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E B R - 1 1 :  TWENTY Y E A R S  OF O P E R A T I N G  E X P E R I E N C E  

1 .O ABSTRACT 

E x p e r i m e n t a l  Breeder R e a c t o r  No. 2 ( E B R - 1 1 )  is an  unmodera ted ,  

sodium-cooled  r e a c t o r  w i t h  a d e s i g n  power of 62.5 M W t .  Fo r  t h e  l a s t  20 

y e a r s  E B R - I 1  has o p e r a t e d  s a f e l y ,  has demons t r a t ed  s t a b l e  o p e r a t i n g  

charac te r i s t ics ,  has shown e x c e l l e n t  pe r fo rmance  o f  i ts  sodium compo- 

n e n t s ,  and has had a n  e x c e l l e n t  p l a n t  f a c t o r .  These years o f  o p e r a t i n g  

e x p e r i e n c e  p r o v i d e  a v a l u a b l e  r e s o u r c e  t o  t h e  n u c l e a r  community f o r  the 

development  and d e s i g n  o f  f u t u r e  l i q u i d  metal f a s t  r e a c t o r s .  

This  r e p o r t  p r o v i d e s  a b r i e f  d e s c r i p t i o n  of  t h e  E B R - I 1  p l a n t  and 

its ear ly  o p e r a t i n g  e x p e r i e n c e ,  d e s c r i b e s  some r e c e n t  problems o f  i n t e r -  

est  t o  t h e  n u c l e a r  community,  and a l s o  men t ions  some o f  t h e  s i g n i f i c a n t  

o p e r a t i n g  a c h i e v e m e n t s  of  E B R - 1 1 .  F i n a l l y ,  a few words and  s p e c u l a t i o n s  

on  E B R - 1 1 ' s  f u t u r e  are  o f f e r e d .  

2.0 INTRODUCTION 

E x p e r i m e n t a l  Breeder R e a c t o r  No. I1 ( E B R - 1 1 )  is  an  unrnoderated,  

sodium-cooled ,  r e a c t o r  which was d e s i g n e d  and c o n s t r u c t e d  f o r  t h e  USAEC 

between 1957 and  1963 a t  t h e  I d a h o  N a t i o n a l  E n g i n e e r i n g  L a b o r a t o r y .  I t  

has been  o p e r a t e d  by Argonne N a t i o n a l  L a b o r a t o r y  s i n c e  i n i t i a l  power 

o p e r a t i o n  began i n  1964.  Dur ing  t h e  las t  20 years E B R - I 1  h a s  o p e r a t e d  
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s a f e l y  a n d  has d e m o n s t r a t e d  h i g h  p l a n t  a v a i l a b i l i t y  a n d  e x c e l l e n t  p e r -  

fo rmance  o f  i ts  sodium components .  

The o r i g i n a l  g o a l  o f  E B R - I 1  o p e r a t i o n  was the  d e m o n s t r a t i o n  o f  t h e  

f e a s i b i l i t y  o f  a sodium-cooled f a s t  r e a c t o r  o p e r a t i n g  as a power p l a n t  

w i t h  f u e l - p r o c e s s i n g  c a p a b i l i t i e s  p r o v i d e d  by a n  a d j a c e n t  F u e l  C y c l e  

F a c i l i t y  (FCF) which was d e s i g n e d  fo r  a t h r o u g h o u t  o f  1000  k g / y r .  

Dur ing  t h e  f i v e  y e a r s  t h a t  E B R - I 1  was o p e r a t e d  i n  t h i s  mode o v e r  35,000 

f u e l  e l e m e n t s ,  or r o u g h l y  f i v e  c o r e  l o a d i n g s  were made i n  t h e  FCF and 

t u r n a r o u n d  times as s h o r t  as o n e  month between f u e l  o u t  of t h e  r e a c t o r  

t o  f u e l  back i n t o  t h e  reactor  were a c h i e v e d .  T h i s  i n i t i a l  p h a s e  of 

o p e r a t i o n ,  i n v o l v i n g  o n - s i t e  r e p r o c e s s i n g  o f  f u e l  was comple t ed  i n  

1969. 

T h i s  p h a s e  o f  E B R - 1 1 ' s  o p e r a t i o n  d e m o n s t r a t e d  t h e  f e a s i b i l i t y  of 

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

i n g  f a c i l i t y .  The a d v a n t a g e s  o f  t h i s  t y p e  o f  o p e r a t i o n  were t h a t  t h e  

r a p i d  f u e l  t u r n a r o u n d  time a l l e v i a t e d  t h e  need  f o r  l a rge  f u e l  i nven-  

to r ies  and  t h a t  t h e r e  was no need  f o r  s p e n t  f u e l  t r a n s p o r t a t i o n  o f f  t h z  

reactor s i t e .  

After s u c c e s s f u l  d e m o n s t r a t i o n  of t h e  i n t e g r a l  f u e l  c y c l e  c o n c e p t ,  

the  r o l e  of E B R - I 1  was r e d i r e c t e d  t o  t h a t  of a n  i r r a d i a t i o n  f a c i l i t y  f o r  

f a s t  reactor f u e l s  and s t r u c t u r a l  materials.  The i r r a d i a t i o n  program 

has e v o l v e d  from a v e r y  c o n s e r v a t i v e ,  s t e a d y - s t a t e  program t o  t h e  p r e -  

s e n t  o p e r a t i o n a l  r e l i a b i l i t y  t e s t i n g  ( O R T )  p rog ram.  The ORT program 
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u t i l i z e s  E B R - I 1  f o r  a more a g g r e s s i v e  i r r a d i a t i o n  program c o n s i s t i n g  of 

( a )  run-beyond-c ladding-breach  ( R B C B )  tes ts ,  ( b )  o p e r a t i o n a l  t r a n s i e n t  

tests s i m u l a t i n g  d u t y - c y c l e  t r a n s i e n t s  and m i l d  over-power t r a n s i e n t s  on 

f u e l  e l e m e n t s ,  and ( e )  t h e r m a l - h y d r a u l i c  t e s t i n g  of c l u s t e r s  of f u e l  

e l e m e n t s  unde r  b o t h  normal  and n a t u r a l  c o n v e c t i o n  modes ?f c o o l i n g  f o r  

t e s t i n g  and v e r i f i c a t i o n  of shutdown hea t - r emova l  c o d e s .  

3.0 PLANT DESCRIPTION 

E B R - I 1  is a sodium-cooled reactor w i t h  a d e s i g n  power o f  62 .5  MWt; 

a c losed ,  i n t e r m e d i a t e  sodium l o o p ;  and a c o n v e n t i o n a l  steam p l a n t  and  

t u r b i n e  g e n e r a t o r  which  p r o d u c e  20 MW of e l e c t r i c a l  power (see 

F i g .  1 ) .  The main b u i l d i n g s  of t h e  E B R - I 1  p l a n t  a re  t h e  reactor b u i l d -  

i n g ,  sodium b o i l e r  b u i l d i n g ,  and  power p l a n t  b u i l d i n g .  A h o t  f u e l  

e x a m i n a t i o n  f a c i l i t y  (HFEF) a d j a c e n t  t o  E B R - I 1  is used  t o  assemble 

e x p e r i m e n t s  f o r  i r r a d i a t i o n  i n  t h e  r e a c t o r ,  and  t o  examine i r r a d i a t e d  

e x p e r i m e n t s .  Part of  t h e  HFEF (HFEF/South) was o r i g i n a l l y  t h e  f u e l  

cycle facility (FCF), which was designed t o  reprocess spent fuel from 

EBR-11. 

The reac tor ,  major pr imary-sys tem components  and p i p i n g ,  a n d  much 

of t h e  f u e l - h a n d l i n g  equ ipmen t  are submerged i n  a l a r g e ,  d o u b l e - w a l l e d  

t a n k  c o n t a i n i n g  o v e r  341 m 3  of 473OC sodium as shown i n  F i g .  2. The two 

main c e n t r i f u g a l  p r i m a r y  pumps, each ra ted  a t  0.347 m3/s,  t ake  s u c t i o n  

from the  b u l k  sodium. T h i s  sodium is  c i r c u l a t e d  i n  a s i n g l e  p a s s  

t h r o u a h  t h e  r e a c t o r ,  t h r o u g h  t h e  s i n g l e  o u t l e t  p i p e  t o  t h e  i n t e r m e d i a t e  
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P r i n c i p a l  EBR-II f a c i l i t i e s .  S h o w n  f r o m  l e f t  t o  r i g h t  a r e  t h e  
sodium boi ler  building, t h e  r e a c t o r  a n d  i t s  c o n t a i n m e n t  

building, a n d  t h e  power  p l a n t  bui lding 
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h e a t  exchange r  ( I H X ) ,  and back t o  t h e  b u l k  sodium. A dc  e l e c t r o m a g n e t i c  

pump, r a t e d  a t  0.032 m 3 / s ,  i s  i n  t h e  o u t l e t  p i p e .  The pump o p e r a t e s  

c o n t i n u o u s l y  f o r  t h e  s p e c i f i c  pu rpose  of removing decay  h e a t ,  i f  b o t h  

p r i m a r y  pumps s h o u l d  become i n o p e r a t i v e .  

The s e c o n d a r y  system is an  i n t e r m e d i a t e  c l o s e d  l o o p  be tween t h e  

p r i m a r y  s y s t e m  and t h e  steam s y s t e m .  The p o r t i o n  of t h e  s e c o n d a r y  

system which i n t e r f a c e s  w i t h  t h e  steam g e n e r a t i n g  equipment  i s  l o c a t e d  

i n  t h e  sodium b o i l e r  b u i l d i n g .  The s e c o n d a r y  sodium l o o p  c o n t a i n s  a b o u t  

50 m 3  o f  sodium. 

The s e c o n d a r y  sodium is  pumped from a s u r g e  t a n k  t o  t h e  i n t e r m e -  

d i a t e  h e a t  exchange r  i n  t h e  r e a c t o r  b u i l d i n g  a t  a maximum ra t e  o f  

0.41 m3/s by a n  a l t e r n a t i n g  c u r r e n t ,  e l e c t r o m a g n e t i c  pump. I t  i s  h e a t e d  

from 305OC t o  a b o u t  467OC i n  t h e  I H X .  The h e a t e d  sodium t h e n  f l o w s  

t h r o u g h  two p a r a l l e l  s u p e r h e a t e r s  and s e v e n  p a r a l l e l  e v a p o r a t o r s  b e f o r e  

r e t u r n i n g  t o  t h e  s u r g e  t a n k  a t  3 0 5 O C .  

S u p e r h e a t e d  steam is s u p p l i e d  t o  t h e  power p l a n t  b u i l d i n g  a t  a b o u t  

8.62 MPa. The s u p e r h e a t e d  steam e i t h e r  can  be dumped t o  t h e  c o n d e n s e r  

o r  u sed  t o  produce  20 MW of  e l ec t r i c i ty  v i a  t h e  t u r b i n e  g e n e r a t o r .  The 

g e n e r a t e d  e l ec t r i ca l  power is  d i s t r i b u t e d  t o  a 138 kV commerc ia l  power 

l o o p ;  however ,  t h e  i n - p l a n t  d i s t r i b u t i o n  s y s t e m  w i l l  a u t o m a t i c a l l y  

i so la te  t h e  E B R - I 1  s i t e  from commercial power d u r i n g  p e r i o d s  of electr i -  

ca l  d i s t u r b a n c e s  on t h e  commerc ia l  l o o p  and  a l l o w  E B R - I 1  t o  c o n t i n u e  

u n i n t e r r u p t e d  o p e r a t i o n  on  its own power.  
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rods  

The r e a c t o r  was d e s i g n e d  t o  be o p e r a t e d  w i t h  t w e l v e  f u e l e d  c o n t r o l  

Two f u e l e d  s a f e t y  r o d s  were a l s o  p r o v i d e d  f o r  a s h u t  down method 

i n d e p e n d e n t  o f  t he  c o n t r o l  rods d u r i n g  r e a c t o r  o p e r a t i o n  and  t o  p r o v i d e  

r e m o v a b l e  r e a c t i v i t y  d u r i n g  f u e l  h a n d l i n g .  C o n t r o l  rods  and  s a f e t y  rods  

are similar t o  s t a n d a r d  d r i v e r  s u b a s s e m b l i e s ,  b u t  c o n t a i n  o n l y  two- 

t h i r d s  t h e  number o f  f u e l  e l e m e n t s .  A t  p r e s e n t ,  f o u r  of t h e  c o n t r o l  

rods h a v e  been  removed t o  accommodate i n - c o r e  t e s t  f a c i l i t i e s .  Any o n e  

of t h e  r e m a i n i n g  e i g h t  f u e l e d  c o n t r o l  r o d s  may be u s e d  f o r  r e a c t o r  

c o n t r o l  and a l l  of  t h e  c o n t r o l  r o d s  are u s e d  f o r  reactor scram. One 

c o n t r o l  rod c a n  b e  d r i v e n  by a computer  t o  p r o v i d e  a u t o m a t i c  power 

c o n t r o l  a n d  s h a p i n g  o f  power t r a n s i e n t s  f o r  f u e l  t e s t i n g .  The d r i v e  

s y s t e m  f o r  t h e  two s a f e t y  rods  has been m o d i f i e d  t o  a l l o w  them t o  be 

used  f o r  r e a c t i v i t y  sh im c o n t r o l .  

4.0 OPERATING E X P E R I E N C E  

E B R - I 1  has  a c h i e v e d  a r e s p e c t a b l e  o p e r a t i n g  record o v e r  t h e  l a s t  20 

y e a r s .  Dur ing  t h e  f i r s t  s e v e r a l  y e a r s ,  some ope ra t iona l  a n d  equ ipmen t  

p r o b l e m s  were e x p e r i e n c e d ;  however ,  these were p r i m a r i l y  d u e  t o  d e s i g n  

d e f i c i e n c i e s  and  were corrected as t h e y  o c c u r r e d .  S i n c e  t h e  l a t e  

1960's, E B R - I 1  has been a v e r y  r e l i a b l e  f a c i l i t y .  The p e r f o r m a n c e  of 

t h e  reactor has been v e r y  good ,  t h e  r e a c t o r  has been  e a s i l y  c o n t r o l l e d  

and o p e r a t i o n  h a s  been s t a b l e .  Pe r fo rmance  o f  t h e  major s y s t e m s  and  

components  has a l s o  been  v e r y  good,  Even w i t h  E B R - 1 1 ' s  e x c e l l e n t  

r e c o r d ,  however ,  t h e r e  have  been some o p e r a t i n g  a n d  equ ipmen t  p rob lems  

which  s h o u l d  b e  of  i n t e r e s t  t o  t h e  n u c l e a r  community. The equipment  and 
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o p e r a t i n g  problems of i n t e re s t  and s i g n i f i c a n t  a c h i e v e m e n t s  a r e  b r i e f l y  

d i s c u s s e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

4.1 Recent  Equipment and O p e r a t i o n a l  Problems 

4.1.1 S t i c k i n g  o f  t h e  L a r g e - R o t a t i n g  P lug  

The large r o t a t i n g  p l u g  i s  s u p p w t e d  by t h e  p r i m a r y  t a n k  s u p p o r t  

s t r u c t u r e  and  t h e  small r o t a t i n g  p l u i ~  is  p o s i t i o n e d  o f f - c e n t e r  and 

s u p p o r t e d  by t h e  l a r g e  r o t a t i n g  p l u g .  Around t h e  p e r i p h e r y  of  each  p l u g  

is a d i p  r i n g  o r  b l a d e  t h a t  d i p s  i n t o  a s e a l  t r o u g h  f i l l e d  w i t h  a t i n -  

b i smuth  e u t e c t i c  a l l o y .  The a l l o y  p r o v i d e s  t h e  s ea l  between t h e  c o v e r  

g a s  and t h e  r e a c t o r  b u i l d i n g  a tmosphe re  b o t h  d u r i n g  f u e l  h a n d l i n g  i n  t h e  

c o r e  when i t  is  mol t en  and d u r i n g  r e a c t o r  o p e r a t i o n  when i t  is  s o l i d .  

F i g u r e  3 shows a c r o s s  s e c t i o n  o f  t h e  l a r g e  r o t a t i n g  p l u g  sea l .  

R o t a t i o n a l  s t i c k i n g  problems w i t h  t h e  r o t a t i n g  s ea l  p l u g s  have  

p e r s i s t e d  s i n c e  t h e  p r i m a r y  t a n k  w a s  f i l l e d  with sodium. During the 

first  e i g h t  t o  t e n  y e a r s  of o p e r a t i o n ,  t h e  s t i c k i n g  p rob lems  were p r i -  

m a r i l y  caused  by t h e  f o r m a t i o n  o f  a d r y ,  b l a c k ,  powdery material  (ox-  

i d i z e d  a l l o y )  on t h e  s u r f a c e  of t h e  s ea l  a l l o y  on  t h e  a i r  s i d e  o f  t h e  

seals .  The powdery o x i d e  would mix w i t h  t h e  m o l t e n  sea l  a l l o y  when t h e  

p l u g s  were r o t a t i n g  and would form a m i x t u r e  o f  o x i d e s  and  seal  a l l o y .  

When t h e  o x i d e  l a y e r  became t h i c k  enough,  i t  would p r o v i d e  enough i n -  

s u l a t i o n  t h a t  t h e  mixture  of o x i d e  and a l l o y  c o u l d  n o t  be e a s i l y  m e l t e d  

w i t h  t:ie s e a l  heaters and would r ema in  as a h a r d  c r u s t  a f t e r  t h e  r e s t  of  
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the  a l l o y  was m o l t e n .  I n  1966,  an  18-mm-dia h o l e  was d r i l l e d  t h r o u g h  

t h e  s t ee l  and h i g h - d e n s i t y  c o n c r e t e  of each of t h e  s h i e l d  p l u g s  t o  g a i n  

access t o  t h e  seals  f o r  c l e a n i n g .  During the  e a r l y  a t tempts  t o  c l e a n  

t h e  seal  a l l o y ,  i t  was d i s c o v e r e d  t h a t  t h e  o x i d e  would adhere t o  a 

s t a i n l e s s  s t e e l  b r u s h  and  t h a t  i t  c o u l d  be removed from t h e  m o l t e n  a l l o y  

u s i n g  b r u s h e s .  Al though time consuming,  t h e  b r u s h  c l e a n i n g  t e c h n i q u e  

was e f f e c t i v e  and p r o v i d e d  r e l a t i v e l y  t r o u b l e  f r e e  r o t a t i o n .  I n  1972,  a 

76-mm-dia h o l e  was d r i l l e d  t h r o u g h  t h e  s u p p o r t  s t r u c t u r e  and t h r o u g h  t h e  

t o p  p a r t  o f  t h e  seal  t r o u g h  wall t o  p r o v i d e  i n c r e a s e d  access t o  t h e  a i r  

s i d e  of t h e  l a r g e  p l u g  sea l .  A similar h o l e  was d r i l l e d  f o r  a c c e s s  t o  

the a i r  s i d e  o f  t h e  small p l u g  s e a l .  The new a c c e s s  h o l e s  a l l o w e d  a 

more d i r e c t  means of c l e a n i n g  t h e  sea l  a l l o y  u s i n g  s i e v e - l i k e  d i p p e r s .  

Even though t h e  a i r  s i d e  of t h e  sea ls  c o u l d  be  k e p t  c l e a n ,  p e r i o d i c  

s t i c k i n g  o f  t h e  l a r g e  p l u g  c o n t i n u e d  and became p r o g e s s i v e l y  worse .  It; 

was s u s p e c t e d  t ha t  t h e  l o c a t i o n  o f  t h e  s t i c k i n g  was on t h e  a r g o n  s i d e  o f  

t he  s e a l ,  To i n v e s t i g a t e ,  a 76-mm-dia h o l e  was d r i l l e d  t h r o u g h  t h e  

l a r g e  p l u g  d i r e c t l y  above t h e  a r g o n  s i d e  of t h e  sea l  t r o u g h .  I n s p e c t i o n  

t h r o u g h  t h e  new hole showed t h a t  t h e  large p l u g  s t i c k i n g  was d u e  t o  a 

l a r g e  a c c u m u l a t i o n  of material i n  t h e  a n n u l u s  between t h e  wa l l  of t h e  

l a r g e  p l u g  and  t h e  s e a l  t r o u g h  s u p p o r t  s t r u c t u r e .  Samples  of t h e  mater- 

i a l  showed i t  t o  be i n t e r m e t a l l i c  compounds o f  sodium and  t i n  ( N a 1 5 S n b )  

and  sodium and b ismuth  ( N a p B i ) .  

g r e a t e r  t h a n  4 0 0 O C ;  it  was s o f t  and gummy a t  temperatures as low as 

a b o u t  1 0 0 O C .  I t  is b e l i e v e d  t h a t  t h e  material is  formed by  t h e  r e a c t i o n  

o f  t h e  t i n - b i s m u t h  a l l o y  and  t h e  sodium v a p o r / a e r o s o l  which is  carr ied 

The m e l t i n g  p o i n t  of t h e  material was 
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t o  t he  a n n u l u s  r e g i o n  by a r g o n  c o n v e c t i o n  c u r r e n t s .  About 148 kg of 

material was removed and  f r ee  p l u g  r o t a t i o n  was r e s t o r e d  when t h e  annu- 

l u s  area was c l e a n e d  i n  1976. The c l e a n i n g  was per formed u s i n g  clam- 

s h e l l - t y p e  d i g g i n g  t o o l s  and a g l o v e  box.  

S i n c e  1976,  r o u t i n e  c l e a n i n g  of t h e  a i r  s i d e  o f  t h e  s e a l  and 

p e r i o d i c  c l e a n i n g  ( i . e .  s e v e n  times) of t h e  a n n u l u s  have been  n e c e s s a r y  

t o  m a i n t a i n  r o t a t i o n  of t h e  large p l u g .  Although t h e  c l e a n i n g  a c t i o n s  

mi t iga te  t h e  p l u g  s t i c k i n g  p rob lem,  c l e a n i n g  is n o t  t h e  f i n a l  s o l u -  

t i o n .  A t  p r e s e n t  an  a n n u l u s  pu rge  s y s t e m  i s  b e i n g  e v a l u a t e d .  I t  i s  

hoped t h a t  by i n t r o d u c i n g  a f l o w  o f  c l e a n  a r g o n  i n t o  t h e  a n n u l u s  area 

t h e  t r a n s p o r t  of sodium vapor  can be s u b s t a n t i a l l y  retarded o r  s t o p p e d  

c o m p l e t e l y .  

4 .1 .2  Loss of  C r i t i c a l  I n s t r u m e n t a t i o n  

Throughout  t h e  o p e r a t i n g  h i s t o r y  of EBR-11, a number o f  n o n r e p l a c e -  

able s e n s i n g  d e v i c e s  f o r  p r i m a r y  sodium f l o w ,  p r e s s u r e ,  and  t e m p e r a t u r e  

h a v e  f a i l e d .  O f  p r i m a r y  s i g n i f i c a n c e  is  t h e  loss  of p r i m a r y  f l o w  s e n -  

sors a:id c r i t i c a l  t e m p e r a t u r e  i n d i c a t i o n s .  

O r i g i n a l l y  t he re  were b o t h  m a g n e t i c  flowmeters and v e n t u r i  flow 

t u b e s  i n  each o f  t h e  f i v e  f l o w  p a t h s  of sodium ( i . e .  two flow p a t h s  t o  

t h e  c o r e ,  two f low p a t h s  t o  t h e  b l a n k e t  r e g i o n ,  and a s i n g l e  o u t l e t  flow 

p a t h ) .  A t  p r e s e n t  a l l  of t h e  flow t u b e s  e x c e p t  t h e  o n e  i n  t h e  r e a c t o r  

o u t l e t  p i p i n g  have  f a i l e d .  Also, three of t h e  f i v e  magrietic flowmeters 
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have  f a i l e d .  The two r e m a i n i n g  m a g n e t i c  flowmeters m o n i t o r  t h e  d i s -  

c h a r g e  f l o w  from one  of  t h e  p r imary  pumps t o  t h e  c o r e  and t o  t h e  b l a n k e t  

r e g i  on.  

A s u b s t i t u t e  f o r  t h e  f a i l e d  m a g n e t i c  f l o w m e t e r  i n  t h e  r e a c t o r  

o u t l e t  p i p i n g  has been  i n s t a l l e d  and  i n c o r p o r a t e d  i n t o  t h e  reactor 

shutdown s y s t e m .  T h i s  new flow s e n s o r  is a p r e s s u r e  t r a n s m i t t e r  which 

s e n s e s  t h e  p r e s s u r e  i n  t h e  o u t l e t  plenum of t h e  reactor.  I t  i s  i n s t a l -  

Sed o n  t h e  end of a r emovab le  p r o b e ,  which is mounted on t h e  small 

r o t a t i n g  p l u g  and which p e n e t r a t e s  i n t o  t h e  u p p e r  plenum o f  t h e  r e a c t o r  

vessel. Because the o u t l e t  plenum p i p i n g  has fixed geometry and d i s -  

c h a r g e s  t o  t h e  p r i m a r y  t a n k  sodium a t  a c o n s t a n t  p r e s s u r e ,  t h e  p r e s s u r e  

d r o p  i n  t h e  o u t l e t  p i p i n g  is  p o r p o r t i o n a l  t o  t h e  s q u a r e  of r e a c t o r  

o u t l e t  flow and c a n  be  p r o c e s s e d  t o  p roduce  a n  o u t l e t  f l o w  i n d i c a t i o n .  

T h i s  f l o w  s e n s o r ' s  p e r f o r m a n c e  has been e x c e l l e n t  s i n c e  i t  was i n s t a l -  

l e d .  I t  is c u r r e n t l y  p l a n n e d  t o  expand t h e  new s y s t e m  by a d d i n g  a 

s e c o n d  p r e s s u r e  s e n s o r  and t h e n  m o d i f y i n g  t h e  e x i s t i n g  o n e - o f - f o u r  f l o w  

t r i p  l o g i c  i n  t h e  r e a c t o r  shutdown s y s t e m  t o  a t w o - o f - f i v e  c o n f i g u r a t i o n  

f o r  i n c r e a s e d  r e l i a b i l i t y .  

Numerous t h e r m o c o u p l e s  and t e n  r e s i s t a n c e  t h e r m o m e t e r s  were i n s t a l -  

l e d  i n  t he  p r i m a r y  s y s t e m .  Many of t h e  t h e r m o c o u p l e s  and  a l l  o f  t h e  t e n  

o r i g i n a l  r e s i s t a n c e  thermometers h a v e  f a i l e d .  Because of t h e  r e d u n d a n c y  

i n  t h e  o r i g i n a l  d e s i g n ,  however ,  these f a i l u r e s  h a v e  c a u s e d  a problem i n  

m o n i t o r i n g  o n l y  one  p a r a m e t e r  -- t h e  t e m p e r a t u r e  of t h e  sodium e x i t i n g  

t h e  reactor .  O f  t h e  o r i g i n a l  f i v e  t h e r m o c o u p l e s  and two r e s i s t a n c e  
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thermometers i n  t h e  o u t l e t  p i p i n g ,  o n l y  o n e  t h e r m o c o u p l e  i s  s t i l l  func -  

t i o n i n g  and i t s  o p e r a t i o n  has become e r r a t i c .  S i n c e  t h i s  t e m p e r a t u r e  is 

used  t o  d e r i v e  core AT, a n d  used  by t h e  reactor o p e r a t o r s  as t h e  b a s i s  

fo r  power c o n t r o l ,  i t  was n e c e s s a r y  t o  d e v e l o p  a r e p l a c e m e n t  f o r  t h i s  

parameter before t h e  f i n a l  f u n c t i o n i n g  t h e r m o c o u p l e  f a i l e d .  

I n  1984,  two new s y s t e m s  were i n s t a l l e d .  The f i r s t  i s  a d e r i v e d  

reactor AT s i g n a l  which is  c o n t i n u o u s l y  r e c a l c u l a t e d  by a m i c r o p r o -  

c e s s o r .  The m i s c r o p r o c e s s o r  p e r f o r m s  a s e c o n d a r y  s y s t e m  c a l o r m e t r i c  

c a l c u l a t i o n  and  t h e n  d e v e l o p s  t h e  core AT based on e x i s t i n g  p r i m a r y  

s y s t e m  flow. The s e c o n d  s y s t e m  is a n  a v e r a g e  o f  f o u r  s u b a s s e m b l y  o u t l e t  

t e m p e r a t u r e s  measured  i n  t h e  uppe r  mix ing  plenum of  t h e  r e a c t o r .  T h i s  

a v e r a g e  o u t l e t  t e m p e r a t u r e  is a v e r y  c l o s e  a p p r o x i m a t i o n  of t h e  mixed 

r e a c t o r  o u t l e t  t e m p e r a t u r e  and is  used  as a backup t o  t h e  AT c a l c u -  

l a t i o n .  Both s y s t e m s  have worked v e r y  well s i n c e  t h e y  were i n s t a l l e d .  

4.1.3 Performance Degradation i n  a Superheater 

The e v a p o r a t o r s  and s u p e r h e a t e r s  are  d u p l e x - t u b e ,  d o u b l e - t u b e - s h e e t  

u n i t s .  I n  some of t h e  e v a p o r a t o r s  and one  of t h e  s u p e r h e a t e r s ,  t h e  

d u p l e x  t u b e s  were bonded by m e c h a n i c a l  means and i n  t h e  o t h e r s ,  a "so l -  

d e r i n g "  p r o c e s s  was used .  

I n  1974,  t h e  s u p e r h e a t e r  c o n t a i n i n g  m e c h a n i c a l l y  bonded d u p l e x  

t u b e s  began  showing sudden  decreases i n  steam o u t l e t  t e m p e r a t u r e  j u s t  as 

f u l l  power was approached. T h i s  b e h a v i o r  was b e l i e v e d  t o  be  c a u s e d  by 
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a n  i n c r e a s e d  thermal r e s i s t a n c e  o f  the  d u p l e x  t u b e s  c a u s e d  by a r e d u c -  

t i o n  i n  t h e  c o n t a c t  p r e s s u r e ,  and f i n a l l y ,  a c t u a l  s e p a r a t i o n .  The 

s u p e r h e a t e r  was removed from s e r v i c e  i n  1981 a n d  r e p l a c e d  w i t h  o n e  of 

t h e  e x i s t i n g  e v a p o r a t o r s  which had been  c o n v e r t e d  t o  a s u p e r h e a t e r  

d u r i n g  t h e  p r e v i o u s  y e a r .  The c o n v e r t e d  e v a p o r a t o r  has  worked w i t h o u t  

p r o b l e m s  s i n c e  i t  was i n s t a l l e d .  

4 . 1 . 4  F a i l u r e  of an  Antimony-Beryl l ium S o u r c e  

I n  F e b r u a r y ,  1 9 8 4 ,  t h e  p r i m a r y  sodium p l u g g i n g  t e m p e r a t u r e  e x c e e d e d  

177°C,  t h e  t e c h n i c a l  s p e c i f i c a t i o n  l i m i t  f o r  r e a c t o r  o p e r a t i o n .  Sub- 

s e q u e n t  a n a l y s i s  of sodium s a m p l e s  i d e n t i f i e d  a n  u n u s u a l l y  h i g h  concen-  

t r a t i o n  of an t imony  i n  t he  sodium. T h i s  was the  f i r s t  time t h a t  a n t i -  

mony had e v e r  been  i d e n t i f i e d  as a s i g n i f i c a n t  sodium c o n t a m i n a t e .  

S i n c e  t h e  normal  p l u g g i n g  s p e c i e s  of oxygen,  h y d r o g e n ,  a n d  b i s m u t h  were 

p r e s e n t  i n  t h e  sodium i n  t h e i r  normal  c o n c e n t r a t i o n  l e v e l s ,  i t  was 

c o n c l u d e d  t h a t  an t imony  was the  c a u s e  of t h e  h i g h e r - t h a n - n o r m a l  p l u g g i n g  

t e m p e r a t u r e .  The o n l y  s o u r c e s  of  an t imony  i n  t h e  core were th ree  a n t i -  

mony-beryl l ium n e u t r o n  s o u r c e s .  An a n t i m o n y - b e r y l l i u m  s o u r c e  is a two- 

p i e c e  a s s e m b l y  c o m p r i s i n g  a s o u r c e  rod which c o n t a i n s  an t imony  and a 

b e r y l l i u m  t h i m b l e  i n t o  which t h e  s o u r c e  r o d  is i n s e r t e d  o n c e  i t  has been  

a c t i v a t e d .  

D u r i n g  r emova l  of t h e  s o u r c e  r o d s  from t h e  c o r e  f o r  i n s p e c t i o n ,  o n e  

of t h e  r o d s  was f o u n d  t o  be p r o t r u d i n g  from i ts  s t a i n l e s s  s t e e l  s t o r a g e  

t h i m b l e  a b o u t  178  mm f a r t h e r  t h a n  no rma l .  When t h i s  s o u r c e  r o d  was 
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removed from t h e  c o r e ,  o n l y  t h e  t o p  h a l f  of  t h e  r o d  came o u t  of t h e  

t h i m b l e ,  t h e  bot tom h a l f  of  t h e  r o d  which c o n t a i n e d  the  an t imony re- 

mained i n  t h e  t h i m b l e .  A f t e r  t h e  s t a i n l e s s  s t e e l  t h i m b l e  was removed 

( w i t h  a g r e a t  deal of  d i f f i c u l t y )  f rom t h e  c o r e  f o r  i n s p e c t i o n ,  a v i s u a l  

e x a m i n a t i o n  revealed a 203-216-mm l o n g  crack i n  t h e  14.7-mm t h i c k  wal l  

o f  t h e  t h i m b l e  (see F i g .  4 ) .  The r e m a i n s  o f  t h e  s o u r c e  r o d  were removed 

by c u t t i n g  t h e  t h i m b l e  open .  

It has been p o s t u l a t e d  t h a t  a small defect  had d e v e l o p e d  i n  t h e  

t a n t a l u m  c lad  s u r r o u n d i n g  t h e  a n t i m o n y ,  c a u s i n g  a v e r y  e n e r g e t i c  reac- 

t i o n  w i t h  t h e  an t imony .  T h i s  r e a c t i o n  pushed  t h e  t o p  o f  t h e  s o u r c e  r o d  

upward 178-mm, s p l i t  t h e  c lad  a round  t h e  s o u r c e  r o d ,  and u l t i m a t e l y  

s p l i t  t h e  s t a i n l e s s  s t e e l  s t o r a g e  t h i m b l e .  When t h e  s o u r c e  r o d  c l a d d i n g  

was s p l i t ,  t h e  p r imary  sodium was a l l o w e d  t o  f low p a s t  t h e  an t imony and 

t h e  r e a c t i o n  c o n t i n u e d  u n t i l  t h e  an t imony was consumed. I t  is b e l i e v e d  

t h a t  v i r t u a l l y  a l l  of  t h e  an t imony went i n t o  s o l u t i o n  i n  t h e  p r i m a r y  

s o d i  urn. 

After t h e  v i s u a l  e x a m i n a t i o n  o f  t h e  f a i l e d  s o u r c e  r o d  a n d  t h i m b l e ,  

t h e  two r e m a i n i n g  s o u r c e  r o d s  were removed f rom t h e  r e a c t o r  u n t i l  a more 

s a t i s f a c t o r y  n e u t r o n  s o u r c e  c o u l d  be d e s i g n e d .  I n  t h e  i n t e r i m ,  a tem- 

p o r a r y  s o u r c e  made o f  s o l i d  b e r y l l i u m  was i n s t a l l e d  i n  t h e  r e a c t o r .  The 

main d i s a d v a n t a g e  of t h i s  s o u r c e  is t h a t  i s  has a h a l f  l i f e  t o  a b o u t  

1 2 . 8  days b e c a u s e  i t  depends  on  f i s s i o n  p r o d u c t  d e c a y  gammas i n s t e a d  of  

t h e  60-d gamma decay  h a l f  l i f e  o f  t h e  an t imony s o u r c e .  
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4 .2  E B R - I 1  Achievements 

To balance the  previous paragraphs on plant and operational prob- 

lems, i t  is appropriate t o  mention some of the many s i g n i f i c a n t  achieve- 

ments which have occurred a t  E B R - 1 1 .  The following i s  a br ief  l i s t i n g  

of the more s i g n i f i c a n t  achievements. 

4.2.1 Plant Capacity Factor 

Since 1975, E B R - 1 1 ' s  annual plant capacity fac tor  has averaged 

70.5%. The best  was 77.1%, achieved i n  1980. Annual capacity f a c t o r s  

could probably be increased by  5-109 i f  E B R - I 1  were not operated a s  an 

experimental f a c i l i t y .  See Table I f o r  annual capacity f a c t o r s .  

4.2.2 Metal Fuel Experience 

Twenty  years of experience w i t h  meta l l ic  fue l  have shown t h a t  t h i s  

fuel  performs exceptionally well. Burnup l i m i t s  have been increased 

incrementally from a n  i n i t i a l  value of 1.0 a t . %  i n  1954 t o  8.0 a t . %  

today. Experimental fue l  specimens have been successful ly  i r r a d i a t e d  t o  

18.5 a t .% and preparations a r e  being made t o  increase the e x i s t i n g  

burnup l i m i t  t o  10 a t . % .  EBR-11's present f u e l  design has a l s o  demon- 

s t r a t e d  its resis tance t o  f a i l u r e  unde r  repeated, severe power tran- 

s i e n t s  by t h e  successful completion of a qua l i f ica t ion  program which 

imposed 56 slow t r a n s i e n t s  from 24 M W t  t o  62.5 MWt a t  a r a t e  of 0 .4  M W / s  

and 13 f a s t  t r a n s i e n t s  from 26 MWt t o  52.5 MWt a t  a r a t e  of 4 MW/s. 
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Also ,  i n  recent t e s t s  on two experimental subassemblies, f u e l  p i n s  were 

operated a t  peak fuel /c lad in te r face  temperatures above 75OOC f o r  twelve 

hours without a cladding breach occurring ( a t  715OC e u t e c t i c  formation 

begins between 316 s t a i n l e s s  s t e e l  and uranium). 

4.2.3 Experimental I r r a d i a t i o n  Experience 

Since E B R - I 1  assumed i ts  mission as  an i r r a d i a t i o n  f a c i l i t y ,  i t  has 

been used t o  i r r a d i a t e  more than  13,000 specimens of various f u e l ,  

s t r u c t u r a l ,  and adsorber mater ia ls  i n  830 d i f f e r e n t  experimental subas- 

sembl ies  . 

4.2.4 Personnel Exposure t o  Radiation 

Exposure of the operating and maintenance personnel has h i s t o r i -  

c a l l y  been kept a t  very low l e v e l s .  T h i s  i s  due primarily t o  the  f a c t  

t h a t  the  major rad ia t ion  concern i n  a sodium cooled reactor  is 24Na 

which has a 15 h half  l i f e .  T h i s  r e l a t i v e l y  short  half  l i f e  allows 

ample time f o r  decay before performing maintenance without grea t ly  

impacting plant f a c t o r .  Over the l a s t  ten years ,  the average annual 

exposure t o  an operator or  ins t rument  technician has been about 90- 

100 m R e m  and t o  a maintenance technician,  about 500 mRem. 
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4.2.5 F i s s i o n  P r o d u c t  Release t o  t h e  Envi ronment  

R a d i o i s o t o p e  releases t o  t h e  env i ronmen t  o v e r  t h e  l a s t  s e v e n  y e a r s  

have  a v e r a g e d  a b o u t  130 C i / y r .  T h i s  has been  due p r i m a r i l y  t o  f i s s i o n  

gases which a re  released t o  t h e  p r i m a r y  c o v e r  g a s  f rom breached f u e l  

p i n s  i r r a d i a t e d  t o  and beyond c l a d d i n g  breach as p a r t  o f  t h e  i r r a d i a t i o n  

program.  Xenon and k r y p t o n  a re  removed from the  c o v e r  g a s  by a c ryo-  

g e n i c  g a s  c l e a n u p  sys t em which s t o r e s  t he  f i s s i o n  g a s e s  f o r  d e c a y .  If 

i t  were n o t  f o r  t h e  f a c t  t h a t  t h e  c r y o g e n i c  sump must  be  p e r i o d i c a l l y  

dumped t o  a c h a r c o a l  a b s o r b e r ,  EBR-I1  would be a near-zero release 

f a c i l i t y ,  However, when t h e  sump is dumped, t h e  c h a r c o a l  a b s o r b e r  bed 

releases l o n g - l i v e d  "Kr t o  t h e  a tmosphe re .  

5.0 THE FUTURE 

5.1 Programs 

The  present program of f u e l  irradiations and operational reli- 

a b i l i t y  t e s t i n g  is s c h e d u l e d  to c o n t i n u e  t h r o u g h  1986. I n  a d d i t i o n  to 

these p rograms ,  EBR-I1 is a c t i v e l y  i n v o l v e d  i n  t e s t i n g  of new components  

and  materials is s u p p o r t  o f  advanced  l i q u i d  metal f a s t  reactor d e s i g n s  

and  is a l s o  b e i n g  c o n s i d e r e d  f o r  t e s t i n g  of ma jo r  s y s t e m  components  s u c h  

as advanced-des ign  steam g e n e r a t o r s .  
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5.2  Metal Fuels - A New I n i t i a t i v e  

On the eve of E B R - 1 1 ' s  twentieth anniversary,  Argonne National 

Laboratory was developing an advanced L i q u i d  Metal Reactor ( L M R )  concept 

t h a t  could promise improved, inherent s a f e t y  c h a r a c t e r i s t i c s ,  low cap- 

i t a l  c o s t ,  and economic fue l  cycle closure.  The concept, t i t l e d  the 

In tegra l  Fast Reactor ( I F R ) ,  is based on four basic technical fea- 

tu res .  These fea tures  are:  ( 1 )  l i q u i d  sodium cooling, ( 2 )  pool-type 

reactor  configuration, ( 3 )  metal l ic-fuel  core design, and (4) an integ- 

r a l  f u e l  cycle  w i t h  a n  on-si te  f u e l  cycle f a c i l i t y  u t i l i z i n g  pyrometal- 

l u r g i c a l  reprocessing and inject ion-cast  f u e l  fabr ica t ion .  

The IFR concept has a number of s p e c i f i c  technical advantages t h a t  

co l lec t ive ly  address the poten t ia l  d i f f i c u l t i e s  facing the  LMR today. 

The three  main advantages a r e  i n  the areas  of fue l  performance, repro- 

cessing and f a b r i c a t i o n ,  and safe ty .  

The w o r k  scope and  p r o g r e s s  i n  t h e  I F R  c o n c e p t  are summar ized  below 

f o r  each of t h e  three  main technology areas .  T h i s  work involves not 

only the u t i l i z a t i o n  of E B R - I 1  fo r  f u e l  development and demonstration, 

b u t  a l s o  r e l a t e d  development e f f o r t s  by  other A N L  reactor  program 

organizations.  
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5.2.1 F u e l  Pe r fo rmance  Demons t r a t ion  

The bas ic  p h y s i c a l  p r o p e r t i e s  of t h e  IFR f u e l  and  t h e  f u e l / c l a d d i n g  

i n t e r a c t i o n s  o v e r  a r a n g e  o f  c o n d i t i o n s ,  c o m p o s i t i o n s ,  and t e m p e r a t u r e s  

are  t o  b e  e s t a b l i s h e d .  T h i s  work is  p r o c e e d i n g  a t  t h e  p r e s e n t  time. 

O u t - o f - r e a c t o r  e x p e r i m e n t s  t o  e s t a b l i s h  t h e  c o m p a t i b i l i t y  of t he  IFR 

f u e l  w i t h  advanced  c l a d d i n g  mater ia ls ,  t o  c h a r a c t e r i z e  t h e  d i s t r i b u t i o n  

of t he  a l l o y i n g  e l e m e n t s  w i t h i n  t h e  f u e l ,  t o  measu re  t h e  thermal and  

p h y s i c a l  p r o p e r t i e s  of t h e  f u e l ,  and  t o  e s t a b l i s h  c a l c u l a t i o n a l  methods 

of mode l ing  t h e  f u e l  b e h a v i o r ,  a re  a l l  underway.  

A s e c o n d  o b j e c t i v e  is t o  expand t h e  IFR U-Pu-Zr f u e l  i r r a d i a t i o n  

da ta  base t o  p r o v i d e  t h e  t e c h n i c a l  b r i d g e  be tween t h i s  a l l o y  a n d  t h e  

e x t e n s i v e  E B R - I 1  data base a l r e a d y  i n  hand on  a r e l a t ed  metal f u e l .  The 

i n i t i a l .  t a s k  was t o  q u i c k l y  e s t a b l i s h  t h e  c a p a b i l i t y  f o r  IFR U-Pu-Zr 

f u e l  f a b r i c a t i o n  a t  A N L - W e s t ,  t h e n  t o  f a b r i c a t e  p r o t o t y p i c a l  f u e l  s u b a s -  

semblies f o r  i r r a d i a t i o n  i n  E B R - I 1  and  t h e  F a s t  F l u x  Test F a c i l i t y  

(FFTF) . 

The f u e l  f a b r i c a t i o n  c a p a b i l i t y ,  termed t h e  E x p e r i m e n t a l  F u e l s  

L a b o r a t o r y  (EFL) is now f u l l y  o p e r a t i o n a l .  A l l  three p l a n n e d  E B R - I 1  

lead t e s t  s u b a s s e m b l i e s  have  been  f a b r i c a t e d .  These lead  assemblies a re  

u n d e r g o i n g  i r r a d i a t i o n  i n  EBR-I1  a t  t h e  p r e s e n t  time. The FFTF tes t  

p l a n n i n g  and  p r e p a r a t i o n  is  a l s o  p r o g r e s s i n g  on s c h e d u l e .  
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5.2.2 Pyrometaliurgical Process Development 

The concept uses a reprocessing technique t h a t  promises subs tan t ia l  

advantages i n  c o s t ,  s impl ic i ty ,  and deployment f l e x i b i l i t y .  The objec- 

t i v e  of the task is t o  es tab l i sh  the chemical f e a s i b i l i t y  of the pro- 

posed processes f o r  recycle  of discharged core and blanket mater ia ls  and 

f o r  disposal of the fission-product waste. The major process s teps  a r e  

e l e c t r o r e f i n i n g ,  which w i l l  be used f o r  the core mater ia l ,  and hal ide 

slagging, which w i l l  be used f o r  the blanket. The work i s  t o  e s t a b l i s h  

tha t  product yields  w i l l  be adequate, tha t  fission-product removal will 

be s u f f i c i e n t ,  t h a t  container mater ia ls  and process reagents can be 

spec i f ied  and w i l l  perform as expected, and t h a t  the processes a r e  

adaptable t o  remote operations.  

The f i r s t  e lec t roref in ing  experiments on a mixture of uranium and 

simulated f i s s i o n  products have already been successful ly  completed. 

Plutonium-based e lec t roref in ing  and hal ide slagging work w i l l  s t a r t  

soon, as the construction of the  necessary glove box f a c i l i t i e s  is 

nearing completion. F ina l ly ,  demonstration of waste treatment f o r  the  

r e s u l t i n g  wastes, including meta l l ic ,  chlor ide s a l t ,  and gaseous vola- 

t i l e  waste is planned. A t  the end  of t h i s  development, the  process 

would be a r e a l i t y ,  on very nearly p r a c t i c a l  sca le .  
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5.2.3 Demonstration of Safety Character is t ics  

The new meta l l ic  fue l  promises improved, inherent sa fe ty  character-  

i s t i c s  due t o  the propert ies  of the f u e l .  I ts  high thermal conductivity 

r e s u l t s  i n  very favorable r e a c t i v i t y  feedback c h a r a c t e r i s t i c s  under 

loss-of-flow accident conditions s o  tha t  the sever i ty  of such events i s  

s i g n i f i c a n t l y  reduced. Further,  f i s s i o n  gases entrapped w i t h i n  the f u e l  

a l loy  matrix i t s e l f  may provide a self-dispers ive mechanism tha t  plays 

an important r o l e  i n  ear ly  termination of t rans ien t  overpower 

accidents .  The overa l l  objective of t h i s  task i s  t o  provide the 

experimental data t o  va l ida te  unique inherent sa fe ty  fea tures  and f u l l y  

character ize  the t o t a l i t y  of sa fe ty  features  associated w i t h  metal f u e l  

through de ta i led  ana lys i s ,  modeling, sa fe ty- re la ted  in-reactor t e s t s ,  

and out-of-reactor experiments. 

6.0 SUMMARY 

I n  addi t ion t o  t h e  invaluable contributions EBR-I1 h a s  made i n  the  

area of steady-state and t r a n s i e n t  f u e l s  t e s t i n g ,  the s a f e  and e f f i c i e n t  

operation of E B R - I 1  fo r  the l a s t  20 years represents  a s i g n i f i c a n t  

port ion of the ex is t ing  U.S. LMFBR operating experience. 

t h a t  E B R - I 1  w i l l  continue t o  contr ibute  t o  t h i s  experience base for  a t  

least  another 10 years s ince there  is a t  present no apparent l imi ta t ion  

due t o  any s i n g l e  component, p l a n t  system, o r  any i d e n t i f i e d  s i t u a t i o n s  

t h a t  would l i m i t  the plant l i f e  t o  less than 30 years. 

I t  is expected 
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T A B L E  I 

E B R - I 1  P L A N T  C A P A C I T Y  FACTOR 

YEAR CAP A C I T  Y FA CTOR - 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

*i <c 

A v e r  age 

58 .0  

39.1 

46 .9  

49.9 

58 .7  

66.1 

76.9 

71 . 5  

72.8 

71 . 1 

77.1 

73.0 

62 .3  

65 .5  

69.1 

70 .5  


