
commercial t echno logy  l i k e l y  t o  be o f f e r e d  i n  t h e  l a te  1980s. If 
commercial ly  s u c c e s s f u l ,  it might c o n t i n u e  t o  be  o f f e r e d  i n  t h e  1990s 
and beyond. 

The s u r v e y  b u i l d s  on i n f o r m a t i o n  o b t a i n e d  by t h e  a u t h o r  i n  c a r r y i n g  o u t  
an ea r l i e r  s t u d y  of n u c l e a r  t echqo logy  o p t i o n s .  The ear l ie r  data  were 
updated th rough  v i s i t s  t o  Combustion E n g i n e e r i n g  ( C - E ) ,  General  Electr ic  
( G E ) ,  and Westinghouse (W) d u r i n g  July-September 1984.  Some a d d i t i o n a l  
i n s i g h t s  were ga ined  by the  a u t h o r  th rough  v i s i t s  t o  s e v e r a l  u t i l i t i e s ,  
t h e  Nuclear  Regu la to ry  Commission ( N R C ) ,  and t h e  Electr ic  Power Research 
I n s t i t u t e  ( E P R I )  ove r  t h i s  p e r i o d .  

Vendor pe r sonne l  were h e l p f u l  i n  r e spond ing  t o  q u e s t i o n s  of 
c l a r i f i c a t i o n  posed d u r i n g  t h e  w r i t i n g  of t h e  r e p o r t .  Each vendor 
reviewed t h e  p o r t i o n  of the r e p o r t  d e a l i n g  w i t h  h i s  p r o d u c t s  a3 a 
f u r t h e r  check o f  accu racy .  

The r e p o r t  is d i v i d e d  i n t o  three major s e c t i o n s ,  each d e a l i n g  w i t h  one 
of t h e  three vendors  canvassed.  Each s e c t i o n  is s u b d i v i d e d  t o  cover  a 
g e n e r a l  d e s c r i p t i o n  of t h e  c o n c e j k s ,  their  commercial s t a t u s ,  s t r a t e g y  
f o r  c o n t r o l  o f  c o s t s ,  s a f e t y - r e l a t e d  p a r a m e t e r s ,  and l i c e n s i n g  
c o n s i d e r a t i o n s .  F i n a l l y ,  there  is  a brief o v e r a l l  summary. 
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2. ADVANCED PWR DESIGNS OE' THE WESTINGHOUSE ELECTRIC COMPANY 

The p roduc t  which Westinghouse c u r r e n t l y  o f f e r s  is a two- t o  f o u r - l o o p  
d e s i g n  t y p i f i e d  by t h e  P h i l l i p i n e  p l a n t  ( two-loop)  o r  t h e  Callaway p l a n t  
( four - loop) .  The c a p a c i t y  is i n  the r ange  600 t o  1250 MW(e). The 
proposed S izewe l l -8  d e s i g n  i s  the  most r e c e n t  o f  t h a t  class and is 
d i s c u s s e d  i n  Sect.  2 .1 ,  

Westinghouse is deve lop ing  a more advanced d e s i g n  ( A P W R )  f o r  a group o f  
J apanese  u t i l i t i e s .  The APWR is a 135O-MW(e) d e s i g n .  T h i s  r e p o r t  
p r e s e n t s  t h e  p u b l i c l y  a v a i l a b l e  data on the APWR (Sect.  2 .2) .  

Westinghouse is e x p l o r i n g  nove l  c o n f i g u r a t i o n s  f o r  its two-loop p l a n t  t o  
r e d u c e  c o s t  and c o n s t r u c t i o n  s c h e d u l e .  A barge-mounted concept  is 
described i n  Sect. 2.3. 

2.1 THE SIZEWELL-B REACTOR 

I n  t h e  ear ly  1970s, Westinghouse,  t o g e t h e r  w i t h  a group o f  U.S. 
u t i l i t i e s  and Bechtel, evo lved  a s t a n d a r d  PWR d e s i g n ,  S t a n d a r d i z e d  
Nuclear Un i t  Power P l a n t  System (SNUPPS) .  SNUPPS is a conven t iona l  
Westinghouse fou r - loop  r e a c t o r  w i t h  v e r t i c a l  U-tube steam g e n e r a t o r s  and 
is t y p i c a l  of t o d a y ' s  U.S. p l a n t s  (F ig .  2 .1) .  The first p l a n t  of t h i s  
series is Cal laway,  s chedu led  f o r  o p e r a t i o n  i n  ear ly  1985. 

SNUPPS i n c o r p o r a t e s  two independent  r e a c t o r  shutdown systems w i t h  a 
backup emergency b o r a t i o n  s y s t e m ,  two h igh-p res su re  and two 
i n t e r m e d i a t e - p r e s s u r e  emergency core c o o l i n g  pumps, and three d i v e r s e  
a u x i l i a r y  feedwater s u p p l y  s y s t e m s  t o  h e l p  remove r e s i d u a l  heat from t h e  
steam g e n e r a t o r s .  Most of these f g a t u r e s  are p r e s e n t  i n  o t h e r  
Westinghouse LWRs, and SNUPPS may 3e regarded as being t y p i c a l  of modern 
Westinghouse PWRs. The core-melt p r o b a b i l i t y  of these p l a n t s  as 
c a l c u l a t e d  by p r o b a b i l i s t i c  r i s k  a:ssessment ( P R A )  is  u s u a l l y  i n  t h e  
r ange  IO-'+ t o  per r e a c t o r  year'. 

An improved vers ion  o f  t h e  SNUPPS d e s i g n ,  and one i n  which t h e  g r e a t e s t  
a t t e n t i o n  has been g i v e n  t o  s a f e t y ,  was p repa red  by t he  C e n t r a l  
E l e c t r i c i t y  G e n e r a t i n g  Board (CEGB)  i n  the United Kingdom f o r  a p l a n t  
d e s i g n a t e d  Sizewell-8. To meet t h e  s t r i n g e n t ;  r e q u i r e m e n t s  posed by t h e  
h i g h  p o p u l a t i o n  d e n s i t y  i n  t h e  v i c i n i t y  o r  t he  s i t e ,  t h e  CEGB made a n  
i n t e n s i v e  f i v e - y e a r  s t u d y  of t h e  reactor sa fe ty  problems and t h e  
measures t h a t  might be t a k e n  t o  minimize t he  p r o b a b i l i t y  of an a c c i d e n t .  
T h i s  s t u d y  was e x c e p t i o n a l l y  thorough and i n c l u d e d  the e x p l o r a t i o n  of a 
wide r a n g e  of  p o s s i b i l i t i e s  and much new d e s i g n  work. 

The Sizewell-B d e s i g n  has added  t h e  f o l l o w i n g  f e a t u r e s  t o  enhance s a f e t y  
above t h a t  of  the SNUPPS (Cal laway)  d e s i g n :  

1. Four h igh -p res su re  s a f e t y  i n j e c t i o n  ( H P S I )  pumps dedicated t o  
s a f e t y ,  each w i t h  heads  lower t h a n  2000 p s i  and w i t h  h i g h e r  flow 
volumes t h a n  Callaway's. The a c t u a t i o n  of the H P S I  pumps will 
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F i g .  2.1 Reactor v e s s e l  i n t e r n a l s  of l a r g e  PWR p l a n t s .  

Source:  Westinghouse E l e c t r i c  C o r p o r a t i o n ,  Systems Summary of a 
Westinghollse P r e s s u r i z e d z t e r  Reac to r  Nuclear Power P l a n t ,  
( P i t t s b u r g h ,  Pennsy lvan ia ,  1 9 7 1 ) ,  p .  iI0 ( r ep roduced  w i t h  
p e r m i s s i o n ) .  
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a u t o m a t i c a l l y  s h u t  down t h e  h i g h e r  head c h a r g i n g  pumps, t h u s  
p r e v e n t i n g  o v e r p r e s s u r i z a t i o n  i n  o v e r c o o l i n g  t r a n s i e n t s .  

2 .  Four accumula to r s ,  any two of which are s u f f i c i e n t  f o r  c o r e  c o o l i n g  
a t  the  600 p s i  p r e s s u r e  r a n g e  ( i n s t e a d  of the  r e q u i r e d  three a t  
Ca l l away) .  

3. Four low-pressure pumps t o  r e c i r c u l a t e  water fo r  c o r e  c o o l i n g  a t  
low p r e s s u r e s  and f o r  t he  containment  s p r a y s .  These pumps are 
dedicated t o  r e s i d u a l  heat r e a o v a l .  I n  a d d i t i o n ,  t h e  h igh -p res su re  
H P S I  s u c t i o n  is  a u t o m a t i c a l l y  switched t o  t he  containment  sump when 
t h e  r e f u e l i n g  water s t o r a g e  t a n k  is low. I n  o l d e r  Westinghouse 
r e a c t o r s ,  i n c l u d i n g  SNUPPS, such  s w i t c h i n g  t o  t h i s  backup s o u r c e  
of  water must be done manually.  

4 .  An a d d i t i o n a l  s team-driven a u x i l i a r y  feed pump, i n  a d d i t i o n  t o  the  
two e l e c t r i c  pumps used i n  SNJPPS. A l l  t he  pumps are  far ther  a p a r t  
t h a n  a t  Callaway and are ,  t h e - e f o r e ,  l e s s  s u b j e c t  t o  common-mode 
f a i l u r e .  

5. Four diesel  g e n e r a t o r s  ( i n s t e a d  of two) t o  p rov ide  emergency power 
i n  t h e  case of l o s s  of o f f - s i t e  power. 

6. A microprocessor-based reactot-  p r o t e c t i o n  system backed up by a 
secondary  p r o t e c t i o n  system based on s o l i d - s t a t e  switches,  

7. An emergency b o r a t i o n  system ,as a backup r e a c t o r  t r i p  system t o  
cope w i t h  a n t i c i p a t e d  t r a n s i e n t s  w i thou t  scram. 

5 .  An e x t r a  d i e s e l - d r i v e n  emergency c h a r g i n g  pump t o  make up f o r  pump 
sea l  l e a k a g e  d u r i n g  s t a t i o n  b l a c k o u t .  

9. An a d d i t i o n a l  i s o l a t i o n  v a l v e  between the h i g h - p r e s s u r e  r e a c t o r  
c o o l i n g  s y s t e m  and t h e  low-pres su re  r e s i d u a l  heat removal system t o  
minimize t h e  chance of t he  containment  bypass  a c c i d e n t  sequence 
(the so-called \I sequence )  I 

10. Connect ions t o  p rov ide  water from f i r e  pumps t o  containment s a f e t y  
f e a t u r e s .  

1 1 .  C o n s t r u c t i o n  of r i n g  f o r g i n g s  w i t h  no major welds i n  t he  b e l t l i n e  
r e g i o n  of t h e  r e a c t o r  p r e s s u r e  v e s s e l  t o  minimize t he  chance of 
v e s s e l  b r i t t l e  f a i l u r e  due t o  i r r a d i a t i o n  and o v e r c o o l i n g  
t r a n s i e n t s .  

12 .  A s econda ry  containment  vessey- t o  f u r t h e r  r educe  t h e  p r o b a b i l i t y  of 
an escape of  r a d i o a c t i v e  material t o  t h e  environment .  

The P R A  fo r  t h e  Sizewell-R r e a c t o r  g i v e s  a mean core-melt  p r o b a b i l i t y  of 
1 . I  x per  r e a c t o r  year (Table  2.1 ) ,  about  two o r d e r s  of magnitude 
below t h a t  of a t y p i c a l  U . S .  r e a c t o r .  The r i s k  i s  dominated by 
l o s s - o f - c o o l a n t  a c c i d e n t s .  The p r o b a b i l i t y  of a l a r g e  release of 
r a d i o a c t i v i t y  i s  estimated t o  be 3 x IOe8 per r e a c t o r  y e a r .  The 
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Table 2 , l .  PRA f o r  t h e  Sizewell-B r e a c t o r  
c o r e  melt by i n i t i a t i n g  e v e n t  

-.-.______. _.._ 1_1___-.--.- 

Core melt Pe rcen tage  of t o t a l  
f r equency  c o r e  melt f r equency  .--..I. ~ 

I n i t i a t i n g  event  -_._I__ 1__1_ 

Large LOCA 1 .83E-07 15.8 
Medium LOCA 2. S8E-07 22.2 
Sma1.1 LOCA 3 . 8 3 ~ 0 7  33.0 

Steam g e n e r a t o r  t u b e  1.91 E-08 1.6 

Secondary s i  de break 2.32E-08 2 . 0  

Secondary s i d e  break 3.54E-08 3.0 

r u p t u r e  

i n s i d e  containment 

o u t s i d e  containment  

Loss of main f eedwa te r  1.58E-08 
C losu re  of one MSIV 5.71E-11 
Loss of RCS flow 8.1 1 E-1 1 

1.4 
<0.01 
<0.01 

Core power excursion 5.1 1 E-1 2 <0.01 

Spur ious  s a f e t y  i n j e c t i o n  1.44E-IO 0.01 
Turbine t r i p  8.36E-10 0.07 

Reactor t r i p  8.54E-10 
ATWS 1 . YE-07 
Loss of o f f  s i t e  power/ 6.03E-09 

t u r b i n e  t r i p  

0.07 
11.8 

0.5 

I n t e r f a c i n g  systems LOCA 2.37E-09 0 . 2  
LOCA beyond c a p a c i t y  of ECCS 1.00E-07 8.6 

TOTAL 1 .16E-06 100.0 

cumula t ive  impact of t h e  measures des igned  t o  improve s a f e t y  beyond t h a t  
of t h e  s t a n d a r d  SNUPPS d e s i g n  h a s  been e s t i m a t e d  t o  i n c r e a s e  t h e  power 
p l a n t  cap i t a l  c o s t  about  20%. 

2.2 THE A D V A N C E D  PRESSURIZED WATER REACTOR ( A P W R )  

2 .2 .1 .  General  Desc r iDt ion  

The s t a t e d  o b j e c t i v e s  of APWH are: 
- improved o p e r a b i l i t y ,  
- improved a v a i l a b i l i t y ,  
- low economic and p u b l i c  r i s k ,  
.- reduced o c c u p a t i o n a l  exposure ,  and 
- reduced cap i t a l  and o p e r a t i n g  c o s t s .  
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The APWR c o n t a i n s  a number of  i n n o v a t i o n s  when compared t o  ear l ier  
Westinghouse f o u r - l o o p  d e s i g n s :  

- The r e a c t o r  v e s s e l  is l o n g e ? ,  w i t h  t h e  c o o l a n t  nozzles  much 
higher  above the  c o r e .  (Compare F ig .  2.2 w i t h  F i g .  2 .1 ) .  T h i s  
p r o v i d e s  a d d i t i o n a l  margin for  l o s s - o f - c o o l a n t  accidents. 

- The c o r e  c o n t a i n s  193 f u e l  a s s e m b l i e s ,  each c o n t a i n i n g  19 x 19 
r o d s .  T h i s  p r o v i d e s  stretcrl c a p a b i l i t y  t o  4200 M W ( t )  but a l s o  
r e p r e s e n t s  more c o n s e r v a t i v e  thermal d e s i g n  margins  ( r educed  
power d e n s i t y )  t h a n  used i n  ear l ier  d e s i g n s .  

- The n e u t r o n  spectrum is c o n t r o l l e d  th rough  movable z i r c o n i a  rods 
which d i s p l a c e  water. Abou: 15% of t h e  moderator  water is 
d i s p l a c e d .  Secondary c o n t r o l  is w i t h  g r a y  rods .  T h i s  c o n t r o l  
system r e d u c e s  f u e l  c o s t  and r e d u c e s  or e l i m i n a t e s  use  of  
d i s s o l v e d  boron. 

- There is a radial  n e u t r o n  r l 3 f l e c t o r  ( s t e e l )  t o  r educe  f u e l  c o s t  
and r e a c t o r  v e s s e l  f l u e n c e .  

- The containment  v e s s e l  is a. large 197- f t  diameter s t ee l  s p h e r i c a l  
s h e l l ,  similar t o  t h e  KMU d e s i g n s  or  t h e  TVA Yellow C r e e k  d e s i g n .  
T h i s  approach leads  t o  addi . ; ional  s p a c e  f o r  maintenance and 
improved working c o n d i t i o n s  f o r  c o n s t r u c t i o n .  ( A  s p h e r i c a l  s h e l l  
p r o v i d e s  more volume per  u n i t  weight or c o s t  of s t r u c t u r e  
compared t o  a c y l i n d r i c a l  she l l . )  

- The steam g e n e r a t o r  d e s i g n  is be ing  improved t o  c o n t a i n  
r e l a t i v e l y  c o r r o s i o n - r e s i s t a n t ,  low-cobal t  Inconel-690 t u b e s ,  
improved s l u d g e  c o l l e c t i o n ,  p r e s i e e v e d  t u b e s  a t  t he  t u b e  sheets, 
and c o r r o s i o n - r e s i s t a n t  t u b e  sheet and t u b e  s u p p o r t  materials. 

- A l a r g e  p r e s s u r i z e r  is b e i n g  s u p p l i e d  t o  p rov ide  for f u l l  load 
r e j e c t i o n  w i t h o u t  a c t u a t i n g  p r e s s u r e  re l ie f  v a l v e s .  

- The i n s t r u m e n t a t i o n  and con'x-ol system uses  m i c r o p r o c e s s o r s ,  
m u l t i p l e x i n g ,  f i b e r  o p t i c s ,  and cathode-ray t u b e  d i s p l a y s .  Four 
channe l s  are p rov ided ,  w i t h  a u t o m a t i c  t e s t i n g  of one channel  
performed whi le  t h e  r ema in ing  three p rov ide  two-of-three 
c o i n c i d e n c e  mon i to r ing .  The s t a t u s  of a l l  s e n s o r s  is 
communicated t o  t h e  p l a n t  computer f o r  d i a g n o s t i c  and d i s p l a y  
pur poses  . 

- C o n t r o l  and sa fe ty  sys t ems  ;ire separated t o  i n c r e a s e  r e l i a b i l i t y  
and t o  r educe  r i s k  of common-mode fa i lures  I 

The APWR is estimated t o  a c h i e v e  s a v i n g s  of 23% i n  uranium u t i l i z a t i o n ,  
30% i n  enr ichment  work, and 20% i n  o v e r a l l  f u e l  c o s t .  Most of  these 
s a v i n g s  are o b t a i n e d  th rough  the s p e c t r a l  s h i f t  c o n t r o l  f e a t u r e .  
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F i g .  7 . 2  The APWR vesse l .  



9 

2 .2 .2  Commercial S t a t u s  

The APWR development is s u p p o r t e d  th rough  a seven-pa r ty  c o n t r a c t  s i g n e d  
(August 1982) by f i v e  Japanese  u t i l i t i e s  (headed by K a n s a i ) ,  M i t s u b i s h i  
Heavy I n d u s t r i e s  ( M H I ) ,  and Westinghouse (W). The $150 m i l l i o n  
development c o s t s  are shared by  the u t i l i  t i e s ,  t h e  Japanese  Government 
( M I T I ) ,  M H I ,  and Westinghouse.  Westinghouse and M M I  a r e  t o  deve lop  a 
t o t a l  p l a n t  d e s i g n ,  i n c l u d i n g  the  v e r i f i c a t i o n  t e s t i n g  of major. 
components. 

Design r e s p a n s i b i l i t i e s  are  shared as f o l l o w s :  

W - Core, r e a c t o r  v e s s e l  i n t e r n a l s ,  r e f l e c t o r ,  d i s p l a c e d  r o d  
d r i v e s ,  r e f u e l i n g  equipment ,  r e a c t o r  pumps and c o o l a n t  
sys t em,  and t r a n s i e r . t / a c c i d e n t  a n a l y s i s .  

MHI - Reactor  v e s s e l ,  p r e s s u r i z e r  and p i p i n g ,  c o n t r o l  room, 
e l ec t r i ca l  s y s t e m s ,  and p l a n t  l a y o u t .  

W / M H I  - Design i n t e g r a t i o n ,  steam g e n e r a t o r ,  and f l u i d  systems.  

The p r e l i m i n a r y  d e s i g n  of t h e  RPWR is v i r t u a l l y  complete .  The 
i n t e r m e d i a t e  d e s i g n  is schedu led  t o  be completed by the  end of 1985. 

T e s t i n g  of  c o r e ,  r e a c t o r ,  and  steam g e n e r a t o r  components have been 
underway i n  Japan  and i n  t h e  U.S. These shou ld  be completed by 1987. 

Westinghouse hopes fo r  s i t e  s e l e c t i o n  i n  1985, a f i r m  o r d e r  by 1986, and 
o p e r a t i o n  by 1993-94 e 

Westinghouse has i n i t i a t e d  o t h e r  a c t i v i t i e s  i n t e n d e d  t o  open 1J.S. and 
European markets t o  t he  APWR. T h i s  i n c l u d e s  d e s i g n  r e v i e w ,  w i t h  
Westinghouse feedback, by a group of U.S. u t i l i t i e s ,  a group of Be lg ian  
u t i l i t i e s ,  and an a r c h i t e c t - e n g i r e e r .  I n  a d d i t i o n ,  Westinghouse has 
i n i t i a t e d  a l i c e n s i n g  program w i t h  t h e  NRC ( S e c t .  2 . 2 . 5 ) .  The i n t e n t  of 
t h i s  e f f o r t  is t o  e s t a b l i s h  an approved s t a n d a r d  d e s i g n  i n  the U.S. The 
s t a n d a r d  d e s i g n  is expec ted  t o  b& similar t o  t he  Japanese  d e s i g n  excep t  
f a r  r educed  seismic l e v e l .  Apprcximately 70% of t h e  p l a n t  drawings 
would be available a t  t h e  c o n s t r L c t i o n  pe rmi t  s t a g e .  

Westinghouse has o f f e r e d  f i r m - p r i c e  c o n t r a c t s  f o r  about  80% of a p l a n t  
a b r o a d ,  and would be prepared t o  o f f e r  f i rm  p r i c e  and s c h e d u l e  i n  t he  
U.S. f o r  similar scope  given a s L i t a b l e  l i c e n s i n g  climate. Westinghouse 
can  s u p p l y  t o t a l  p r o j e c t  management, the  n u c l e a r  steam s u p p l y  sys t em,  
s a f e t y - r e l a t e d  ba l anee -a f -p l an t  ( B O P )  s y s t e m s ,  t he  c o n t r o l  room w i t h  all. 
a s s o c i a t e d  s y s t e m s ,  d e s i g n  and c c n s t r u c t i o n  of t he  n u c l e a r - r e l a t e d  
p o r t i o n s  of  the p l a n t ,  assuming s u p p o r t  from s u b c o n t r a c t  
architect-engineer-constructors. Some U.S. f i r m s  are w i l l i n g  t o  p r o v i d e  
f i r m - p r i c e  s u b c o n t r a c t  s e r v i c e s .  

Westinghouse is a l s o  p repa red  t o  c a r r y  o u t  a lesser role, depending on 
t h e  p r e f e r e n c e s  of the  u t i l i t y  cu.stomer. 
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2 .2 .3  Cost C o n s i d e r a t i o n  

The c a p i t a l  c o s t  t ,arget f o r  APWR i s  a 15% reducLion i n  cap i ta l  c o s t s  
[$/kW(e)] rei-ative t o  ear l ie r  Japanese  n u c l e a r  p l a n t s .  T h i s  w i l l  be a 
d i f f i c u l t  t a r g e t  s i n c e  t h e r e  are  added c o s t s  due  t o  a number of new 
safe ty  f e a t u r e s ,  d e s c r i b e d  i n  S e c t .  2 .2 .4 .  F e a t u r e s  which c o n t r i b u t e  t o  
a reduced c a p i t a l  c o s t  i n c l u d e :  

- s i m p l i f i e d  f l u i d  systems d e s i g n s  

-- e l i m i n a t i o n  of  some s y s t e m s ,  e . g . ,  t h e  boron systems may be 
e l i m i n a t e d  o r  reduced i n  s c o p e ,  

- e l i m i n a t i o n  of  s a fe ty - sys t em i n t e r c o n n e c t i o n s ,  

- m u l t i p l e x i n g  t h e  i n s t r u m e n t s  and c o n t r o l s ,  

- n nonsaf 'ety s t a r t - u p  f eedwa te r  s y s t e m ,  

- s t a n d a r d  des ign  s u p p l y i n g  70% of  t h e  drawings a t  t h e  beg inn ing  of 
c o n s t r u c t  i o n ,  

- b e n e f i t s  of  scale of 1350-MW(e) plant, r e l a t i v e  t o  smaller c u r r e n t  
p l a n t s  

The d e s i g n  program has no t  been completed,  bu t  Westinghouse b e l i e v e s  i t  
is  making p r o g r e s s  toward t h e  c a p i t a l  c o s t  g o a l .  

The f u e l  c o s t  t a r g e t  f o r  APFJH is a 20% r e d u c t i o n  from p r e s e n t  c o s t  
l e v e l s .  T h i s  a p p e a r s  t o  be a c h i e v a b l e  from t h e  spec t ra l  s h i f t  c o n t r o l  
and t h e  use of r e f l e c t o r s .  

An ambi t ious  p l a n t  a v a i l a b i l i t y  t a r g e t  of 90% is t o  be ach ieved  by t h e  
f o l l o w i n g  means : 

- r e f u e l i n g  cycle  extended t o  18-24 months,  

- r e f u e l i n g / m a i n t e n a n c e  ou tage  reduced from 75 days ( t y p i c a l  f o r  
J a p a n )  t o  45 days  th rough  e x t e n s i v e  au tomat ion  of f u e l  h a n d l i n g ,  
f u e l  i n s p e c t i o n ,  and steam g e n e r a t o r  i n s p e c k i o n ,  

- improved steam g e n e r a t o r s ,  

- more rugged f u e l  a s s e m b l i e s ,  

- f u l l - l o a d  r e j e c t i o n  c a p a b i l i t y  ( f u r t h e r  r e d u c i n g  t h e  low Japanese  
occur rence  of t r i p s ) ,  

- o n - l i n e  t e s t i n g  and c a l i b r a t i o n  of i n s t r u m e n t s .  
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2.2.4 S a f e t v  C o n s i d e r a t i o n s  

The o v e r a l l  s a f e t y  phi losophy o f  t’ie APWR is similar t o  that  of ear l ier  
f o u r - l o o p  Westinghouse d e s i g n s  such as SNUPPS but  t h e  d e t a i l s  have been 
s u b s t a n t i a l l y  s t r e n g t h e n e d ,  as f o l l o w s :  

- The i n c r e a s e d  volume of  p r i m a r y  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  
above the  c o r e  i n c r e a s e s  t h e  time a v a i l a b l e  t o  deal  w i t h  l o s s  of 
c o o l a n t .  

- Lower c o r e  power d e n s i t y  i n c r e a s e s  s a f e t y  margins .  

- There are  f o u r  complete  t r a l n s  of mechanical  equipment i n  t he  
s a f e g u a r d  system. 

- A l a r g e  emergency water s t o r a g e  t a n k  is p rov ided  i n s i d e  
containment  as the water s o u r c e  f o r  f o u r  s a f e t y  i n j e c t i o n  pumps, 
This  s t o r a g e  t a n k  a u t o m a t i c a l l y  g e t s  steam g e n e r a t o r  t u b e  rwp tu re  
f l o w s .  

- Containment sumps are  kep t  f i l l e d  w i t h  water t o  i n c r e a s e  
a v a i l a b l e  heat c a p a c i t y .  

- S a f e t y  and c o n t r o l  systems i r e  separated t o  i n c r e a s e  r e l i a b i l i t y  
and r educe  common-mode f a i l u r e s .  

- Four separate and hardened compartments are pr*ovided t o  house 
high- and low-pressure sa fe t . y  i n j e c t i o n  pumps, T h i s  f e a t u r e  
r e d u c e s  t h e  l i k e l i h o o d  of  r a d i o a c t i v i t y  release t o  t he  atmosphere 
and makes s a b o t a g e  of t h e  s z f e t y  sys t ems  ve ry  d i f f i c u l t .  

- The c o n t r o l  room is improved, w i t h  improved d i a g n o s t i c  
c a p a b i l i t i e s .  

- The l a r g e r  p r e s s u r i z e r  and c o r e  p rov ide  f o r  improved r e s p o n s e  t o  
t r a n s i e n t s .  

- The l a r g e  dry containment  v e s s e l  is c o n s e r v a t i v e l y  des igned .  

- The steam g e n e r a t o r  s econdary  s i d e  water i n v e n t o r y  is c o n t r o l l e d  
a u t o m a t i c a l l y .  

- There is i n j e c t i o n  of  p r e s s u r i z e d  water t o  r e a c t o r  c o o l a n t  pump 
seals. 

- The r e a c t o r  v e s s e l  n e u t r o n  f l u e n c e  is reduced.  

- The o v e r a l l  improvements i n  p l a n t  a v a i l a b i l i t y ,  r e l i a b i l i t y ,  and 
m a i n t a i n a b i l i t y  t r a n s l a t e  i n t o  improved sa fe ty .  

The improved s a f e t y  p r o t e c t s  n o t  o n l y  t h e  p u b l i c  b u t  a l s o  the u t i l i t y  
i n v e s t o r .  
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Westinghouse has performed a comparat ive P R A  of t h e  APWR and a 
c o n v e n t i o n a l  PWR fo r  i n t e r n a l  e v e n t s .  The r e s u l t s  are  shown i n  F i g .  2.3. 
The i n t e r n a l  r i s k  i n  t h e  APWII a p p e a r s  t o  be dominated by t h e  
s t eam-gene ra to r  t u b e  b reak  a c c i d e n t ,  i t s e l f  a t  t h e  ve ry  low l e v e l  of 
lo- '  c o r e  m e l t s / r e a c t o r  year. The r e p o r t e d  t o t a l  r i s k  from i n t e r n a l  
e v e n t s  of l e s s  t h a n  2 x lO- ' / reactor  year is wel l  below West inghouse 's  
t a r g e t  of 1 x 1 0 - 6 / r e a c t o r  year o v e r a l l  r i s k  from the  A P W R .  E x t e r n a l  
even t  a n a l y s i s ,  which is s i t e  s p e c i f i c ,  w i l l  be c a r r i e d  o u t  l a t e r .  

'l'he APWR h a s  an ambi t ious  t a r g e t  of 100 m a n - r e d y e a r ,  wel l  below t h e  
l e v e l s  expe r i enced  a t  J apanese  PWR p l a n t s  i n  t h e  p a s t  ( F i g .  2 .4)  and 
even f a r t h e r  below U.S. e x p e r i e n c e  ( F i g .  2 . 5 ) .  The p l a n t  f e a t u r e s  t o  
ach ieve  t h i s  t a r g e t  are as foll.ows: 

- fewer r e f u e l i n g / m a i n t e n a n c e  o u t a g e s ,  

- use  of low-cobalt, materials,  e s p e c i a l l y  i n  steam g e n e r a t o r  
t u b i n g ,  

- more r e l i a b l e  equipment,  

- greater ,  u se  of automation i n  i n s p e c t i o n  and steam g e n e r a t o r  t u b e  
r e p a i r ,  

-^ bet te r  p l a n t  l a y o u t ,  g r e a t e r  a c c e s s i b i l i t y  f o r  maintenance and 
use  of s h i e l d i n g .  

I n  an ea r l i e r  v e r s i o n ,  t he  APWR had a d e d i c a t e d ,  p a s s i v e  steam condenser 
t o  p rov ide  decay heat  renioval and t o  deal w i t h  steam g e n e r a t o r  t u b e  
r u p t u r e s .  T h i s  has now been r e p l a c e d  w i t h  t h e  in-containment  emergency 
water s t o r a g e  t a n k  and an emergency f eedwa te r  s y s t e m ,  T t  was s ta ted  
t h a t  t h e  d e f i c i e n c i e s  of t he  passive steam condenser r e l a t i v e  t o  t h e  
present d e s i g n  were: 

- I t  was s l i g h t l y  more expens ive .  

- I t  reduced r i s k  by a l e s s - than -expec ted  f a c t o r ,  e s p e c i a l l y  fo r  
steam- 1 i ne b reaks  . 

- I t  l a c k e d  d i v e r s i t y .  

- U.S. u t i l i t i e s  were n e g a t i v e  about  i t .  

.- The ACRS suppor t ed  the  p a s s i v e  s y s t e m  but  c o n s i d e r e d  t h e  a c t i v e  
sys t em a c c e p t a b l e .  

2.2.5 L icens ing  C o n s i d e r a t i o n s  

Westinghouse is  pur su ing  t h e  l i c e n s i n g  o b j e c t i v e s  of  p r e l i m i n a r y  d e s i g n  
approva l  by N R C  f o r  t h e  APWH by 1986 and f i n a l  d e s i g n  approva l  by 1988 
th rough  rulemaking.  A t  t h a t  p o i n t  a s t a n d a r d  " n u c l e a r  power block" 
d e s i g n  would be pr-eapproved, t o g e t h e r  w i t h  complete s p e c i f i c a t i o n  of  
r e s i d u a l  s a f e t y  i n t e r f a c e  r e q u i r e m e n t s .  
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C u r r e n t l y ,  t h e  N R C  s t a f f  and t h e  ACRS are invo lved  r ev iewing  "modulesf1 
of t h e  APWR. 
n u c l e a r  power b l o c k )  address i n t e r f a c e  r equ i r emen t s  i n  each case. The 
sum of t h e  16  modules,  w i t h  some c o n n e c t i n g  l anguage ,  w i l l  c o n s t i t u t e  a 
P r e l i m i n a r y  S a f e t y  Ana lys i s  Repor t .  

These modules (of which 16 w i l l  c o n s t i t u t e  t h e  complete 

I n  t o t a l ,  Westinghouse w i l l  address a l l  a p p l i c a b l e  N H C  r e g u l a t i o n s ,  TMI 
i s s u e s ,  un reso lved  s a f e t y  i s s u e s ,  g e n e r i c  i s s u e s ,  t h e  proposed s e v e r e  
a c c i d e n t  p o l i c y ,  and w i l l  i n c l u d e  a P R A .  I n  t h e  e v e n t  of a f i r m  p l a n t  
o r d e r ,  t h e  de t a i l ed  p l a n t  d e s i g n  cou ld  r e s u l t  i n  a F i n a l  S a f e t y  A n a l y s i s  
Report  and a NRC-approved s t a n d a r d  d e s i g n .  

2.3 THE TWO-LOOP BARGE-MOUNTED PLANT 

The Westinghouse two-loop p l a n t s  of 500- t o  600-Mld(e) r a t i n g  have had 
e x c e p t i o n a l l y  good performance r e l a t i v e  t o  o t h e r  Westinghouse and o t h e r  
LWR p l a n t s  g e n e r a l l y .  Both c a p i t a l  c o s t  and o v e r a l l  power c o s t  
e x p e r i e n c e  have been f a v o r a b l e  r e l a t i v e  t o  e x p e r i e n c e  wit,h l a r g e r  
p l a n t s ,  i n  a p p a r e n t  d e f i a n c e  of s c a l i n g  laws. (One f a c t o r  r e s p o n s i b l e  
f o r  t h e  good performance may be t h e  c o i n c i d e n c e  t h a t  t h e s e  p l a n t s  were 
purchased by u t i l i t i e s  t h a t  have d i s p l a y e d  h i g h - q u a l i t y  management and 
o p e r a t i o n . )  Westinghouse has  r e c e n t l y  designed and b u i l t  a two-loop 
p l a n t  i n  t h e  P h i l i p p i n e s  a n d ,  t h e r e f o r e ,  has an up-to-date two-loop 
d e s i g n .  

Westinghouse has  c a r r i e d  o u t  s t u d i e s  of barge-mounted two-loop p l a n t s ,  
most r e c e n t l y  f o r  EPRX. An ea r l i e r  v e r s i o n  p l aced  t h e  n u c l e a r  and 
t u r b i n e  p l a n t s  on two s e p a r a t e  ba rges  which cou ld  be f l o a t e d  t o  t h e  s i t e  
and permanently emplaced i n  ho r i zon ta l .  t u n n e l s  carved o u t  of a h i l l s i d e .  
The c u r r e n t  v e r s i o n  has  o n l y  t h e  n u c l e a r  p l a n t  on t h e  barge ( F i g s ,  2 .6  
and 2 . 7 ) .  The o v e r a l l  s i z e  of t h e  f a c i l i t y  is comparable t o  t h a t  of a 
merchant vessel I 

The o b j e c t i v e s  of t h i s  approach a re  low c o s t ,  s h o r t  c o n s t r u c t i o n  
schedule  ( f o u r  y e a r s ) ,  f a c t o r y  q u a l i t y  a s s u r a n c e  (at; a s h i p y a r d ) ,  and 
low r i s k  t o  t h e  buye r s .  The p l a n t s  would be b u i l t  t o  a p r e l i c e n s e d  
s t a n d a r d  d e s i g n .  The n u c l e a r  i s l a n d  would be f a c t o r y  made and 
t r a n s p o r t e d  t o  t h e  s i t e  f o r  permanent emplacement. The ba lance  of  p l a n t  
would be bui1.L on s i t e .  

P r e l i m i n a r y  s t u d i e s  i n d i c a t e  t h e  concept  would be c o m p e t i t i v e  i n  c o s t  
w i t h  l a r g e  n u c l e a r  p l a n t s ,  and 0perabl.e by t h e  mid-1990s ( F i g .  2 .8) .  
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3. ADVANCED PWR DESIGNS OF COMBUSTION E N G I N E E R I N G ,  I N C ,  

The product  which C-E c u r r e n t l y  o l - f e r s  is  t h e  System-80 n u c l e a r  steam 
s u p p l y  system (NSSS). Designs of 3800 and 2800 M ' u J ( t )  are a v a i l a b k .  
The f i r s t  System-80 p l a n t  t o  be completed w i l l  be Palo Verde which 
c o n t a i n s  three 3800 MW(t) [1270-MN(e)] u n i t s .  The System-813 d e s i g n  has 
r e c e i v e d  f i n a l  d e s i g n  approva l  from t h e  NXC v i a  t h e  C-E S t a n d a r d  Safe ty  
A n a l y s i s  Report  (CESSAR).  System-80 is d e s c r i b e d  i n  Sect.  3.1. 

C - E ' s  e f f o r t s  on f u t u r e  p l a n t s  are c o n c e n t r a t e d  on upgrading c e r t a i n  
a s p e c t s  of t h e  System-80 d e s i g n  t o  i n c r e a s e  r e l i a b i l i t y ,  decrease c o s t s ,  
and p rov ide  g r e a t e r  a s s u r a n c e  of s a fe ty .  To a c e r t a i n  extent ; ,  
m o d i f i c a t i o n s  may be r e q u i r e d  t o  s a t i s f y  new NKC r e g u l a t i o n s ,  but  t h e  
p r i m a r y  d r i v i n g  f o r c e  for. changes would be i n n o v a t i o n  based on 
c o n s t r u c t i o n  and o p e r a t i n g  e x p e r i e n c e .  The fur ther  e v o l u t i o n  of t h e  
System-80 d e s i g n  is descr ibed i n  S e c t .  3.2. 

3.1 THE SYSTEM-80 S T A N D A R D  PLANT 

3. I . I  General  D e s c r i p t i o n  

Tile l a r g e  System-80 p l a n t  is a PWR r a t ed  a t  3800 M W ! t ) .  The d e s i g n  has 
evo lved  from ear l ie r  C-E d e s i g n s ,  and c o n t a i n s  two steam g e n e r a t o r s  and 
f o u r  pr imary pumps ( F i g .  3.1 1. The s t a n d a r d  CESSAR p l a n t  can be 
accommodated i n  a c y l i n d r i c a l  con ta inmen t ,  as a t  Palo Yepde, o r  i n  a 
s p h e r i c a l  s h e l l ,  as a t  t h e  cance led  TVA Yellow C r e a k  p l a n t  ( F i g .  3 .2) .  
The advan tages  of a s p h e r i c a l  containment  were d e s c r i b e d  i n  Sect.  2.2.1. 

The System-80 c o r e  u t i l i z e s  t h e  i n c r e a s e d  area of the 1 6  x 1 6  f u e l  
assembly. Parameters are l i s t e d  i n  T a b l e  3.1. S u b s t a n t i a l l y  more 
c o n t r o l  e lement  f i n g e r s  are provided t o  i n c r e a s e  the  f l e x i b i l i t y  of 
zon t ro l  d u r i n g  o p e r a t i o n .  

The s i z e  of  the  p r e s s u r i z e r  is l a r g e  r e l a t i v e  t o  ear l ie r  d e s i g n s  t o  
permit t h e  system t o  r e spond  t o  loss of e l e c t r i c a l .  l o a d  wi thou t  
e x c e s s i v e  pr imary s y s t e m  p r e s s u r e .  The System-80 p l a n t  does n o t  r e q u i r e  
power-operated re l ie f  v a l v e s  s u c h  as the one which f a i l e d  t o  close 
d u r i n g  t h e  TMI-2 a c c i d e n t  a 

The System-80 o f f e r i n g  i n c l u d e s  a fou r -channe l  r e a c t o r  p r o t e c t i o n  sys t em"  
A two-of-four c o i n c i d e n c e  is r e q u i r e d  t o  a c t u a t e  sa fe ty  sys t ems .  When 
one channe l  is  t aken  o f f  l i n e  f o r  t e s t j n g ,  the  r ema in ing  c h a n n e l s  
p r o v i d e  two-of- three co inc idence .  System-80 a l s o  c o n t a i n s  b o t h  a p l a n t  
computer and a core-moni t o r i n g  computer*. 

One o p t i o n  o f f e r e d  w i t h  System-80 i s  t h e  Nuplex-80 c o n t r o l  c e n t e r .  Th i s  
d e s i g n ,  i n c l u d e d  as p a r t  of Lhe Yellow C r e e k  p l a n t  d e s i g n ,  m a k e s  uSe of 
s o l i d - s t a t e  components, cathode-ray t u b e  d i s p l a y s ,  d i a g n o s t i c s  t o  assist, 
the  o p e r a t o r ,  and s i g n a l  m u l t i p l e x i n g .  
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Tab le  3 .1 .  Comparison of  3817 M W ( t )  system-80 NSSS 
w i t h  p r e v i o u s  2700 MW(t) NSSS 

E v e r t  ~1 i f f s  Sys tem-30 

Core power, M W ( t )  2 ,700 3,800 
Number of f u e l  assemblies 21 7 241 
Act ive l e n g t h  of c o r e ,  

i n .  136.7 150 
( m )  (3 .472)  (3 .810)  

Power d e n s i t y  , kw/L 82.8 95.9 
Fuel  assembly dimensions,  

i n .  7.98 x 7.98 7.98 x 7.98 
( m m )  (202.7 x 202.7) (202.7 x 202.7) 

ass em b l  y 
Number o f  f u e l  r o d s  per 176(14  x 1 4 )  236(16 x 1 6 )  

Fuel  rod  O D ,  
i n .  0.440 0.382 
(mm 1 ( 1 1 . 2 )  (9 .7 )  

Clad t h i c k n e s s  t o  O D  r a t e  6 .4  x t o v 3  6 .5  10-3 
Maximum l i n e a r  power d e n s i t y  

k w / f t  15.5 12.5 
(kw/m)  (50 .8)  ( 4 1  . O )  

Average 
kw/ f t 
( k w / m )  

H,O/UO,  volume r a t i o  
S p e c i f i c  power, kw/kgU 

6.2 5.2 
(20.8)  ( 1  7.06)  

1.96 2.02 
32.4 37.0 

Number of c o n t r o l  rod  d r i v e s  77 89 
Number of c o n t r o l  element 

f i n g e r s  385 708 
P r i m a r y  s y s t e m  p r e s s u r e ,  

p s i a  2,250 2,250 
(ba r s  ) (155)  (155)  

Reactor  c o o l a n t  ave rage  
t e m p e r a t u r e ,  
F 572 594 
( C )  (300 1 (31 2 )  

gal s / m i  n 370,000 445,600 
m3/h (84 ,035)  ( 1  01 ,205)  

Btu/h f t 3  457,600 425,400 
( b// cm ( 1 4 4 )  (134)  

Coolant flow r a t e ,  

Maximum c o r e  heat f l u x ,  

Minimum DNBR 
Secondary steam p r e s s u r e  

p s i a  
( b a r s )  ( 5 9 )  ( 7 4 )  

1 .82  2.13 

850 1 ,070  
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3.1.2 Commercial C o n s i d e r a t i o n s  

The System-80 d e s i g n  has been o f f e r e d  commercially f o r  about  10 y e a r s .  
However ~ most of t h e  p l a n t s  o r d e r e d  have s u b s e q u e n t l y  been eafiee? ed.  
The three Palo Verde u n i t s  shoul t j  p rov ide  an o p e r a t i n g  base t o  supporL 
f u t u r e  o r d e r s .  

'The CESSAR stafldard p l a n t  d e s i g n  has f i n a l  d e s i g n  approva l  from the  NRC 
s t a f f  and ,  once t h e  N R C  has comp:,eted i t s  S e v e r e  Accident  P o l i c y ,  6-E 
w i l l  p robab ly  r e q u e s t  rulemaking by t h e  Commission. A t  lease three 
a l t e r n a t e  s t a n d a r d  BOPS are a v a i l a b l e  t o  s u p p o r t  CESSAR. Pu rchase  of a 
s t a n d a r d  p l a n t  is expec ted  t o  c o n t r i b u t e  t o  a p r e d i c t a b l e  c o n s t r u c t i o n  
3Chedule and r educed  e n g i n e e r i n g  and c o n s t r u c t i o n  c o s t s .  

C-E has o f f e r e d  a f i r m - p r i c e  b i d  f o r  a p l a n t  i n  Taiwan w i t h  a s u p p o r t i n g  
a r c h i t e c t - e n g i n e e r  and is p u r s u i n g  o t h e r  f o r e i g n  b u s i n e s s .  C-E is 
c o n s i d e r i n g  a much g r e a t e r  s cope  o f  s u p p l y  t h a n  i n  t h e  p a s t ,  i n c l u d i n g  
feedwater systems, c o n d e n s e r s ,  c o o l i n g  s y s t e m s  ~ arid containnierit ( a l l  
s a f e t y - r e l a t e d  s y s t e m s ) .  'There is a r e a l i z a t i o n  t h a t  the i n t e g r a t e d  
p l a n t  must be c a r e f u l l y  des igned  and c o n s t r u c t e d  t o  maximize r e l i a b i l i t y  
and m a i n t a i n a b i l i t y  - arid thereby a c h i e v e  s a f e t y  and r e a s o n a b l e  c o s t s .  

The l a r g e s t ,  improvements i n  c a p i t a l  c o s t  would be ach ieved  through 
h i g h - q u a l i t y  management d u r i n g  c c n s t r u c t i o n  and l i c e n s i n g  s t a b i l i t y  t o  
p r e c l u d e  d e s i g n  changes.  T h i s  i n c l u d e s  use  of s t a n d a r d  d e s i g n s ,  
a p p l i c a t i o n  of new computer t o o l s ,  and s c h e d u l i n g ,  wi th  a s t r o n g  f o c u s  
on  minimizing t h e  s c h e d u l e .  Schedu l ing  d e l a y s  are a u t o m a t i c a l l y  
t r a n s l a t e d  i n t o  higher l a b o r  c o s t s  f o r  t he  o n - s i t e  l a b o r  f o r c e .  

C-E p l a n t s  have o p e r a t e d  w i t h  higher  a v a i l a b i l i t y ,  on the a v e r a g e ,  t h a n  
o t h e r  U.S. l i g h t - w a t e r  r e a c t o r s .  The vendor a t t r i b u t e s  t h i s  t o  d e s i g n  
conse rva t i sm and ease of  maintenance. C-E b e l i e v e s  tha t  a 10-point  
improvement i n  a v a i l a b i l i t y  is a c h i e v a b l e  i n  the i r  f u t u r e  p l a n t s  th rough  
bet ter  d e s i g n  i n t e g r a t i o n  and improved materials s e l e c t i o n .  

3.1.3 Safety C o n s i d e r a t i o n s  

The p r i n c i p a l  s a f e t y  f u n c t i o n s  w i t h i n  t h e  System-80 d e s i g n  are as 
f o l l o w s :  

- r e a c t i v i t y  shutdown, 

- emergency water s u p p l y  (sa::ety i n j e c t i o n ) ,  

- r e s i d u a l  heat removal system. 

Ttie r e a c t i v i t y  shutdown is a c t u a t e d  by t h e  Reactor  P r o t e c t i o n  System 
which i n c o r p o r a t e s  t he  c o r e  p r o t e c t i o n  computer t h a t  de t e rmines  whether 
there is i n s u f f i c i e n t  l o c a l  d e p a r t u r e  from n u c l e a t e  b o i l i n g  margin o r  
e x c e s s i v e  l o c a l  power d e n s i t y .  There are two groups of shutdown rods ,  
e i t h e r  of which can r educe  the  r e a c t o r  power t o  ze ro .  I n  a d d i t i o n ,  the  
r e a c t o r  can be s h u t  down by i n j e c t i n g  boron.  



The emergency water s u p p l y  ( t o  cope w i t h  l o s s - o f - c o o l a n t  e v e n t s )  
c o n s i s t s  of two f u l l y  r edundan t  i n j e c t i o n  t r a i n s ,  each c o n s i s t i n g  of two 
p r e s s u r i z e d  ( w i t h  600 p s i  n i t r o g e n )  s a f e t y  i n j e c t i o n  t a n k s  l o c a t e d  i n  
containinent ,  an e x t e r n a l  water s t o r a g e  t a n k ,  a h igh -p res su re  pump, and a 
low-pres su re  pump. The pump s u c t i o n s  are a u t o m a t i c a l l y  swi tched  over  t o  
t h e  containment sumps a f t e r  t he  e x t e r n a l  s t o r a g e  t a n k  is d r a i n e d .  

Decay heat removal is i n i t i a l l y  provided by t h e  steam g e n e r a t o r s .  
Long-term r e s i d u a l  heat removal is accomplished w i t h  t h e  shutdown 
c o o l i n g  system f o l l o w i n g  r e d u c t i o n  of pr imary s y s t e m  t e m p e r a t u r e  and 
p r e s s u r e .  Low-pressure s a f e t y  i n j e c t i o n  pumps c i r c u l a t e  water t o  heat 
exchangers  which, i n  t u r n ,  r e j ec t  heat t o  t h e  u l t i m a t e  heat s i n k .  

C-E b e l i e v e s  t h a t  t he  System-80 d e s i g n  has p ionee red  many feature:: which 
c o n t r i b i i t e  t o  t h e  s a f e t y  of t h e  p l a n t .  These f e a t u r e s  are  now be ing  
o f f e r e d  by o t h e r  vendors  as w e l l ,  e i ther  as b a c k f i t s  o r  i n c o r p o r a t e d  
i n t o  new d e s i g n s  + These f e a t u r e s  i n c l u d e :  

- g r e a t e r  c o r e  thermal margin,  

- l a r g e  p r e s s u r i z e r  volume t o  abso rb  l o s s  of e l ec t r i ca l  l o a d ,  

- improved secondary - s ide  steam g e n e r a t o r  materials ( s t a i n l e s s  
s t e e l s ) ,  

... use of two-of-four co inc idence  t o  a c t u a t e  s a f e t y  sys t ems  w i t h  one 
channel  a v a i l a b l e  f o r  o f f - l i n e  t e s t i n g ,  

- use  of a core-monitor ing computer t o  c o n t i n u a l l y  monitor  c o r e  
t hermal-hydraul i c parameters , 

- advanced c o n t r o l  room. 

C-E u ses  P R A  t e c h n i q u e s  i n  some cases t o  e v a l u a t e  and compare 
a l t e r n a t i v e s  f o r  a given p l a n t .  They  do no t  have a complete P R A  for  a 
System-80 p l a n t  a t  t h i s  time. 

3.2 FURTHER EVOLUTION OF THE SYSTEM-8O D E S I G N  

For t h e  1990s, C-E p l a n s  t o  o f f e r  an improved v e r s i o n  of System-80 w i t h  
t h e  f o l l o w i n g  f e a t u r e s  l i k e l y  t o  be inc luded :  

.- an i n t e g r a t e d  NSSS/BOP, w i t h  t h e  r e a c t o r  vendor be ing  r e s p o n s i b l e  
f o r  a much larger  p o r t i o n  of  t h e  p l a n t  t h a n  a t  p r e s e n t .  

.- s i m p l i f i c a t i o n ,  t o  t h e  e x t e n t  p o s s i b l e ,  

- emphasis on reliability/maintainability, 

- h ighe r  q u a l i t y  steam g e n e r a t o r s ;  improved steam g e n e r a t o r  
mater ia ls ,  



- higher  q u a l i t y  heat exchangers  and condensers  t o  a v o i d  i n g r e s s  of 
contaminants  t o  the steam generators ,  

- upgraded c o n t r o l  room and i n s t r u m e n t a t i o n ,  

- fewer p i p e  s u p p o r t s  (seisriic and pipe-whip c r i t e r i a ) ,  

- o p t i o n a l  f u l l - p r e s s u r e  decay heat removal sys tem,  

- reactor p r e s s u r e  v e s s e l  d e s i g n  t h a t  g r e a t l y  r e d u c e s  impact of 
n e u t r o n  f l u e n c e  

- improved feedwater system2 and c o n t r o l  s y s t e m s ,  

- d e s i g n  t o  a v o i d  s p u r i o u s  t r i p s ,  

- f u l l y  r e p l a c e a b l e  major equipment.  

C-E o f f i c i a l s  b e l i e v e  i t  would be desirable ,  and probably  c o s t - e f f e c t i v e  
i n  a broad s e n s e ,  t o  provide  c o n s e r v a t i v e  f e a t u r e s  a d d r e s s i n g  p u b l i c  
concerns  even if c u r r e n t  f e a t u r e s  are b e l i e v e d  t o  be safe  enough. For 
example,  t he  f o l l o w i n g  s h o u l d  be i o n s i d e r e d :  

- lower power d e n s i t y  t o  p r o v i d e  greater s a f e t y  margin ,  

- larger c o o l a n t  inventory-to-power r a t i o s  t o  p r o v i d e  a more 
€or g i  v i  ng t r a n s i e n t  r e s p o n s e ,  

- desi.gn shutdown sys tems t o  avoid  ATWS, 

- improved emergency power sys tems .1 

Supply of  c o n s e r v a t i v e  sys t ems  t o  accomplish the  needed s a f e t y  f u n c t i o n s  
shou ld  allow s i m p l i f i c a t i o n  or e l i m i n a t i o n  of more complex sys tems now 
used t o  accomplish t h o s e  f u n c t i o n s .  The improved f e a t u r e s  w i l l  pay f o r  
themselves ,  i n  C - E ' s  view, through improved p l a n t  r e l i a b i l i t y  and 
m a i n t a i n a b i l i t y ,  which correlate w i t h  s a f e t y .  However, there  i s  a 
c o m p e t i t i v e  problem i n  t h a t  v a r i o u s  vendors  may of fe r  less c o n s e r v a t i v e  
p l a n t s  at, more compe t i t i ve  p r i c e s .  C-E o f f i c i a l s  b e l i e v e  that  i t  wcxld 
be des i r ab le  f o r  u t i l i t i e s  t o  r e c o g n i z e  and s u p p o r t  c o n s e r v a t i v e  ( b u t  
h o p e f u l l y  s i m p l i f i e d )  d e s i g n s  that, are l i k e l y  t o  lead t o  lower costs  i n  
t h e  l o n g  run. 





ADVANCED BbJR DESIGNS OF THE GENERAL E L E C T R I C  COMPANY 

The p roduc t  which GE c u r r e n t l y  o f f e r s  is t h e  BWR/G w i t h  N a r k  I11 
con ta inmen t .  Designs are a v a i l a b l e  i n  t h e  r a n g e  600 t o  1350 MFr(e), bu t  
most p l a n t s  are a t  t h e  upper end cf t h e  r a n g e ;  f o r  example, Grand Gulf 
is l i s t e d  a t  1250 MW(e) and Kuosheng 1 and 2 a t  950 MW(e). The GE 
S t a n d a r d  S a f e t y  Ana lys i s  Report  (CESSAR) s t a n d a r d  p l a n t  is a 
BWR/G-Mark 111 (Sect.  4 . 1 ) .  

CE is deve lop ing  a more advanced d e s i g n  (ABWR) i n  c o o p e r a t i o n  w i t h  i t s  
Japanese  l i c e n s e e s  and t h e  Tokyo Electr ic  Power Company. The ABWR is a 
1350-MW(e) d e s i g n .  T h i s  r e p o r t  p r e s e n t s  da ta  on t h e  ABWR whi.ch has been 
made a v a i l a b l e  ( S e c t .  4 . 2 ) .  

GE is e x p l o r i n g  a lower power BWR concept  t h a t  is i n t e n d e d  t o  make u s e  
of p a s s i v e  s a f e t y  systems. This  concept  is also d e s c r i b e d  here 
( S e c t .  4 .3) .  

4 .1  THE GESSAK S T A N D A R D  PLANT 

A s  s t a t e d  above,  t h e  GESSAR is  a BWR/G-Mark I11 p l a n t ,  I t  is a 
direct-cycle bo i l ing -wa te r  r e a c t o r  w i t h  steam g e n e r a t e d  i n  t h e  c o r e  
conveyed d i r e c t l y  t o  the  t u r b i n e .  F i g u r e  4 .1  d i s p l a y s  t h e  r e a c t o r  
assembly, 

A p r i n c i p a l  d e s i g n  f e a t u r e  of BWRs is the  e x i s t e n c e  of a n a t u r a l  
c i r c u l a t i o n  f low p a t h  w i t h i n  t he  r e a c t o r  v e s s e l  s o  t h a t  there is 
adequa te  c o o l a n t  f low c a p a c i t y  f o r  removing t h e  afterheat from the  c o r e  
Ijy n a t u r a l  thermal c o n v e c t i o n  as l o n g  as the  water i n v e n t o r y  i n  t h e  
r e a c t o r  v e s s e l  is m a i n t a i n e d  a t  the proper  l e v e l .  Fur ther ,  t h e  BWK 
pr imary s y s t e m  can be d e p r e s s u r i z e d  r a p i d l y ;  low-pressure as well as 
h i g h - p r e s s u r e  pumps c a n ,  t h e r e f o r e ,  be employed t o  m a i n t a i n  t h e  proper  
water l e v e l  i n  t h e  r e a c t o r  vessel. There are a t o t a l  of  13 pumps i n  t h e  
B W R / 6 ,  1 1  o f  which can i n d i v i d u a l l y  h a n d l e  nonbreak t r a n s i e n t s .  

The Mark 111 containment  ( F i g .  11-21 is the la tes t  v e r s i o n  of  the 
p r e s s u r e  s u p p r e s s i o n  containment  used on a l l  but  t he  ve ry  e a r l i e s t  R W R s .  
P r e s s u r e  s u p p r e s s i o n  containment  systems employ a large pool of water 
( t h e  s u p p r e s s i o n  p o o l )  and a s y s t e n  of  v e n t s  l e a d i n g  from the r e a c t o r  
c a v i t y  t o  t h e  s u p p r e s s i o n  poo l .  Fol lowing a p o s t u l a t e d  r e a c t o r  pr imary 
system r u p t u r e ,  steam and f i s s i o n  p roduc t s  released from the  r e a c t o r  
w i l l  be channeled t o  the  s u p p r e s s i o n  pool.  Experiments  show t h a t  the  
bubb l ing  of  these  materials th rough  t h e  pool shou ld  remove ove r  99% of 
t h e  i o d i n e  and p a r t i c u l a t e  f i s s i o n  p r o d u c t s  from t h e  vented gases. 
Thus,  t h e  v a s t  m a j o r i t y  of t h e  r a d i o a c t i v e  f i s s i o n  p roduc t s  tha t  might 
e scape  from the c o r e  i n  t h e  e v e n t  t ha t  s e v e r e  c o r e  damage d i d  occur  
would be r e t a i n e d  w i t h i n  the  p r i m a r y  containment  s y s t e m .  The Mark 111 
containment  b u i l d i n g  has been enla-ged dnd s t r e n g t h e n e d  r e l a t i v e  t o  
ea r l i e s  d e s i g n s ,  and p o t e n t i a l  bypass ing  of t he  s u p p r e s s i o n  pool  has 
been e l i m i n a t e d .  

29 
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Fig. 4.1 BWR/6 reactor assembly. 

Source: General Electric Company, BWR/6 General Description of a 
Boiling Water Reactor (Rev.) (San Jose, California, 1980), p .  2.2 
(reproduced with permission). 
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The g e n e r a l  s t r a t e g y  f o r  d e a l i n g  w i t h  a s e v e r e  a c c i d e n t  chal-lenge i n  a 
BWR is as f o l l o w s :  

.- F i r s t ,  t o  i n s e r t  t h e  s a f e t y  r o d s  and t o  confirm t h a t  has  occur red .  

- Second, t o  m a i n t a i n  water l e v e l  I n  t h e  v e s s e l  e i t h e r  w i t h  
h i g h - p r e s s u r e  s o u r c e s  o r ,  a l t e r n a t i v e l y ,  by d e p r e s s u r i z i n g  t o  t h e  
s u p p r e s s i o n  pool. v i a  r e l i e f  v a l v e s  and u s i n g  low-pres su re  
pumps . 

.- T h i r d ,  t o  e s t a b l i s h  a heat s i n k  e i t h e r  i n  t h e  main condenser o r ,  
i f  n e c e s s a r y ,  u s i n g  t h e  s u p p r e s s i o n  poo l .  I n  p r i n c i p l e ,  steam 
from the  s u p p r e s s i o n  pool cou ld  be ven ted  t o  atmosphere and 
makeup wa te r  s u p p l i e d  from a f i r e  t r u c k  t o  t h e  r e a c t o r  
v e s s e l .  

Opera t ing  BWRs havc s u f f e r e d  from u n a v a i l a b i l i t y  due t o  f u e l  fa i lures  
and ,  more r e c e n t l y ,  due  t o  r e c i r c u l a t i n g  p ipe  c r a c k i n g .  A t  t h i s  p o i n t ,  
i t  a p p e a r s  t h a t  t h e s e  problems have been overcome. Redesigned BWR f u e l  
has much g r e a t e r  t o l e r a n c e  t o  l o a d  changes and l o n g  burnup. P i p e  
c r a c k i n g  is avoided by u s e  of nuc lea r -g rade  (low-carbon) s t a i n l e s s  
s t e e l ,  c a r e f u l  c o n t r o l  of weld s t resses ,  and o p t i o n a l  hydrogen a d d i t i o n  
t o  t h e  primary c o o l a n t .  

The GESSAR a p p l i c a t i o n  s u b m i t t e d  by GE t o  NRC is i n t e n d e d  t o  s a t i s f y  
10CFR50 c r i t e r i a ,  post-TMI m o d i f i c a t i o n s ,  arld t o  address t h e  un reso lved  
s a f e t y  issues.  The post-TMI m o d i f i c a t i o n s  are as f o l l o w s :  

-- improved emergency procedure g u i d e l i n e s  - t o  provide p l a n t  
o p e r a t o r s  w i t h  c o n c i s e  procedures  t o  f o l l o w  d u r i n g  a n  emergency, 

- improved s a f e t y / r e l i e f  va lve  p o s i t i o n  i n d i c a t i o n  - t o  p rov ide  a 
fastet ' ,  more d i . r ec t  i n d i c a t i o n  of a n  open v a l v e  t o  t he  p l a n t  
o p e r a t o r  f o r  a p p r o p r i a t e  a c t i o n ,  

._ improved p o s t - a c c i d e n t  sampling c a p a b i l i t y  - p r o v i s i o n s  f o r  
o b t a i n i n g  a p o s t - a c c i d e n t  " g r a b  sample" of r e a c t o r  water and 
containment  a i r  a t  an a c c e s s i b l e  l o c a t i o n  t o  f a c i l i t a t e  
a s ses smen t s  of c o r e  damage, 

- improved containment i n s t r u m e n t a t i o n  - t o  monitor  containment 
p r e s s u r e  r a d i a t i o n  l e v e l ,  and s u p p r e s s i o n  pool water l e v e l  
f o l l o w i n g  an a c c i d e n t ,  

- improved e f f l u e n t  mon i to r s  - t o  p rov ide  c a p a b i l i t y  t o  monitor  
p l a n t  e f f l u e n t s  o v e r  f u l l  r a n g e  from normal t o  a c c i d e n t  
c o n d i t i o n s ,  

- c o n t r o l  room improvements - t o  p rov ide  an improved man-machine 
i n t e r f a c e  i n  t h e  c o n t r o l  room and f a c i l i t i e s  f o r  r e spond ing  t o  an 
emergency. Examples of  improvements i n c l u d e :  
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( 1 )  a P l a n t  S a f e t y  Parametel’ D i s p l a y  t o  provide  k e y  plant; s a f e t y  
pa rame te r s  i n  a c lear ,  c o n c t s e  f o r m a t ;  ( 2 )  an o n - s i t e  Emergency 
riesponse Cen te r  f o r  c o w d i n a t i o n  of  emergency r e s p o n s e ;  and ( 3  j a 
Nuclear  Data L i n k  t o  p r o v i d c  k e y  p l a n t  s a f e t y  informatZion t o  the  
MRC, 

- a u t o - r e s t a r t  o f  h i g h - p r e s s u r e  c o r e  s p r a y  - t o  p r o v i d e  a u t o m a t i c  
res ta r t  a t  l o w  r e a c t o r  water l e v e l  i n  the e v e n t  the o p e r a t o r  
t akes  manual c o n t r o l  of the s y s t e m  and s u b s e q u e n t l y  f a i l s  t o  
m a i n t a i n  water l e v e l ,  

- a u t a - d r p r e s s u r j z a t i o n  f u r  nonbreak e v e n t s  - t o  p rov ide  automatic! 
d e p r e s s u r i z a t i o n  l o g i c  for  tionbreak even t s  ( e . g . ,  l o s s  of 
f e e d w a t e r )  accompanied by f a i l u r e  of  a l l  h i g h - p r e s s u r e  c o o l i n g  
sys terns. 

The GESSAR a p p l i c a t i o n  h a s  been approved by t h e  NRC s t a f f  and is 
a w a i t i n g  approva l  by t h e  Cornmission. 

GE has performed a PRA i n  s u p p o r t  o f  t h e  CESSAR program (see Tab le  4 . 1 > ,  
w i t h  a r e p o r t e d  core-melt  p r o b a b i l i t y  from i n t e r n a l  s o u r c e s  of 
4.7 x 10-6/reaetor year. The r i s k  is dominated by l o s s  of o f f - s i t e  
powei- e v e n t s .  

Table  4 . 1 .  BWR/6 P R A  r e s u l t s :  Breakdown of the  assessed 
f r equency  o f  c o r e  damage per r e a c t o r  year 

Frequency of  c o r e  damage P e r c e n t  of c o r e  
___I--- Event d e s c r i p t i o n  p e r  r e a c t o r  y e a r  damage p r o b a b i l i t y  

Trans i en t s 98.0 
- Loss of o f f - s i t e  power 4.1 x (88)  
- A l l  o t h e r s  5 1 0 ” ~  (10) 

Loss of h e a t  removal 2 x 10-0 0.4 
A TWS 5 x l o -*  1 . I  
I L E A  2 10-9 0,04 

TOTAL 4.7 x 

4.2 THE A D V A N C E D  B O I L I N G  WATER REACTOR ( A B W R )  

4 . 2 , 1  General  D e s c r i p t i o n  

The s t a t e d  o b j e c t i v e s  of t h e  ARWR are: 

- improved o p e r a b i l i t y ,  

- improved c a p a c i t y  f a c t o r ,  

- improved s a f e t y  and r e l i a b i : & i t y ,  
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- r educed  o c c u p a t i o n a l  e x p o s u r e ,  

- reduced c a p i t a l  and o p e r a t i n g  c o s t s ,  

- maximum use of t echno logy  demonstrated on U.S., J apanese ,  
Swedish,  and German BWRs.  

The most s a l i e n t  i n n o v a t i o n  i n  t he  ASWR is t h e  replacement  of t h e  
e x t e r n a l  r e c i r c u l a t i n g  pumps and l o o p s  by 10 i n t e r n a l  seal less  c o o l a n t  
pumps ( F i g ,  4 . 3 ) .  KWU and ASEA-Atom have u t i l i z e d  i n t e r n a l  pump 
rec i r cu1 .a t ion  s y s t e m s  i n  t h e i r  r e c e n t  BWRs.  F u l l  power of 1350 MW(e) 
can be ach ieved  w i t h  9 of  10 pumps. Advantages claimed f o r  t h i s  
approach i n c l u d e :  

.. e l i m i n a t i o n  of a l l  major p ipe  n o z z l e s  i n  c o r e  r e g i o n  and below 
c o r e ,  

.- e l i m i n a t i o n  of l a r g e  break 1oss--of-coolant  a c c i d e n t  concerns ~ 

- s h o r t e r  c o n s t r u c t i o n  s c h e d u l e ,  

- more space  i n  d r y w e l l ,  

- less maintenance,  less i n - s e r v i c e  i n s p e c t i o n ,  and reduced 
o c c u p a t i o n a l  exposure ,  

- reduced r e c i r c u l a t i o n  system pumping power, 

- reduced p l a n t  c o s t ,  

- improved a v a i l a b i l  i t y / r e l  i a b i l  i t y  . 
The ABWR has p r o v i s i o n s  f o r  v a r y i n g  the  r e c i r c u l a t i n g  water f low r a t e  t o  
c o n t r o l  t h e  n e u t r o n  spectrum ( h y d r a u l i c  s p e c t r a l  s h i f t ) .  I t  is expec ted  
t h a t  t he  f u e l  burnup w i l l  be 38,000 MWD/tonne. By these and o t h e r  
means, t h e  f u e l  u t i l i z a t i o n  can be improved s u f f i c i e n t l y  t o  r e d u c e  
f u e l  -cycle c o s t s  by about  20% r e l a t i v e  t o  p r e s e n t  J apanese  p r a c t i c e  e 

I t  is also proposed t o  improve t h e  l o a d - f o l l o w i n g  c h a r a c t e r i s t i c s  of t h e  
BWR. The f u e l  has been improved ove r  ear l ie r  d e s i g n s  so t h a t  i t  a p p e a r s  
t h a t  power r e d u c t i o n s  from 100 t o  70% w i l l  be p o s s i b l e  th rough  f low 
c o n t r o l s  o n l y  and as much as 50% may be p o s s i b l e  us ing  bo th  flow c o n t r o l  
and c o n t r o l  r o d s .  F ine  motion c o n t r o l  r o d  d r i v e s  c o n t r i b u t e  t o  
m a n e u v e r a b i l i t y .  

Table  4.2 summariLos the  k e y  changes i n  go ing  from t h e  GESSAR t o  t h e  
ABWR d e s i g n s .  The ABWR i n s t r u m e n t a t i o n  and c o n t r o l  system h a s  f o u r  
independent  c h a n n e l s ,  any one of which can be cal ibrated a u t o m a t i c a l l y  
w h i l e  t h e  r ema in ing  channe l s  r e t a i n  a two-out-of- three co inc idence  
fea ture .  The ABWR containment  des ign  has  no t  been f r o z e n  as y e t ;  a 
l i k e l y  o p t i o n  is a mod i f i ed  M a r k  11-type. The containment would r e t a i n  
t h e  f e a t u r e  of  v e n t i n g  t h e  drywel l  t h rough  the  p o o l ,  c h a r a c t e r i s t i c  of  
t h e  Mark  111 d e s i g n .  
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Table  4.2. Key d i f f e r e n c e s  --- between ABWR and GESSAR d e s i g n s  
P l a n t  G-ature  . CESSAR ABWR 

R e c i r c u l a t i o n  s y s t e m  

C o n t r o l  r o d  d r i v e s  

Emergency c o r e  c o o l i n g  

Core s p r a y  s p a r g e r  

Decay h e a t  removal 

Con t ro l  of r e a c t o r  f l o w ,  
f eedwa te r  and p r e s s u r e  

Transmission of c o n t r o l  
and s a f e t y  s i g n a l s  

Containment 

Steam bypass capaoi  t y  

Fuel  t r a n s f e r  

E x t e r n a l  pumps 
Flow c o n t r o l  v a l v e  

Hydr a u l  i c 

Three d i v i s i o n s  

1 h i g h - p r e s s u r e  s p r a y  
1 low-pressure s p r a y  
3 low-pr,,, assure 

1 s team-driven reac tor -  
f l o o d e r s  

c o r e  i s o l a t i o n  
c o o l i n g  system 

P e r i p h e r a l  r i n g  

2 steam-condensing 
he a t  exchangers  

Analog 

Wires 

llor i z o n t a l  v e n t s  
S t e e l  
Open pool 
A i r  

35% 

I n c l i n e d  t u b e  

I n t e r n a l  pumps 
Variable-speed, s o l i d -  

s t a t e  power supp ly  

Elec t r  i e/  hydrau l  i c 
f i n e  motion 

Three comple t e ly  s e p a r a t e  
d i v i s i o n s  
2 h i g h - p r e s s u r e  s p r a y s  
1 steam-dr i ven r e a c t o r  

c o r e  i s o l a t i o n  
c o o l i n g  system 

3 low-pressure f l o o d e r s  

Over head 

3 wet we1 1 / dr ywell  h e a t  
exchangers  

D i g i t a l  

Mu1 t i plexed 

V e r t i c a l  v e n t s  
Concre t e  
Covered pool 
I n e r  t e d  

25 t o  35% 

Cask  l i f t  



4.2.2 Commercial S t a tus  
I 

The EWF/S-Mark 11 is t h e  current .  standard A M ?  design i n  Japan. 
f e a t u r e s  and s a f e t y  ckiaractcxniittics have been e x t e n s i v e l y  CesLed, It is 
expec ted  t h a t  the  P.pJUF! w i l l  be s- ; le@ted as the  n e x t  J apanese  staxidai-d 
d e s i g n ,  The ABM? p~-o,ject; is a j o i n t  e f f o r t  af G E ,  T o s h i b a ,  and Hit-achi. 
I t  is sponsored  by six J a p a n e s e  i tr i l i t ies under t h c  l e a d e r s h i p  o f  Tokyo 
Electr ic  Power Go. WIT? is do ing  some independevt  t e s t i n g  and 
e v a l u a t i o n  o f  k e y  rjorleepts (I 

Its 

Phase I of the ABWK was a p l a n t  def f n i t i o n / f e a s i b i l i t y  s t u d y  unde r t aken  
by the worldwide BWR s u p p l i e r s  i n  1978-79. Phase I1 c o n s i s t e d  of more 
d e t a i l e d  t e c h n i c a l  e v a l u a t i o n s  ~ c:amponent t e s t i n g ,  and development. 
T e c h n l c a l  e v a l u a t i o n s  were compZeted i n  1983. 
programs were a l s o  completed i n  1983, some will c o n t i n u e  i n t o  1987. 
Phase I11 is X ~ O W  tinderway and consists of d e s i g n  o p t i m i z a t i o n  t o  he 
completed June 1985. Given a f 'a\ iorable p ro jeck  d e c i s i o n  by t h e  
u t i l i t i e s  ( 1 9 8 6 ) ,  l i c e n s i n g  would proceed from 1986 t o  1989, a 
c o n s t r u c t i o n  pe rmi t  o b t a i n e d  by 1989, and t h e  l e a d  p l a n t  would be i n  
o p e r a t i o n  by 1994. 

While  many of t h e  test; 

GE is d e s i g n i n g  t h e  ABWR t o  meet most c u r r e n t  U.S, r e q u i r e m e n t s .  
D i s c u s s i o n s  wi th  the NRC are planned t o  i n t r o d u c e  t h e  ABHR des ign .  
f a v o r a b l e  r e s p o n s e  is expec ted  s i n c e  most f e a t u r e s  are based on proven 
BTdR t echno logy .  

A 

I t  is t o o  ear ly  t o  s p e c u l a t e  on wnether GE w i l l  o f f e r  f i r m - p r i c e  b i d s  on 
t h e  ABWR and p r e c i s e l y  what would c o n s t i t u t e  the  scope  of s u p p l y .  
IJresumably t h e  G E S S A R  approach woJld be r e p r e s e n t a t i v e  of  what might  be 
expected. 

4.2.3 Cos t  C o n s i d e r a t i o n s  

The capi ta l  c o s t  t a r g e t  f o r  ABWR " s  t o  l i m i t  c a p i t a l  c o s t  of t h e  
1350-MW(e) p l a n t  t o  n o t  exceed t h a t  of an ZLQO-MW(e)EMR/5-type p la r i t  
b u i l t  i n  J a p a n .  F e a t u r e s  which c o n t r i b u t e  t o  a r educed  c a p i t a l  c o s t  
i n c l  ude : 

- e l i m i n a t i o n  o f  t he  r e c i r c u l a t i o n  p i p i n g ,  

- m u l t i p l e x i n g  of c o n t r o l  anc i n s t r u m e n t  cables 

- less crowded con ta inmen t ,  a l l o w i n g  r a p i d  c o n s t r u c t i o n  schedule.  

The d e s i g n  program has not  been completed but CE e x p r e s s e s  conf idence  
t h a t  t h e  c o s t  targets w i l l  be ach ieved .  

The f u e l  c o s t  t a rge t  f o r  ABWR is a r e d u c t i o n  of 20% from c u r r e n t  RWR 
f u e l  c o s t s .  T h i s  would be a c h i e v e d  t h r o u g h  ex tended  burnup and 
h y d r a u l i c  s p e c t r a l  s h i f t  c o n t r o l .  
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GE b e l i e v e s  t h a t  t he  Japanese  shou ld  be ab le  t o  ach ieve  p l a n t  
a v a i l a b i l i t i e s  of over  80% from t h e  ABWH. F a c t o r s  which c o n t r i b u t e  t o  
high a v a i l a b i l i t y  i n c l u d e :  

- 18- t o  24-month r e f u e l i n g  cyc le ,  

- o n - l i n e  t e s t i n g  and c a l i b r a t i o n  of i n s t r u m e n t s ,  

- e l i m i n a t i o n  of i n s p e c t i o n  and maintenance of t h e  r e c i r c u l a t i o n  
p i p i n g ,  

- r e d u c e d  r e f u e l i n g / m a i n t e n a n c e  ou tage  , 

- less crowded containment , f a c i l i t a t i n g  maintenance,  

- c a p a b i l i t y  f o r  a c h i e v i n g  f u l l  power i n  two hours  from ho t  s t andby  
( v e r s u s  e i g h t  hour s  i n  p r e s e n t  p l a n t s ) .  

4 . 2 . 4  S a f e t y  C o n s i d e r a t i o n s  

The o v e r a l l  s a fe ty  phi losophy of the  ARWR is similar t o  t h a t  of the 
G E S S A R .  Those f e a t u r e s  l i s t e d  i n  Table 4.2 and i n  t h e  l a s t  paragraph of  
the  p rev ious  s e c t i o n  g e n e r a l l y  c o n t r i b u t e  t o  enhanced s a f e t y  and reduced 
r i s k .  The ARWR has  greater d i v e r s i t y  of s a f e t y  s y s t e m s  and more 
complete s e p a r a t i o n  from operat ional .  s y s t e m s  compared t o  GESSAR.  Each 
d e p r e s s u r i z a t i o n  s y s t e m  v a l v e  is a c t u a t e d  by a dedicated a i r  s t o r a g e  
t a n k .  The s u p p r e s s i o n  pool has  s u f f i c i e n t  heat c a p a c i t y  t o  accommodate 
u p  t o  24 hour s  of decay  heat from t h e  r e a c t o r .  There are s u f f i c i e n t  
o n - s i t e  steam and power s o u r c e s  t o  keep  t h e  c o r e  covered f o r  
8- t o  10 hours  af ter  a s t a t i o n  b l ackou t  a c c i d e n t ,  g i v i n g  t h e  o p e r a t i o n s  
s ta f f  t h a t  time t o  r e s t o r e  feedwater flow. 

GE is c o n s i d e r i n g  a p rocedura l  change whereby v e n t i n g  of steam from t h e  
s u p p r e s s i o n  pool t o  t h e  atmosphere would be done a t  t h e  d i s c r e t i o n  of 
t h e  o p e r a t o r s  t o  avoid e x c e s s i v e  p r e s s u r e  b u i l d u p  i n  containment d u r i n g  
c e r t a i n  a c c i d e n t  s equences .  

G E s s  summary of t he  f a c t o r s  c o n t r i b u t i n g  t o  reduced r i s k  is g iven  i n  
Table  4.3. They have performed a comparat ive P R A  of  ABWR v e r s u s  BWR/6 
f o r  intelanal  e v e n t s .  According t o  t h i s  a n a l y s i s ,  t h e  ABWR r i s k  of 
s e v e r e  a c c i d e n t  from i n t e r n a l  e v e n t s  is  about  a f a c t o r  of 10 bet ter  t h a n  
GESSAA'  s . 
The ABWR shou ld  be improved r e l a t ive  t o  GESSAR i n  t he  area of pe r sonne l  
r a d i a t i o n  exposure as wel l .  F a c t o r s  r e d u c i n g  exposure  i n c l u d e :  

- l ess  f r e q u e n t  r e f u e l i n g ,  

- e l i m i n a t i o n  of r e c i r c u l a t i o n  p i p i n g  maintenance and i n s p e c t i o n  as 
a s o u r c e  of  r a d i a t i o n ,  

- bet te r  l a y o u t  f o r  maintenance,  

- more automated s e r v i c i n g .  
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Tab le  4.3. Fac%ors c o n t r i b u t i n g  t o  
r educed  ABWR r i s k  ^ _ _ _ _ ~ . I I . . _  

lmproved care c o o l i n g :  
- More h i g h - p r e s s u r e  c o o l a n t  purrips 
- Motor-driven and t u r b i n e - d r i v e n  pumps 
- Turb ine -d r iven  feedwater pumps 

Lower i n i t i a t i n g  eveni; f r e q u e n c y  
- F a u l t - t o l e r a n t  d i g i t a l  c o n t r o l l e r s  
- S o l i d - s t a t e  c o n t r o l  l o g i c  

Reduced LOCA p r o b a b i l i t y  
.- El imi r i a t ion  of r e c i r c u l a t i o n  p i p i n g  and pump 

Improved scram system r e l i a b i l i t y  
- D i v e r s e  system (e--ectr ical  + h y d r a u l i c  d r i v e s )  
- Scram discharge volume e l i m i n a t i o n  

Improved heat removal c a p a b i l i t y  
- More pumps and heat exchangers  

Others 
- Improved diesel  g e n e r a t o r "  s p a t i a l  s e p a r a t i o n  
- S u p p r e s s i o n  poo l  P e a t u r e  r e t a i n e d  -- 

*Author 's  n o t e :  About 5 MW per  r edundan t  s e t  
of s a f e t y  s y s t e m s  is r e q u i r e d  t o  d r i v e  c o r e - c o o l i n g  
and emergency a u x i l i a r i e s .  

4.3 THE LOWER POWER DWK 

CE has performed some p r e l i m i n a r y  d e s i g n  of  a small BWR concep t ,  
200- t o  600-MW(e). The o b j e c t i v e s  of this s t u d y  are t o  e v a l u a t e  a 
system which would 

-- accomplish s a f e t y  f u n c t i o n s  i n  a s i m p l e r  manner t h a n  BlnrR/6, 

- be more t o l e r a n t  of t r a n s i e n t s ,  

- r e q u i r e  no o p e r a t o r  a c t i o n  fo r  a l o n g  p e r i o d  a f te r  a t r a n s i e n t ,  

- address s e v e r e  a c c i d e n t  p o s s i b i l i t i e s ,  

- have h i  gh ava  i 1 a b i  1 it y , 

- u t i l i z e  e x i s t i n g  t echno logy  base i n s o f a r  as p o s s i b l e .  

The concept  i s  i l l u s t r a t e d  i n  F ig , .  4 . 4 .  A diagram of the  v e s s e l  i s  
shown i n  F i g .  4.5. H igh-p res su re  r e c i r c u l a t i o n  of water t h r o u g h  the  



40 

UPPER 

--. 
POOL 

EMERGENCY CORE 
COOLING AND 
LIQUID POISQN BACK-U 

REACTOR 

F i g .  4.4 The lower power EWR concept .  
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Fig. 4.5 Power production i n  t h e  reactor vessel .  
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c o r e  is ach ieved  by n a t u r a l  convection.) '  
mounted a t  t h e  t o p  of the   vessel.;+^ t h e r e f o r e ,  steam s e p a r a t o r s  and 
dryers  must be p o s i t i o n e d  p e r i p h e r a l l y  o u t s i d e  t h e  c i r cumfe rence  of  t h e  
rods.  

The c o n t r o l  r o d  d r i v e s  are  

4 .3 .1  Safety Systems 

S a f e t y  systems a r e  g e n e r a l l y  more p a s s i v e  t h a n  t h o s e  of the  l a r g e  BWR 
d e s i g n s .  S a f e t y  r o d s  are e i ther  g r a v i t y  o r  h y d r a u l i c a l l y  actuated,  
There is an i s o l a t i o n  condenser which t r a n s m i t s  decay h e a t  from c o r e  t o  
s u p p r e s s i o n  pool by n a t u r a l  c i r c u l a t i o n .  Steam is norma1l.y t o  be 
a d m i t t e d  t o  t h e  i s o l a t i o n  condenser ;  about  4% of t h e  r e a c t o r  heat would 
thereby  be used t o  p r e h e a t  f eedwa te r .  A s team-driven j e t  s u p p l i e s  
makeup from the  condensate  s t o r a g e  t a n k  t o  t he  r e a c t o r  v e s s e l  t o  remove 
decay heat ( F i g .  4 . 6 ) ;  i t  is proposed t o  o p e r a t e  t h i s  system d u r i n g  
normal power o p e r a t i o n  as wel l .  In an emergency, t h e  r e a c t o r  can be 
blown down t o  t h e  p r e s s u r e  of t h e  e l e v a t e d  b o r a t e d  s u p p r e s s i o n  pool and 
decay heat removed by n a t u r a l  c i r c u l a t i o n .  I n  t ha t  mode, t h e r e  is 
s u f f i c i e n t  heat c a p a c i t y  t o  p reven t  c o r e  damage for th ree  d a y s  wi thou t  
o p e r a t o r  i n t e r v e n t i o n .  T h i s  f e a t u r e  e l i m i n a t e s  dependence on emergency 
diesels .  

The v a l v e s  r e q u i r e d  t o  perform s a f e t y  f u n c t i o n s  ra i l  i n  a "safe" 
d i r e c t i o n .  

The l a r g e  steam s u r g e  volume i n  the  r e a c t o r  v e s s e l  t e n d s  t o  damp 
p r e s s u r e  s u r g e s .  

The small r e a c t o r  accommodates a l i m i t e d  amount of s p e c t r a l  s h i f t  flow 
c o n t r o l ,  less  than  f o r  a s t a n d a r d  BWR. 

The lowe? power BWH has not  been developed t o  tile e x t e n t  where a c o s t  or  
market e v a l u a t i o n  can be made I 

4.3.2 The Modified Small BWR ________I. 

Henry E .  S tone  has provided (198'4) t h e  f o l l o w i n g  a d d i t i o n a l  comments: 

'lWe have se lec ted  a power l e v e l  of about  600 MW(e) f o r  f u r t h e r  
e v a l u a t i o n .  A t  t h i s  power, p l a n t  c o s t  s t u d i e s  i n d i c a t e  t h a t  f o r c e d  
c i r c u l a t i o n  is a be t t e r  cho ice  for p r o v i d i n g  c o r e  f low t h a n  n a t u r a l  
c i r c u l a t i o n .  We have ,  t h e r e f o r e ,  o p t e d  t o  f o l l o w  the  ABWR approach and 
use i n t e r n a l  r e c i r c u l a t i o n  pumps, as no ted  i n  S e c t .  4 .2 .  T h i s  
e l i m i n a t e s  t h e  need t o  deve lop  t h e  n a t u r a l  c i r c u l a t i o n  c o r e  flow c o n t r o l  
d e v i c e  ( F i g .  4 . 5 ) .  It  a l s o  a l lows  c o r e  f low (and t h e r e f o r e  c o r e  power) 
c o n t r o l  over  a wider  r ange  and r e t a i n s  t h e  s p e c t r a l  s h i f t  f low c o n t r o l  
c a p a b i l i t y .  

-..-. 
"The smal l  GE BWR concept  has been modif ied s i n c e  the  p r e p a r a t i o n  of 

t h i s  r e p o r t  t o  be cooled w i t h  i n - v e s s e l  r e c i r c u l a t i n g  pumps s imilar  t o  
t h o s e  of t h e  ABWR, and t h e  c o n t r o l  r o d s  mounted a t  t h e  bottom of t h e  
v e s s e l .  The modif ied concept  is  descr ibed i n  t he  "Nuclear Power Op t ions  
V i a b i l i t y  Study" r e p o r t .  
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"Our c o s t  s t u d i e s  a l s o  i n d i c a t e  t h a t  there  is a very small economic 
i n c e n t i v e  a s s o c i a t e d  w i t h  top-mounted, contl-03 -rod d r i v e s  e We have ,  
t h e r e f o r e ,  chosen bottom-mounted d r i v e s ,  similar t o  cho ice  used  i n  ABWI?. 
This  reduccs t h e  development e f f o r t  r e q u i r e d e r t  

"With t h e s e  changes i n  t h e  c o n c e p t ,  we have a h ighe r  conf idence  i n  
r e a c h i n g  our  o b j e c t i v e s .  We t h i n k  t h a t  a f o u r -  t o  f ive - -yea r  
c o n s t r u c t i o n  p e r i o d  can be r e a l i z e d  and t h a t  busbar c o s t s  can be 
compe t i t i ve  w i t h  a p l a n t  u s i n g  U.S. c o a l . "  



5 .  SUMMARY 

The three U . S .  vendors  ac t ive1 .y  ~ n a r k e t ~ i n g  WSSSs a re  each d.evelop'!ng a 
p roduc t  f o r  t he  f u t u r e  which t h e y  expec t  t o  be more re l iab le ,  mor-e 
m a i n t a i n a b l e ,  more economical. a ~ d  s a f e p  t,han the p r e s e n t  p l a n t s .  These 
are a l l  e s s e n t i a l l y  3800--NM(t) dasign:; a3.thomgh all a r e  s ~ u d y i n g  smaller 
p l a n t s  e They a p p a r e n t l y  will be off'ered as s t a n d a r d  pr 'el icensed d e s i g n s  
wi th  much larger scope than  earlier NSSS o f f e r i n g s ,  w i t h  t h e  p o s s i b i l i t y  
of  firm p r i c e s .  

Westinghouse w i t h  E l i t sub i sh i  Heavy I n d u s  Cries is d;veloying a comple t e ly  
new d e s i g n  (APWW) t o  be b u i l t  i n i t i a l l y  i n  J a p a n ,  h o p e f u l l y  for 
o p e r a t i o n  by t h e  mid-1990s. WesLinghouse is making a s t r o n g  e f f o r t  t o  
have t h e  APW l i c e n s e d  i n  t h e  W . 9 .  as a s t a n d a r d  p l a n t .  

Combustion E n g i n e e r i n g  is evaluat.ing p o t e n t i a l  improvements t o  the  
system-80 s t a n d a r d  d e s i g n  (CESSAR) t h a t  has already r e c e i v e d  f i n a l  
d e s i g n  approva l  by t h e  N R C .  

General  E lec t r ic ,  w i t h  Hitachi  and  Tosh iba ,  i s  deve lop ing  a new d e s i g n  
(ABWR) t h a t  i n c o r p o r a t e s  advancec. f e a t u r e s  which have been proven by the 
worldwide BWR s u p p l i e r s .  The ABkR is t o  be b u i l t  i n i t i a l l y  i n  J a p a n ,  
bu t  t h e  d e s i g n  cou ld  be a d a p t e d  t o  t he  U n i t e d  States. 

West inghouse,  C-E,  and GE have done some concep tua l  e v a l i i a t i o n  of 
r e a c t o r s  i n  the  600-MW(e) class.  The Westinghouse concept  is a two-loop 
p l a n t  i n t e n d e d  f o r  f a c t o r y  assembly i n  a s h i p y a r d  and d e l i v e r y  t o  a s i t e  
by barge.  The CE concept  is a m o d i f i c a t i o n  of  t h e  ARWR w i t h  some 
a d d i t i o n a l  p a s s i v e  s a f e t y  features .  The C-E d e s i g n s  range from 
scaled-down System-80s t o  small natural .  c i r c u l a t i o n  PWHs. These 
concep t s  may be of i n t e r e s t  t o  DOE or  E P R I  as flsmalllT r e a c t o r s .  
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