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To t h e  P r e s i d e n t  cf t h e  S e n a t e  and t h e  
Speaker  of t h e  House of R e p r e s e n t z t i v e s  

T h i s  is our  r e p o r t  on t h e  l i u u i d  m e t a l  f a s t  b r e e d e r  
I 

r e a c t o r  p roqram- -pss t ,  p r e s e n t ,  and f u t u r e .  

We made our  r ev iew p u r s u a n t  t o  t h e  Pudqet  3r.5 Account-  
i n g  Act,  1921 ( 3 1  U.S.C. 531, an2 t h e  Accoun t ing  and A u d i t -  
inq  A c t  of 1950 ( 3 1  5.S.C. 6 7 ) .  

We a r e  s e n d i n g  c o p i e s  of t h i s  r e p o r t  t o  t h e  D i r e c t o r ,  
9 f f i c e  of Management and Budge t ,  and :he A d m i l l i s t r a t o r ,  
Energy Resea rch  and Development A d m i n i s t r a t i o n .  
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COMPTROLLER GEFJERAL'S 
REPORT TO THE CONGRESS 

WHY THE REVIEW WAS MADE 

The l i q u i d  meta l  f a s t  breeder  r e a c t o r  
i s  o u r  N a t i o n ' s  h i a h e s t  p r i o r i t y  
energy program. A b reeder  r e a c t o r  
can c r e a t e  f o r  t h e  f u t u r e  more f u e l  
t h a n  i t  uses. 

Because o f  t h e  i n t e n s e  congress iona l  
and p u b i i c  i n t e r e s t  i n  t h i s  breeder  
and t h e  v e r y  l a r g e  smoicnts o f  Govern- 
ment and p r i v a t e  funds t h a t  have been 
and a r e  expected t o  be spent. t o  
develop it, GAd wanted t o  know how 
t h e  breeder  proaram s t a r t e d ,  where 
i t  i s  today, and where i t  i s  go ing.  

GAO w i l l  r e l e a s e  s h o r t l y  a r e p o r t  
o n  t h e  c o s t  and schedule es t ima tes  
f o r  t h e  f i r s t  breeder  demons t ra t i on  
p l a n t ,  and an i s s u e  paper on t h e  
b road  range o f  promises and un- 
c e r t a i n t i e s  o f  t h e  t o t a l  breeder  
program. 

F1F;DINGS AND COKLUSIONS -- 
The Energy Research and Development 
A d m i n i s t r a t i o n  (ERDA)--the successor  
agency t o  t h e  r e c e n t l y  a b o l i s h e d  
Atomic Energy Comnission (AEC)-- 
e n v i s i o n s  t h a t  o p e r a t i o n  o f  t h e  f i r s t  
l a r g e  comnerc ia l  breeder  w i l l  b e g i n  
i n  1987--e t a r g e t  da te  which has 
s l i p p e d  3 yea rs  s i n c e  1969. 
expects  t o  s u b s i d i z e  t h i s  f i r s t  
commercial p l a n t .  ERDA p r o j e c t s  
t h a t  by t h e  y e a r  2000, 186 commer- 
c i  a1 -s f ze breeders w i  1 1 be bui 1 t and 
o p e r a t j n g ,  some o f  which m i g h t  a l s o  
r e q u i r e  subs id ies .  However, t h e r e  
a r e  i n d i c a t i o n s  t h a t  t hese  ERDA 
p r o j e c t i o n s  a r e  o p t i m i s t i c .  (See 
pp. 2 t o  4 . )  

ERDA 

Tear. Upon removal, the report 
Cover date should be noted hereon. i 

THE LIqUID METGL YAST BREEDER 

AND FUTURE 
Energy Research and Development 

ERDA's approach t o  co inmerc ia l i z i ng  
breeders i n c l u d e s  b u i l d i n g  a 
d e m m s t r a t i o n  p l z n t  t o  show t h a t  
a b reeder  can opera te  s a f e l y ,  
c l e a n l y ,  and r e l i a b l y .  Plans t c  
b u i l d  t h e  N a t i o n ' s  f i r s t  breeder  1 
demons t ra t i on  p l a n t  a r e  now i n  t h e  , 
p r e l i m i n a r y  dez ign s tage.  (See 

U n t i  1 r e c e n t l g ,  t h e  breeder  program 
s t r e s s e d  t h e  p r o g r e s s i v e  develop- 
ment of  s i x  s u c c e s s i v e l y  l a r g e r  
demons t ra t i on  p l a n t s .  Tb i  s approach 
would have r e q u i r e d  c o n s i d e r a b l e  
Government s u p p o r t  t o  develop 
l a r g e r  components f o r  each succes- 
s i v e  demonstrat io t i  p l a n t .  I n  mid- 
1974, AEC r e a l i z e d  t h a t  t n i s  ap- 
proach p:aced t o o  much emphasis on 
p l a n t  c o n s t r u c t i o n  and o p e r a t i o n  
and n o t  enough on d e v e i o 2 i n g  p l a n t  
components. 

REACTOR PROGRAM--PAST , PRESENT, 

A d m i n i s t r a t i o n  
/ 

P. 7 . )  
I 

Consequently, AEC t e r m i n a t e d  p lans  
f o r  a l l  b u t  one demons t ra t i on  p l a n t  
and dec ided t o  b u i l d  i n s t e a d  a 
f a c  i 1 i t y  t o  t e s t  1 a rge  components. 
T h i s  m a j o r  r e d i r e c t i o n  p laces  t h e  
s i n g l e  demons t ra t i on  p l a n t  i n  a 
very i m p o r t a n t  p o s i t i o n .  (See 
pp. 8 and 9.) 

AEC's t o t a l  breeder  program fu r l d ing  
th rough  f i s c a l  y e a r  1974 was about  
$1.8 b i l l i o n .  Recent e s t i m a t e s  show 
t h a t  an a d d i t i o n a l  $8.9 b i l l i o n  
( f i s c a l  y e a r  1975 arid 1976 d o l l a r s )  
w i l l  be needed t o  c a r r y  t h e  program 
t h r o u g h  t o  2020. S i n c e  1968 t h e  
expected c o s t s  o f  t h e  program have 
i n c r e a s e d  by $6.8 b i l l i o n ,  $3.5 b i l -  
l i o n  o f  which ERDA a t t r i b u t e s  t o  
i n f l a t i o n .  (See pp. 9 t o  11,) 

RED-75-352 



The recent cost  estimate includes 
$300 mi 11 ion fGr Government subsidy 
of one plant a f t e r  the demonstration 
Dlant. T h i s  c c s t  estimate assmes 
tha t  major design and construction 
improvements would he real zed a f t e r  
the demonstraticn piant.  

ERDA o f f i c i a l s  to ld  G40 t h a t  based 
on other analyses ERDA and i t s  
contractors have m?de, the subsidy 
could be a s  h i @  a s  52 bi l i ion  for  
several plants i f  tbe program does 
not a t t3 in  i t s  development goals 
and  resu l t ing  iEprovements and  i f  
more conscrvativ? assumptions are  
made. (See p. 71.) 

I n  addition t o  Federal funding of 
the breeder, over half  a b i l l i on  
dol lars  of pr iva te  funds have beet1 
or will  be spent over the next 5 
to  10 v',irs to  develop the breeder 
and  bi.ild the denonstratioq plant.  
(See pp .  11 and 12. )  

V 

- Elements a n d  f a c i l i t i e s  
makinq U P  the breeder p r o g r m  

The ovsral 'I breeder program consists 
of s ix  major program areas,  each of 
which contributes a n  important 
element of technology. !.lithin the 
fuels  and mater ia is  area,  there i s  
a potential  problem concerning the 
continued avail  abi  1 i ty  o f  qual i f i  ed 
c o n e r c i a l  fabr ica tors  of breeder 
fue l .  (See pp. 15 t o  18.) 

The fuel recycle area i s  orobably 
the l e a s t  technologically advanced 
area a t  t h i s  time. The a b i l i t y  t o  
recycle p l u t o n i u m  f o r  use in the 
breeder i s  essent ia l  t o  the breeder 
ccncept . The  i4ucl ear  Regulatory 
Commission i s  presently consid- 
ering the q u s c i o n  o f  allowinq 
recycling of plutonium i n  l i gh t -  
water reactors.  The Commission's 
decis icn,  expected i n  l a t e  1977 or 
ear ly  1978, could have an adverse 

i i  

e f f ec t  on the breeder program. 
(See p ~ .  18 a n d  13.)  

Each area has a t  l e a s t  one major 
t e s t  f a c i l i t y .  GAO ident i f ied 2 2  
major f a c i l i t i e s  in use or being 
bu i l t  i n  support o f  the program. 
ERi)A p-lans t o  build eight, nore 
major fac i l i t - ies ,  The estimated 
cost of a l l  these f a c i l i t i e s  i s  
a b o u t  $ 3  b i l l i on ,  which i s  inclu- 
ded ;n rhe breeder program cost  
estjfnate.  (See p p .  1 5  a n d  2 4 . )  

Thwe of the most important fac i -  
1 i t i e s  have experienced substantial  
cost  i ncreases a n d  schedule delays. 

For example, a f a c i l i t y  t o  t e s t  
breeder fuels  was or ig ina l ly  e s t i -  
mated in 1967 t o  cost  $87.5 million 
t o  construct and was t o  begin oper- 
ations ear ly  in 1974.  This t e s t  
feci  1 i t y  i s now forecast  t o  cost  
$S12 million and operations are  
expclcted t o  beg'n ?ar ly  in 1980. 
The other two f a c i l i t i e s  have a l s o  
ex, rienced cost  increases of over 
100 percent as we11 as schedule 
delays. (See pp.  25 a n d  26.)  

Management of ERDA's  
- breeder program 

The ERDA division t h a t  manages the 
breeder program had been experi- 
encing delays ,in reaching agreement 
on programmatic and technical 
matters affectirlg the program and 
needed t o  keep t o p  management be t te r  
informed of' problem hreas. The 
division recognized these probl ems 
and  contracted with a private cm-  
su l t ing  firm to  ident i fy  ways t o  
improve management control.  

A s  a r e su l t ,  the division i s  imple- 
menting a new system for  adminis-  
ter ing,  managing, and control l ing 
i t s  various programs, of which the 
breeder i s  the most important. This 



system i s  ifiterde:! t o  provide in- 
creaszd p r o g r a n  v i  s i  b i  1 i t y  2 n d  ccn- 
t r o l .  

I f  properly imp1 er iented, the new 
system should re?scjna5ly assure t h a t  
ERDA wi:l have greater  v i s i b i l i t y  
over the L’IFO!? prograi;? a n d  t h a t  i t  
will  be i n  a position t~ 5e t t e r  
focus manaqement a t tent ion a n d  
direct ion over those a r e a s  of the 
program experiencinq prfibl ems. 
(See pp .  27 t o  3 1 . )  

The demonstration o l a n t  oroject ,  the 
Clinch River Brc.cd?p Reactor, i s  
managed jo in t ly  by t R D A  and u t i l i t y  
industry par t ic ipants .  This roanaae- 
ment arranqencnt i s  complex a n d  po- 
t en t i a l  l y  cuvbersome. Project 
o f f i c i a l s  say no prcblerris have 
resulted thus f a r  froir: t h i s  conplex 
arrangement because of the conpati ble  
personal i t ies  o f  the two individuals 
m o s t  di rec t ly  involved i n  m a n a g i n g  
the project.  (See DD. 31 and  3 2 . )  

In G A O ’ s  view, the organ-!zational 
arrangement for  the demonstration 
plant project ,  which depends 
heavily u p o n  the personal i t ies  of 
the individuals involved, may prove 
to  be so cumbersome as  t o  hinder 
the e f f x t i v e  manaqement o f  the 
design and construction o f  t he  
Clinch River Breede;. Reactor and 
consequently represents a potential  
risk t o  the project.  
group reached s imilar  conclusions. 

An  ERDA review 

The breeder demmstration project 
i s  now estimated t o  cost  the Gov- 
ernment about $1.468 billion--$1 
b i l l ion  more Lhan was estimated 
several years ago. GAO believes 
tha t  now, when the Government i s  
expected t o  commit an additional 
$1 b i l l i on  to the prc jec t ,  may be 
an  appropriate time t o  seek a change 
i n  the present contractual arrange- 
ment t o  strengthen and steamline 

i i i  

Governrent coritrol over the oroject .  
(See D .  3 2 . )  

9n “.!arch 10, 1 9 7 5 ,  ERDA submitted 
t o  t h e  doint Comit tee  on Atomic 
Ei:e!-rp f o r  i t s  approval proposed 
leqisli! t ion 2nd underlying docu- 
w n t s  t h a t  wobld provide for  a new 
r?anaqmer,t s t r u c t j r e  for  the pro- 
j e c t .  Essent ia l ly ,  management con- 
trol o f  the .>reject would be given 
to E R V i ,  commensuratc with the Gov- 
erncie.;t’s investmpnt in the project.  
This ,Tew rnaiagerlent s t ruc ture  i s  
intended t o  strengthen and streamlice 
Goverment c o n t r o l  over the project.  

I n  a recent reDort, GAO pointed o u t  . 
t h a t  the various documents E K D A  sub- 
mitted t o  the Jo in t  Committee did 
n o t  c lear ly  del ineate  the manner in 
which the pro.ject would  be managed 
and t h a t  ERCA might n o t  be able t o  
exercise usual management prwogati ves. 
(See p. 32.)  

-- Relation t o  breeder funtii,ig 
- t c  t o t a l  Federal energy funding 

Fedsral energy research a n d  develop- 
ment funding has 5roi.m markedly since 
f i sca?  year 1971 when i t  was $420 
million. The proposed f i s ca l  year 
;976 Federal budget includes $1.8 
b i l l i o n  f o r  energy research  and 
development. (See pp. 33 and 34.)  

Federdl fundi n q  for  developing the 
breeder was $168 million in f i sca l  
year 1971,  representing 40 percent 
of to ta l  Federal enerqy research 
and development funding. I n  f i s ca l  
year 1976, funding fo r  the breedei- 
i s  estimated t o  be $474 mill ion,  
about 26 percent of t o t a l  Federal 
energy research a n d  development 
funding. (See p. 35.) 

For-.i gn breeder programs 

Developing a l iquid metal f a s t  



breeder  i s  a h i g h  p r i o r i t y  n a t i o n a l  
ener9y program o f  f i v e  o t h e r  m a j o r  
i n d u s t r i a l  n a t i o n s :  U n i t e d  Kingdom, 
France, Japan, West Germany, and t h e  
S o v i e t  Union. ERDA says t h a t ,  o f  
t h e  Fore ign programs, those o f  t h e  
S o v i e t  Ln ion  and France a r e  prob-  
a b l y  t h e  most advanced i n  r e a c t o r  
development. (See pp. 35 t o  39.) 

A l though  t k r e  a r e  some d i f f e r e n c e s  
between t h e  C.S.  and f o r e i g n  pro-  
grams, a l  1 f o r e i g n  p r o g r a m  e i t h e r  
c o n t a i n  o r  p l a n  many o f  t h e  same 
elements t h a t  a r e  i Q  t h e  l ong -  
range  U.S. program. (See p .  40.j 

A c o n t r S b u t i n 9  f a c t o r  i n  t h e  
r a p i d  advarlce o f  t h e  French p r o -  
gram, ERDP says, has been t h e  
less s t r i n g w t  s a f e t y  r e q u i r e -  
ments i n  France. ERDA says t h a t  
French b reeder  r e a c t o r s  would 
have a d i f f i c u l t  t i m e  g e t t i n g  
l i c e n s e d  i n  t k  U n i t e d  S t a t e s ,  
a1 though t h e  1 i c e n s e c b l l  i ty  ,f 
Frencr, r e a c t o r s  has n o t  been 
e x p l o r e d  i n  t h e  U n i t e d  S ta tes .  
(See pp-  40 t o  42.) 

4n ERDA r e v i e w  group r e p o r t  s a i d  
f o r e i g n  b reeder  programs can con- 
t r i b u t e  i m p o r t a n t  da ta  and i n f o r -  

- 

m z t i o n  t o  t h e  U.S. program. The 
U.S. program c o u l d  make use o f  
f o r e i g n  pvograms under s e v e r a l  
s p c c i f S c  arrangements; however, 
none o f  these arrangements c o u l d  
save any l a rc je  amount of U.S. 
e f f o r t .  (See p. 42.) 

RECOII!4EIIDATIONS AND SUGGEST1 -- ONS 

T h i s  r e p o r t  c o n t a i n s  no recornen-  
da t i o n s  . i 
AGEllCY ACTIONS AND UNRESOLVE@ - 
ISSZES 

GAO d i scussed  t h i s  r e p o r t  i r i : l ;  

ERDA o f f i c i a l s  on severat  ( 1 .  ;, ‘n f  
and b e l i e v e s  t h a t  t h e r e  a ’  2 :*s 
m a j o r  r e s i d u a l  d i f f e r e n c e s  Sn -t .  

f24TTERS FOR CONS I D E W T I O N  
BY THE CONGRESS 

I f  t h e  Congress wants t o  know 
whether, g r e a t e r  r e 1  i a n c e  can be 
p laced  on t h e  use o f  f o r e i g n  l i q u i d  
me ta l  f a s t  b reeder  r e a c t o r  t e c h n o i -  
ogy, i t  shou ld  e x p l o r e  w i t h  ERDA i n  
g r e a t e r  dep th  t h e  advantaoes and 
d isadvantages of u s i n g  f o r e i s n  
l i q u i d  meta l  f a s t  b reeder  r e a c t o r  
techno 1 ogy . 
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CHAPTER l 

A b r e e d e r  r e a c t o r ,  s u c h  a s  t h e  L i a u r d  Meta l  F a s t  Breede r  
R e a c t o r  (LMFBRIl, c a n  c r e a t e  more f c e l  t h a n  i t  uses.  Because  
of t h i s  f e a t u r e ,  d e v e l o p i n q  a commer 'c ia l  L."IFBR is t h e  aim o f  
t h e  N a t i o n ' s  h i g h e s t  Dr i o r  i t y  e n e r g v  Droqram. E f f o r t s  t o  
d e v e l o p  t h e  LMFBR c o n c e p t  have c o s t  t h e  F e d e r a l  Governme:it  
a b o u t  $1.8 b i l l i o n .  

- A d m i n i s t r a t i o n  ( E R D A )  - - s u c c e s s o r  agency  t o  t h e  Atomic Enerqy  
Corrmission ( A E C ) - - P r o j e c t s  t h a t  i t  w i l l  c o s t  an a d d i t i o n a l  
$8.9 b i l l i o n  t h r o u g h  t h e  y e a r  2 0 2 0 .  

The Energy  Resea rch  aiid Development  

FJHY A N D  W H E N  I S  LMFBR 
EXPECTED TO B E  NEEDED 
_______ ___ -- - _-- - 

-------- 
The g r o w i n g  s h o r t a q e  of f o s s i l  f u e l s  is  s p u r r i n q  t h e  

s e a r c h  f o r  a l t e r n a t e  S o Q r c e s  of e n e r g y .  N u c l e a r  power re-  
a c t o r s ,  u s i n g  e n r i c h e d  uranium a s  a f u e l ,  a r e  an a l t e r n a t i v e  
to f o s s i l  f u e l s  f o r  g e n e r a t i n g  e l e c t r i c i t y .  ERDA p r e d i c t s  
t h a t  t h e  U . S .  e l e c t r i c a l  e n e r q y  dcmand w i l l  d o u b l e  be tween 
1970  and  1 9 8 5  and w i l l  d o u b l e  a g a i n  by t h e  y e a r  2 c ) O O .  
h ' u r l e a r  power p r e s e n t l y  a c c o u n t s  f o r  a b o u t  6 o e r c e n t  of t h c  
t o t a l  U . S .  e l e c t r i c a l  g e n e r a t i n q  c a p a c i t y .  E R D A  e x p e c t s  
n u c l e a r  power w i l l  a c c o u n t  f 3 r  a b o u t  60 p e r c e n t  by t h e  yco r  
2000. 

C u r r e n t l y ,  53 commerc ia l  n u c l e a r  power p l a n t s  a r e  o n e r -  
a t i n g  i n  t h e  U n i t e d  S t a t e s .  Orle  is a h i g h  t e m p e r a t u r e  q a s -  
c o o l e d  r e a c t o r  and  t h e  r e s t  a r e  l i g h t - w a t e r  c o o l e d  r e a c t o r s .  
A l l  of t h e  c u r r e n t l y  o p e r a t i n g  n u c l e a r  r e a c t o r s  consume f u e l  
d u r i n g  t h e  enerqy p r o d u c i n g  p r o c e s s .  Because  of t h e  l i m i t e d  
s u p p l y  of l o w - c o s t  u ran ium o r e  a v a i l a b l e  f o r  f u e l  in s u c h  

'L iqu id  metal  r e f e r s  t o  t h e  l i q u i d  sodium u s e d  a s  t h o  
c o o l a n t  to c a r r y  off t h e  h e a t  of t h e  r e a c t o r  f u e l .  A 
f a s t  reac tor  is a r e a c t o r  i n  which t h e  c h a i n  r e a c t i o n  
is s u s t a i n e d  p r i m a r i l y  by f a s t  n e u t r o n s  r a t h e r  t h a n  by 
t h e  s l o w e r  s p e e d  n e u t r o n s  found in- p r e s e n t  q e n e r a t i o n  
commerc ia l  n u c l e a r  power r e a c t o r s .  

s b o l i s h e d  AEC and e s t a b l i s h e d  t h e  Energy  R e s e a r c h  and 
Deve 1 opmen t Adm i n  is t r a t  i o n  an C: t h e  N u c 1 e a  r Reg ti l a  t o r  y 
Commission on J a n u a r y  1 9 ,  1975.  A l l  of t h e  AEC p roqrams  
and  a c t i v i t i e s  d i s c u s s e d  i n  t h i s  r e p o r t  a r e  now c a r r i e d  
o u t  by t h e  Energy  R e s e a r c h  and Development  A d m i n i s t r a t i o n  
and  t h e  Nuclear R e g u l e t o r y  Commission. 

2The Energy  R e o r g a n i z a t i o n  A c t  of 1974 ( P u b 1  i c  L a w  9 3 - 4 3 8 )  
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r e a c t o r s ,  EHDA h a s  e x p r e s s e d  t h e  b e l i e f  t h 8 1 t  t h e  f u l l  r o t e n -  
t i a l  of nuc!ear e n e r g y  f o r  t h e  f u t u r e  c a n  be r e a l i z e d  o n l v  b y  
d e v e l o p i n g  t h e  b r e e d e r  r e a c t o r  b e c a u s e  ( 1 )  t h e  knowr, economi- 
c a l l y  r e c o v e r a b l e  d o m e s t i c  uranium i c s e r v e c  ( a p p r o x i m a t e l y  
7 0 0 , 0 0 0  t o a s )  w i l l  be commit ted t o  l i g h t - w a t e r  r e a c t c r s  
w i t h i n  2 f e w  y e a r s  and ( 2 )  comple t e  r e l i a n c e  on l i q h t - w a t e r  
r e a c t o r s  w i l l  d e p l e t e  these e s t i m a t e d  r e s e r v e s  i n  a b o u t  25 
t o  SO y e a r s .  

L i q h t - w a t e r  r e a c t o r s  use o ~ l y  a b o u t  2 p e r c e n t  of t h e  
e n e r g y  ava i l ab1 .e  i n  t h e  n u c l e a r  f d e l  t h e y  u s e .  F a s t  b r e e d e r  
r e a c t o r s ,  on t h e  o t h e r  hand ,  cail use a s  much  a s  60  p e r c e n t  
or more of t h e  t o t a l  e n e r g y  rrom t h e  n u c l e a r  f u e l  and ,  a t  t h e  
same t ime, c r e a t e  more f u e l  f o r  f u t u r e  use t h a n  t h e y  use. 

E R D A  is d e v e l o p i n g  s e v e r a l  t y p e s  of b r e e d e r  r e a c t o r s :  
( 1 )  t h e  mo l t en  s a l t  b r e e d e r ,  ( 2 )  t h e  l i q h t - w a t e r  b r e e d e r ,  
( 3 )  t h e  g a s - c o o l e d  f a s t  b r e e d e r ,  and ( 4 )  t h e  LMFBR. The 
L,MFBR h a s  been t h e  h i q h e s t  p r i o r i t y  b r e e d e r  program s ince  t h e  
mid-1960s.  

Program s c h e d u l e  -_____________ 
The p r e s e n t  LMFBR program s c h e d u l e  c a l l s  f o r  r q m m c i  c i a 1  

i n t r o d u c t i o n  of t h e  LME'BR i n  1987.  E R D A  d e f i n e s  co , i : i e r c l a :  
i n t r o d u c t i o n  a s  t h a t  p o i n t  i n  time t n a t  one l a r g e - s L a l e  
b r e e d e r  r e a c t o r  becomes o p e r a t i o n a l .  E R D A  r e c o q n i z c a  t h s t  
t h i s  r e a c t o r  would n o t  Se of t h e  same power l e v e l  as  l a t e r  
r e a c t o r s  and t h a t  i t  would r e q u i r e  some form o f  G o v e r n r e n t  
s u b s i d y .  I n  a d d i t i o n ,  under  t h e  p r e s e n t  D lan ,  E H D A  i s  pro-  
j e c t i n g  t h a t  G b r e e d e r  r e a c t o r s  would be h u i - l t  i n  t h ?  l a t e  
1980s  and l a r g e  n u m b e r s  would be b u i l t  i n  t h e  e a r l y  199Gs.  
Some of these  r e a c t c r s  may r e q u i r e  a d d i t i o n a l  Government 
s u b s  i d  i e s  . 

ERDA officials emphasized, however, t h a t  ERDA's Admin- 
i s t r a t o r  is s t i l l  f o r m u l a t i n g  p l a n s  f o r  t \ e  LMFBR and ,  as  o f  
Narch 1 9 7 5 ,  h e  had n o t  r eached  a f i n a l  D o s i t i o n  oa t h e  p roaram.  

ERDA a n t i c i p a t e s  t h a t  d u r i n g  t h e  e a r l y  1 9 9 0 s  a v i a b l e  
and c o m p e t i t i v e  commerc ia l  i n d u s t r y  can  be d e v e l o p e d .  A 
v i a b l e  i . :duscry wi 11 i n c l u d e  r e a c t o r  n a n u f a c t u r e r s  and  
a r c h i t e c t - e n g i n e e r s  from whom i n t e r e s t e d  u t i l i t i e s  can  so- 
l i c i t  b i d s  and s e l ec t  a power p l a n t .  A c o m p e t i t i v e  i n d u s t r y  
w i l l  i n c l u d e  a number of a u a l i f i e d  and e x p e r i e n c e d  v e n d o r s  
f rom wnom s e l e c t i o n s  can  be made f o r  f u r n i s h i n q  major  e s u i p -  
mcnt items. 

AEC p r o j e c t e d  t h a t ,  by t h e  y e a r  2 0 0 0 ,  186  commerc ia l -  
s i z e  L.MFt3R.s w i l l  be b u i l t  and o p e r a t i n g .  T h e s e  p i o j e c t i o n s  
were d e r i v e d  from a c o s t - b e n e f i t  a n a l y s i s  c o n t a i n e d  i n  t h e  
P roposed  F i n a l  E n v i r o n n e n t a l  S t a t e m e n t  on t h e  LMFBR program,  
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which A E C  r e l e a s e d  f o r  p u h l i c  com;aent in  J a n u s r v  1 9 7 5 .  T ~ P  
f o l l o w i n q  c h a r t  shoi;s t h e  number o f  LMFBHs c x r e c t e d  to  h e n  i n  

o p e r a t i o n s  th ro i iqh  t h e  y e a r  2019. 

Numbcr- of n l a r l t s  Culnula t ive  nurn5cr 
of  c l a n t s  b u i l t  _-_--_-__________-__- t h a t  beg i t i  o p e r a t i o n s  - - - - - - - - - -I_ - _- - - Year --.-- 

1986-87 1 1 
1 4  38-89 8 3 
1990-91 1 3  2 2  
1992-93 24 46 
1994-95 34 80 
1996-97 46 1 2 6  
1998-99 60  186 
2000-19 9 92 1 , 1 7 8  1 

1 

The P roposed  F i n a l  E n v i r o n m e n t a l  S t a t e m e n t  o o i n t s  o u t ,  
however ,  t h a t  g e n e r a l  s c h e d u l e  s l i p p a g e s  i n  U.S.  u t i l i t i e s ’  
p l a n s  f o r  add?d e l e c t r i c a l  q e n e r a t i n a  c d p a c i t y  1 

‘ I *  * * s u g q e s t s  t h a t  t h e  assumed t i m i n q  of commerc lz l  
breeder  i n t r o d u c t i o n  s h o u l d  a l s o  be sl i n p c d ,  c r e s u m a b l v  
i n t o  t h e  e a r l y  1 9 9 0 ~ ~  i n s t e a u  O F  t h e  l a t e  1980s  a s  
p r e v i o u s l y  assumed .” 
O u r  d i s c u s s i o n s  w i t h  r e p r e s e n t a t i v e s  of t h e  u t i l i t y  

i n d u s t r y  and r e s c t o r  equ ipmen t  m a n u f a c t u r e r s  i n d i c a t e  t h a t  
ERDA’s p r o j e c t i o n s  f o r  t h e  number of L M F C P s  i n  tile i a t e  1 9 8 0 s  
and e a r l y  1990s  is o p t i m i s c i c  and ~ o s s i b 1 ; ~  u n r e a l i s t i c .  These  
r e p r e s e n t a t i v e s  e x p r e s s e d  t h e  v iew t h a t  few u t i l i t i e s  would 
be w i l l i n g  t o  commit l a r r t e  amounts  of c a p i t a l  u n t i l  t h e y  were  
i s i r l y  c e r t a i n  t h a t  L M F B R s  wclild be t e c h n i c a l l y  and  cconomi- 
? a l l y  *;i&b!e. 

B u i l d i r , ?  r e a c t o r s  i n  t h e  U n i t e d  S t a t e s  from time of com- 
mitment t o  o c e r a t i o n  p r e s e n t l y  r e a u i r e s  about 8 t o  1 0  y e a r s .  
To meet ERDP. s P r o j e c t i o n s ,  u t i l i t i e s  would be r e q t i i r e d  t o  
commit i a r g e  d m o u n t s  of c a p i r a l  i n  t h e  l a t e  1970s  or e a r l y  
1980s--which is a t  l e a s t  s e v e r a l  v e a r s  b e f o r e  E R D A  expec ts  t o  
have  d e v e l o p e d  ,ind t e s t e d  t h e  ma jo r  components  r e a u i r e d  f o r  
c o m m e r c i a l - s i z e  LMFBRs. I t  is a l s o  up t o  10 y e a r s  p r i o r  t o  
t h e  e x F e c t e d  1987 o p e r a t i o n  of t h e  f i r s t  c o r r i n e r c i a l - s ; z e  
LMFBR, which E!<DA b e l i e v e s  w i l l  c o n f i r i a  t h e  econcmic  v i a b i l i t y  
of c o m m e r c i a l - s i z e  L M F B R s .  

I n  a 1969 c o s t . - b e n e f i t  s t u d y  of t h e  b r e e d e r  program,  
LMFRR‘s i n t r o d u c t i o q  d a t e  was p r e d i c t e d  to  be 1 9 8 4 ,  3 y e a r s  
e a r l i e r  t h a n  t h e  p r e s e n t  s c h e d u l e .  AEC a t t r i b u t e d  t h i s  3- 
y e a r  s c h e d u l e  s l i p  t o  (1) d e l a y s  i n  n e q o t i a t i n q  c o n t r a c t s  
f o r  and q e t t i n q  c o n g r e s s i o n a l  a u t h o r  i z a t i o r !  f o r  t h e  LMFBR 
d e m o n s t r a t i o n  p l a ? t  p r o j e c t  ( C l i n c h  R i v e r  B r e e d e r  R e a c t o r )  
and ( 2 )  s u c h  e x t e r n a l  f a c t o r s  a s  d e l a y s  io  l i q h t - w a t e r  r e -  
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a c t o r  l i c e n s i n q  and t h e  c o u r t - i m o s e d  r e a u i r e m e n t  t o  isscle 
an e n v i r o n m e n t a l  impact  s t a t e m e n i  on t h e  o v e r a l l  LMFBR p ro -  
gram. 

I n  O c t o b e r  i 9 7 4 ,  4 E C  r e a u e s t e d  t h a t  a s p e c i c l l  s t a f f  
s t u d y  be made of  t h e  LMFBR proqram. I n  p a r t ,  t h e  r e v i e w  
was t o  r e a s s e s s  t h e  need f o r  and timincr of t h e  LMFBR i n  
l i g h t  of t h e  l a t e s t  a v a i l a b l e  i n f o r m a t i o n .  T h e  r ev iew q r o u p  
conc luded  t h a t ,  b e c a u s e  of t h e  l i m i t e d  amount of known economi- 
c a l l y  r e c o v e r a b l e  d o m e s t i c  uranium r e s e r v e s ,  L M F B R ’ s  d e v e l -  
opment is needed t o  i n s u r e  t h e  c o n t i n u e d  a v a i l a b i l i t y  of  t h e  
n u c l e a r  power o o t i o n  t o  meet t h e  N a t i o n ’ s  f u t u r e  e n e r q y  
n e e d s .  T h e  q r o u p  recommended t h a t  t h e  LMFBR program s h o u l d  
p roceed  e x p e d i t i o u s l y  toward t h e  g o a l  of a commerc ia l  b r e e d e r  
by t h e  e a r l y  1990s .  They  a l s o  recommended t h a t  an a q q r e s -  
s i v e ,  a c c e l e r a t e d  e f f o r t  be u n d e r t d k e n  t o  b e t t e r  d e f i n e  t h e  
l i k e l y  a v a i l a b i l i t y  and p r o d u c i b i l i t y  of economic uranium 
r e s o u r c e s  i n  t h e  Un i t ed  S t a t e s .  The g r o u o  s a i d  t h a t  t h e  
LMFBR program s h o u l d  be r e a s s e s s e d  a s  a d d i t i o n a l  r e s o u r c e  
d a t a  becomes a v a i l a b l e .  

HOW D I D  LMFBR EVOLVE 
TO ITS C U R R E N T  STATUS? 
---__ -- --------_ 
-- -----_--__--_ 

I n t e r e s t  i n  f a s t  b r e e d e r  r e a c t o r s  d a t e s  back t o  t h e  
e a r l y  194Bs. Nuc lea r  s c i e n t i s t  Enr i c o  Fermi f i r s t  demon- 
s t r a t e d  t h e  concept :  i n  e x p e r i m e n t s  a t  t h e  U n i v e r s i t y  of 
Zh icaqo .  H i s  e x p e l  iman’ts Droduced t h e  f i r s t  a p p a r e n t  e v i -  
d e n c e  t h a t  b r e e d i n g  n u c l e a r  f u e l  was o o s s i b l e .  T h e  r e a c t o r  
used i n  these e x p e r i m e n t s  was t h e  f i r s t  f a c i l i t y  t o  suc- 
c e s s f u l l y  show a s e l f - s u s t a i n i n q  n u c l e a r  c h a i n  r e a c t i o n  on 
December 2 ,  1 9 4 2 .  T h e  phenomenon opened t h e  d o o r s  t o  t h e  
deve lopmen t  of t h e  n u c l e a r  power i n d u s t r y .  

Because e x p e r t  a t o m i c  s c i e n t i s t s  a n d  u r a n i u m  r e s o u r c e s  
were d e v o t e d  t o  d e v e l o p i n q  t h e  a t o m i c  bomb f o r  u s e  i n  World 
War 11, ‘ t h e  n a t i o n a l  l a b o r a t o r i e s  were n o t  a S l e  t o  d e v o t e  
f u l l  a t t e n t i o n  t o  t h e  b r e e d e r  r e a c t o r .  A f t e r  t h e  war ,  t h e  
n u c l e a r  s c i e n t i f i c  community i n c r e a s e d  i t s  e f f o r t  toward  
b r e e d e r  l e a c t o r  deve lopmen t .  AEC was formed i n  1946 t o  
d e v e l o p  and manage a t o m i c  e n e r g y  a c t i v i t i e s  i n  t h e  U n i t e d  
S t a t e s .  

A t  f i r s t ,  AEC c o n s i d e r e d  v a r i o u s  b r e e d e r  programs.  The  
C l e m e n t i n e  r e a c t o r  a t  Los Alamos S c i e n t i f i c  L a b o r a t o r y  i n  N e w  
Mexico was one  of t h e  e a r l i e s t  s t e p s  t o w a r d s  t h e  advancement  
of t h e  b r e e d e r  c o n c e p t .  I t  o p e r a t e d  from 1946 t o  1953 and 
was used t o  e x p l o r e  t h e  p o s s i b i l i t i e s  of  o p e r a t i n g  a f a s t  
r e a c t o r  w i t h  p l u t o n i u m  f u e l  and a l i q u i d  mera l  ( m e r c u r y )  a s  
a c o o l a n t .  T h i s  f i r s t  e x p e r i n e n t a l  r e a c t o r  proved  t h a t  f a s t  
r e a c t o r s  c o u l d  o p e r a t e  s a f e 3 y  and r e l i a b l y .  

, .. 
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T h e  n e x t  s i q n i f i c a n t  e v e n t  was t h e  c o n s t r u c t i o n  and 
o p e r a t i o n  of t h e  E x p e r i m e n t a l  Breede r  R e a c t o r  I ( E B P - I )  by 
Arqonne N a t i o n a l  L a b o r a t o r y  a t  i t s  t e s t  s i k e  i n  I d a h o .  3 n  
December 2 0 ,  1 9 5 1 ,  t h i s  f a c i l i t y  prodticed t h e  w o r l d ' s  f i r s t  
e l e c t r i c i t y  from n u c l e a r  f u e l .  E B R - I  p roved  t h e  f e a s i b i l i t y  
of t h e  b r e e d i n g  c o n c e p t .  

Dliring t h e  o p e r a t i o n  of E R R - I ,  t h e  n e x t  s i s n i f i c a n t  s t e p  
o c c u r r e d - - t h e  d e s i q n  and c o n s t r u c t i o n  of E x p e r i m e n t a l  Breede r  
R e a c t o r  I1 ( E B R - 1 1 )  by Argonne N a t i o n a l  L a b o r a t o r y  a t  i t s  
Idaho  t e s t  s i t e .  C o n s t r u c t i o n  of t h i s  f a c i l i t y  beqan i n  1 9 5 8  
and o p e r a t i o n s  began i n  1963.  E B R - I 1  was t o  d e t e r m i n e  t h e  
f e a s i b i l i t y  o f  ( 1 )  u s i n g  a f a s t  r e a c t o r  w i t h  a sodiutl .  c o o l a n t  
a s  a c e n t r a l  s t a t i o n  D l a n t  and ( 2 )  d e v e l o p i n q  a f u e l  r e c y c l e  
c a p a b i l i t y  f o r  r e p r o c e s s i n g  u s e d  ( o r  s p e n t !  f u e l  from t h e  
r e a c t o r  t o  remove c e r t a i n  r a d i o a c t i v e  p r o d u c t s ,  r e f a b r  i c a t i n q  
t h e  f u e l  i n t o  new LLic:, and p l a c i n g  i t  back i n  t h e  r e a c t o r  
€ o r  c o n t i n u i n q  o p e r a t i o n s .  I n  1965,  E B R - 1 1 ' s  p r i m a r y  p u r p o s e  
was changed t o  i t s  p r e s e n t  r o l e - - t o  t e s t i n g  f u e l s  and m a t e r i a l s  , 
f o r  t h e  LMFBR program. E B R - I 1  is t h e  o n l y  o p e r a t i n s  o r e e d e r  
r e a c t o r  i n  t h e  U n i t e d  S t a t e s .  

i 

I n  e a r l y  1955 ,  AEC i n v i t e d  p r o p o s a l s  from p r i v a t e  i n d u s -  
t r y  t o  d e s i g n ,  c o n s t r u c t ,  and o p e r a t e  a power r e a c t o r  a s  p a r t  
o f  AEC's S-year  r e a c t o r  deve lopmen t  orocram.  C o n s t r u c t  ion  of 
t h i s  r e a c t o r - - c a l l e d  t h e  E n r i c o  Fermi Atomic Power P lan t - -beaan  
i n  1956 and c r i t i c a l  o p e r a t i o n s  began i n  1963.  T h i s  was t h e  
N a t i o n ' s  f i r s t  p r i v a t e l y  owned a7d o p e r a t e d  E a s t  b r e e d e r  
r e a c t o r ;  however ,  AEC p r o v i d e d  so.lie f i n a n c i a l  5 s s i s t a n c e  t o  
i n d u s t r y  f o r  t h i s  p r o j e c t .  T h e  p l a n t  o p e r a t e d  u n t i l  l a t e  
1972 and produced  3 2 , 0 0 0  megawa t t1  h o u r s  of c o m w r c i a l  elec- 
t r  ic i t y .  

The deve lopmen t  of LMFBR t e c h n o l o g y  t h r o u q h  t h e  e a r l y  
and mid-1960s r e s u l t e d  in  i d e n t i f y i n g  c e r t a i n  problem a r e a s  
n e e d i n g  resolution. To f i n d  s o l u t i o n s  to  t h e  o r o b l e m s ,  v a r i -  
ous f a c i l i t i e s  were or a r e  b e i n g  b u i l t ,  i n c l u d i n q  t h e :  (1 )  
Lo3 Alamos Molten P l u t o n i u m  Exper iment ,  ( 2 )  Sou thwes t  E x p e r i -  
m e n t a l  F a s t  O x i d e  R e a c t o r ,  and ( 3 )  F a s t  F l u x  'rest F a c i l i t v  
(FFTF) .  A l l  t h r e e  were o r  a r e  s p e c i a l  p u r p o s e  r e a c t o r s  b u i l t  
f o r  s p e c i f i c  t y p e s  of e x p e r i m e n t s .  For example ,  t h e  Sou thwes t  
E x p e r i m e n t a l  F a s t  Oxide  R e a c t o r  W ~ S  d e s i g n e d  t o  d e m o n s t r a t e  
i n h e r e n t  s a f e t y  c h a r a c t e r i s t i c s  o f  a p a r t i c u l a r  t y p e  o f  LMFBR 
f u e l .  O t h e r  s p e c i a l  p u r p o s e  f a c i l i t i e s - - t h e  N u c l e a r  I n s t r u -  
m e n t  T e s t  F a c i l i t y  a n  
which suppor  t e d  LMFBR a l s o  b u i l t  a t  t h i s  time. 

c r i b e d  t h e  b r e e d e r ' s  p romise  of m e e t i n g  t h e  N a t i o n ' s  l ong-  

a d i o a c t i v e  Sodium C h e m i s t r y  Loop-- 

I n  1967, AEC i s s u e d  a r e p o r t  to t h e  P r e s i d e n t  which d e s -  

1~ u n i t  of power; equal t o  L,OOO,OOO w a t t s .  
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t e rm energy n e e d s  and e s t a b l i s h e &  t h e  LMFBR program a s  i t s  
h i g h e s t  p r i o r i t y  c i v i l i a n  r e a c t o r  deve lopment  e f f o r t .  LMFBR 
was c h o s e n  o v e r  o t h e r  b r e e d e r  c o n c e p t s  b e c a u s e  of ( 1 )  i t s  
p o t e n t i a l  f a v o r a b l e  pe r fo rmance  and economy, ( 2 )  i n t e r e s t  
and s u p p o r t  by r e a c t o r  m a n u f a c t u r e r s  and e l e c t r i c  u t i l i t i e s  , 
( 3 )  t h e  amount  of b a s e  t e c h n o l o q y  and o p e r a t i n g  e x p e r i e n c e  
a l r e a d y  a v a i l a b l e ,  and ( 4 )  proven  b a s i c  f e a s i b i  1 i t v .  AEC 
s t a t e d  t h a t  t h e s e  f a c t o r s  p rov ided  t h e  b a s i s  f o r  LMFERs t o  
r e a l i z e  a r e l a t i v e l y  s h n r  t developmen t - to -commerc ia l  i z a  t ion 
time period. 

From 1965 t o  1967 ,  t h e  e l e c t r i c  u t i l i t y  i n d u s t r y  s t a r t e d  
making l a r g e  s c a l e  commitments t o  r e l y  on n u c l e a r  power 
p l a n t s  €or much of t h e  a u d i t i o n a l  e l e c t r i c a l  c a p a b i l i t y  our  
c o u n t r y  needed .  These  commitments i nvo lved  p r i m a r i l y  con- 
s t r u c t i n g  and o p e r a t i n g  l i g h t - w a t e r  r e a c t o r  power p l a n t s .  

The i n c r e a s e d  e l e c t r i c a l  c c n s u n p t i o n  d u r i n g  t h e  l a t e  
1960s  and e a r l y  1970s  r e s u l t e d  i n  brownouts  i n  major  c i t i e s  
a c r o s s  t h e  c o u n t r y .  F o s s i l  f u e l  p r i c e s  r o s e  s h a r p l y  and 
some major u t i l i t i e s '  l e v e l s  of e x i s t i n q  f u e l  r e s e r v e s  
d e c r e a s e d .  A s  a r e s u l t ,  t h e  P r e s i d e n t  d i r e c t e d  t h a t  a 
s p e c i a l  r e v i e w  of t h e  n a t i o n a l  e n e r q y  s i t u a t i o n  be made. 
T h i s  r e v i e w  was t o  i d e n t i f y  p o s s i b l e  a p p r o a c h e s  t h e  F e d e r a l  
Goverament  c o u l d  t a k e  t o  a l l e v i a t e  t h e  p o t e n t i a l  s h o r t a g e s  
of f u e l  and to h e l p  i n s u r e  t h a t  enough f u e l  e x i s t e d  f o r  
f u t u r e  use.  

The resu l t s  of  t h e  r ev iew were r e f l e c t e d  i n  t h e  P r e s i -  
d e n t ' s  Ene rgy  Message t o  t h e  C c n g r e s s  i n  J u n e  1971.  I n  t h i s  
message ,  t h e  P r e s i d e n t  e s t a b l i s h e d  t h e  LMFBR orogram a s  t h e  
N a t i o n ' s  h i g h e s t  p r i o r i t y  ene rqy  program and made a n a t i o n a l  
commitment  to s u c c e s s f u l l y  d e m o n s t r a t e  t h e  c o n c e p t  by 1980.  
Accord ing  to AEC,  t h e  n a t i o n a l  p r i o r  it:! p l a c e d  on d e v e l o p i n g  
LMFRR was needed  t o  t a k e  f u l l  a d v a n t a g e  of the momentum and 
t e c h n i c a l  progress  a c h i e v e d  u p  t o  t h a t  t i m e  a n d  to  g e t  t h e  
f c n d i n q  requi red  t o  d e m o n s t r a t e  t h e  c o n c e p t .  

In 1 9 7 3 ,  t h e  P r e s i d e n t  reemphas ized  t h e  n a t i o n a l  e n e r q y  
s u p p l y  problem and e s t a b l i s h e d  P r o j e c t  I n d e p e n d e n c e .  The 
c u r r e n t  o b j e c t i v e  o f  P r o j e c t  Independence  is t o  a c h i e v e  
i n v u l n e r a b i l i t y  to  changes  i n  f o r e i g n  p r o d u c t i o n  and sh ipmen t  
of e n e r g y  s u p p l i e s .  T h i s  p l a c e s  even more i m p o r t a n c e  on 
d e v e l o p i n g  new e n e r g y  s o u r c e s ,  l i k e  LMFBR. 

THE APPROACH TO COMMERCIALIZATION 
OF LMFBR 

--- 
---- 

The basic  o b j e c t i v e  of t h e  LMFBR program is t o  d e v e l o p  
a b r o a d  t e c h n o l o g i c a l  and e n g i n e e r i n g  b a s e  w i t h  e x t e n s i v e  
u t i l i t y  and  i n d u s t r i a l  i nvo lvemen t  which w i l l  l e a d  t o  a 
s t r o n g ,  c o m p e t i t i v e ,  commercial b r e e d e r  i n d u s t r y .  The long-  
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term g o a l  f o r  t h e  program is t o  e s t a b l i s h  a b r e e d e r  r e a c t o r  
econolny e a r l y  i n  t h e  2 1 s t  c e n t u r y  which w i l l  f u r n i s h  a l l  
t h e  m a t e r i a l  needed t o  f u e l  n u c l e a r  p l a n t s  t o  meet our  t o t a l  
e l e c t r i c a l  e n e r g y  demand. 

A E C ' s  a p p r o a c h  t o  t h e  c o m m e r c l a l i z a t i o n  of L M F B R s  h a s  
been p r o c e e d i n g  a l o n g  two l i n e s  of e f f o r t - - t h e  b a s e  t e c h -  
no logy  program and t h e  d e m o n s t r a t i o q  p l a n t  program. Under 
t h e  b a s e  t e c h n o l o g y  program, emphas i s  is p l a c e d  on d e v e l -  
o p i n g  key t e c h n i c a l  a r e a s .  E n g i n e e r i n g  d e v e l o p m e n t ,  manu- 
f a c t u r i n g ,  and p r o o f  t e s t i n g  e f f o r t s  have been and a r e  
b e i n g  expanded w i t h i n  t h i s  p a r t  of t h e  urogram. T h e s e  
e f f o r t s  a r e  pe r fo rmed  w i t h  p r i v a t e  i n d u s t r y  and a r e  d i r e c t e d  
a t  d e v e l o p i n g  r e a l i s t i c  t e c h n i c a l  and economic b a s e s  f o r  t h e  
LMFBR d e m o n s t r a t i o n  program. 

T h e  d e m o n s t r a t i o n  p l a n t  program is t o  s e r v e  a s  t h e  k e y  
t o  t h e  p r o g r a m ' s  t r a n s i t i o n  from t h e  t e c h n o l o q y  deve lopmen t  
p h a s e  t o  l a r g e - s c a l e  commerc ia l  u t i l i z a t i o n .  P l a n s  f o r  
b u i l d i n g  t h e  N a t i o n ' s  f i r s t  LMFBR d e m o n s t r a t i o n  p l a n t - - t h e  
C l i n c h  R ive r  B r e e d e r  R e a c t o r  ( C R B R )  n e a r  Oak R i d a e ,  Tennes-  
s ee - - a re  now i n  t h e  p r e l i m i n a r y  d e s i g n  s t a g e s .  T h i s  f a c i l i t y  
is t o  be a 350 megawatt  e l e c t r i c  ( M W e ) '  p o w e r o l a 3 t  and is m e -  
s e n t l y  s c h e d u l e d  t o  be o p e r a t i o n a l  by mid-1982. I t  Is a co- 
o p e r a t i v e  g o v e r n m e n t / i n d u s t r y  e f f o r t .  C R B R ' s  p r i m a r y  o b j e c -  
t ives  a r e  t o  

- - d e m o n s t r a t e  t h e  s a f e ,  c l e a n ,  and r e l i a b l e  o p e r a t i o n  of 
an  LMFBR c l o s e l y  r e s e m b l i n g  a commerc ia l - s i zed  p l a n t  
w h i l e  showing a h i g h  a v a i l a b i l i t y  f a c t o r  f o r  power 
p r o d u c t i o n  i n  a u t i l i t y  e n v i r o n m e n t ,  

- - s e r v e  a s  t h e  f o c a l  p o i n t  f o r  t h e  deve lopmen t  of s y s t e m s  
and components ,  

--develop i n d u s t r i a l  and u t i l i t y  c a p a b i l i t i e s  t o  d e s i g n ,  
c o n s t r u c t ,  and o p e r a t e  LMFBRs, and 

- - d e m o n s t r a t e  t h e  commerc ia l  l i c e n s e a b i l i t y  of L M F B R s .  

Ac r3 rd ing  t o  A E C ,  c o n s t r u c t i n g  and o p e r a t i n g  an  LMFBR demon- 
s t r a t i o n  p l a n t  is t h e  o n l y  means by which t h e s e  o b j e c t i v e s  
can  be r e a l i z e d .  The g u i d e l i n e s  i s s u e d  i n  e s t a b l i s h i n g  CRBR 
a s  it p r e s e n t l y  e x i s t s  were based  on u t i l i t y  recommendat ions .  

'A megawatt  e l e c t r i c  is a measure of e l e c t r i c  power w h i l e  
a megawatt  t h e r m a l  ( M W t )  is a !ileasure of h e a t .  For present 
g e n e r a t i o n  n u c l e a r  p o w e r p l a n t s ,  a b o u t  3 M W t  a r e  r e q u i r e d  
for each  M W e  produced .  
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AEC c o n s i d e r e d  o t h e r  aoDrohches t o  r e a l i z i n g  these same 
o b j e c t i v e s ,  i n c l u d i n g  t r y i n g  t o  e n c o u r a q e  i n d u s t r y  :c under-  
t a k e  t h e  d e m o n s t r a t i o n  of LMFSR t e c h n o l o g y  on its own, r e -  
l y i n g  on f o r e i g n  e x p e r i e n c e  t o  d e m o n s t r a t e  t h e  c o n c e p t ,  and 
p u r c h a s i n q  f o r e i g n  LMFBR t e c h n o l o a y  and a d o p t i n q  i t  t o  t h e  
p r e v a i l i n g  U.S. r e g u l a t o r y  r e a u i r e m e n t s .  A E C  p o i n t e d  o u t ,  
however ,  t h a t  none of t h e  a l t e r n a t i v e s  was a b l e  t o  meet t h e  
o b j x t i v e s  s a t i s f a c t o r i l y .  

U n t i l  mid-1974, A E C  had s t l 2 5 s e d  t h e  p r o g r e s s i v e  d e v e l -  
opment of s u c c e s s i v e l y  l a r g e r  d e m o n s t r a t i o r  and " e a r l y  
commerc ia l"  p l a n t s , l  u s i n q  these  o l a n t s  a s  t e s t  beds  f o r  
component deve lopmen t .  AEC p r o j e c t e d  t h a t  two more demcn- 

b u i l t  a f t e r  C R B R .  These  p l a n t s  were e x p e c t e d  t o  show t h e  

a c c e p t a b i l i t y  of t h e  LMFBR c o n c e p t  and would p r o v i d e  p r i v a t e  
i n d u s t r y  w i t h  a r e l i a b l e  b a s i s  on w h i c h  t o  b u i l d  an LMFBR 
e n e r g y  economy. T h i s  app roach  would r e q u i r e  c o n s i d e r a b l e  
Government s u p p o r t  f o r  d e v e l o p i n q  l a r g e r  sodium components ,  
s u c h  a s  s t eam g e n e r a t o r s ,  pumps, v a l v e s ,  p i p i n g ,  and h e a t  
e x c h a n g e r s  f o r  each  s u c c e s s i v e  d e m o c s t r a t i o n  p l a n t .  

s t r a t i o n  p l a n t s  and t h r e e  e a r l y  commerc ia l  p l a n t s  would be 1 
r e l l z b i l i t y ,  s a f e t y ,  l i c e n s e a b i l i t y ,  and env i ronmen t? ;  I 

I 

AS a r e s u l t  of an a s s e s s m e n t  of t h e  LMFBR program made 
i n  mid-1974, AEC--along w i t h  i n d u s t r y ,  AEC n a t i o n a l  l a b o r a -  
t o r i e s ,  and u t i l i t y  e x e c u t i v e s - - i d e n t i f i e d  a s e v e r e  program 
imba lance .  AEC r e a l i z e d  t h a t  bu i ld incr  a number of succes- 
s i v e l y  l a r g e r  d e m o n s t r a t i o n  p l a n t s  p l a c e d  t o o  much e m p h a s i s  
on d e v e l o p i n g  p l a n t  components  f o r  each  s u c c e s s i v e  p l a n t .  
T h i s  approach  would have r e q u i r e d  deve lopmen t  of s e v e r a l  
g e n e r a t i o n s  of l a r g e  components--a c o s t l y  and time consuminq 
p r o c e s s .  ERDA o f f i c i a l s  b e l i e v e  t h a t  component deve lapmen t  
c o n c u r r e n t  w i t h  p l a n t  c o n s t r u c t i o n  h a s  been a p r o b a b l e  c a u s e  
of t h e  d e l a y s  e x p e r i e n c e d  t h u s  f a r  i n  t h e  c o n s t r u c t i o n  of  
FFTF and t h a t  t h i s  approach  c o u l d  d e l a y  c o n s t r u c t i o n  of  CRBR.  

C o n s e q u e n t l y ,  i n  J u l y  1974,  AEC made a major  r e d i r e c t i o n  
t o  i t s  LMFBR program. T h e  r e d i r e c t i o n  c a l l e d  f o r  t e r m i n a t i n g  
p l a n s  f o r  m u l t i p l e  d e m o n s t r a t i o n  p l a n t s  and 5 o i n g  w i t h  o n l y  
a s i n g l e  d e m o n s t r a t i o n  plant--CRBR. I n s t e a d  of fo l low-on 
d e m o n s t r a t i o n  and e a r l y  commerc ia l  p l a n t s ,  a l a r g e  com- 
p o n e n t  t es t  f a c i l l t y - - P l a n t  Component T e s t  F a c i l i t y - - i s  now 
p l a n n e d  t o  t e s t  f u l l  c o m m e r c i a l - s i z e  sodium components .  
E a r l y  p l a n t  e x p e r i e n c e  is expected t o  be q a i n e d  by o p e r a t i n g  
FFTF and CRBR in  t h e  Un i t ed  S t a t e s  a s  wel l  a s  from f o r e i g n  

k p e r a t i n g  LMFBR p l a n t s  s m a l l e r  i n  s i z e  and power g e n e r a t i n g  
c a p a c i t y  t h a n  f u t u r e  commerc ia l  LMFBR p l a n t s  a r e  a n t i c i p a t e d  
t o  be .  

8 



LMFBR p rograms .  O n e  nea r  commercial  p l a n t ’  is o l anned  t o  
c o v e r  any  f u r t h e r  needs  i n  t h e  p l a n t  e x p e r i e n c e  a r e a .  I t  
is e x p e c t e d  t o  be a b o u t  1 , 0 0 0  t o  1 ,500  M W e  i n  s i z e  and t o  
c o n s i s t  o f  t h e  l a r g e  commerc ia l - s i ze  components  t o  be 
d e v e l o p e d  and t e s t e d  under  t h e  component deve lopmen t  oor t ion  
of t h e  LHFBR p r o g r a n .  

With t h i s  r e v i s e d  program, CRBR is p l a c e d  i n  an even 
more i m p o r t a n t  p o s i t i o n ;  it w i l l  now be depended upon t o  
d e m o n s t r a t e  t h e  r e 1  i a b i l  i t y ,  s a f e t y ,  1 i c e n s e a b i l  i t v ,  arld 
e n v i r o n m e n t a l  a c c e p t a b i l i t y  of t h e  LMFBR c o n c e p t .  A l s o ,  
CRBR w i l l  s e r v e  a s  a f o c a l  p o i n t  €or  d e v e l o p i n q  comDonents 
and s y s t e m s .  I n  t h i s  c a p a c i t y  it s h o u l d  p r o v i d e  major  i n w t  
t o  t h e  l a r g e  component deve lopment  programs and t h e  t e s t i n q  
r e g u i r e m e n t s  which m u s t  be f a c t o r e d  i n t o  t h e  d e s i q n  of t h e  
P l a n t  Component T e s t  F a c i l i t y .  Th’s  f a c i l i t y  is Dlanned t o  
become o p e r a t i o n a l  i n  t h e  e a r l y  1930s .  

A c c o r d i n g  t o  E R D A ,  t h e  a v a i l a b i l i t y  of t h e  P l a n t  Com- 
p o n e n t  T e s t  F a c i l i t y  s h o u l d  a l l o w  i n d u s t r y  t o  c o r ? s t r u c t  
1 a r g e  comme r c i a 1 - s i z e co mpon e n t s mu c;, soon e r t h  an  pr e v i o  u s  1 y 
c o n t e i n p l a t e d .  E R D A  h a s  s t a t e d  t h a t  t h i s  a d j u s t e d  LMFBR p l a n  
s h o u l d  f u r t h e r  enhance  t h e  a b i l i t y  of i n d u s t r y  t o  d e s i g n  and 
b u i l d  a number of l a r q e  commercial  p l a n t s  € o r  o p e r a t i o n  bv 
t h e  l a t e  1980s  o r  e a r l y  1990s .  

HOW MUCH WILL I T  COST 
TO DEVELOP LMFBR? 
-_--___----- 
-_---___---- 

AEC‘s t o t a l  LMFPR program f u n d i n g  from f i s c a l  y e a r  1948 
t h r o u g h  f i s c a l  yea t  1914 was a b o u t  $1 .8  b i l l i o n .  E R D A  r e c e n t l y  
e s t i m a t e d  t h a t  an a d d i t i o n a l  $8 .9  b i l l i o n  ( f i s c a l  y e a r  1975 
and 1976  d o l l a r s - - e f f e c t s  of i n f l a t i o n  f o r  f i s c a l  y e a r s  a f t e r  
1976 a re  n o t  i n c l u d e d )  w i l l  be needed t o  c a r r y  t h e  proqram 
t h r o u g h  t o  2020--making a t o t a l  program c o s t  of $10.7 b i l l i o n .  
T h e  f o l l o w i n g  c h a r t  summarizes  the LMFBR costs t h rouqh  f i s c a l  
y e a r  1974 and p r o j e c t i o n s  th rough  f i s c a l  y e a r  2020. A more 
d e t a i l e d  c h a r t  showing p r o j e c t e d  program c o s t s  f o r  f i s c a l  
y e a r s  1975 t o  2020 is i n c l u d e d  i n  a p p e n d i x  I .  

l o n e  which h a s  f c l l - s i z e  commerc ia l  p l a n t  components  and 
f e a t u r e s :  it may be a t  a lower power l e v e l  t h a n  a com- 
mercial p l a n t .  
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C a p i t a l  e q u i p m e n t  
C o n s t r u c t i o n  

T o t a l  

I n  a 1969  AEC 

FY 75 
Th ru t o  
FY 74 FY 7 5  2020 T o t a l  

( a c t u a l )  ( F Y  75 (FY 75-76 
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1 5  6 507 5 2 2  
97 36 1 , 0 2 3  1 ,120  

30 
4 70 88 2 , 021 2 , 4 9 1  

1 , 5 1 9  

1 I 350 3 3 . 1  7 , 0 1 8  8 , 368 

------ 1 , 489 _-- 56 --- -I- 

66 23 424 490 
1 , 8 1 0  

$ 8 , 8 7 3  $10 ,668  

----^ 
1 , 4 3 1  ------ 1 4 7  

$ 1  , 795 $481  

_L 

379 ~- 

i- -- 
s t u d y  e n t i t l e d  " C o s t - B e n e f i t  A n a l y s i s  of t h e  

U.S. Breede r  Program,"  AEC p r o j e c t e d  f o r  t h e  f i r s t  time t h e  
e x p e c t e d  r e s e a r c h  and deve lopmen t  c o s t s  f o r  t h e  LMFBR pro- 
gram. The cos t s  t h r o u g h  2 0 2 0  were  e s t i m a t e d  t o  be a b o u t  $3 .9  
b i l l i o n .  Thus ,  s i n c e  1 9 6 8 ,  t h e  e x p e c t e d  c o s t s  of t h e  LMF3R 
program have  i n c r e a s e d  by a b o u t  $ 6 . 8  b i l l i o n ,  n e a r l y  a t h r e e -  
f o l d  i n c r e a s e .  

Based on a recent  E R D A  s t u d y  compar ing  t h e  two e s t i -  
m a t e s ,  C3.5  b i l l i o n  of t h e  $ 6 . 8  b i l l i o n  i n c r e a s e  was d u e  t o  
i n f l a t i o n  t h r o u q h  f i s c a l  y e a r  1976.  The r e m a i n i n g  $ 3 . 3  b i l -  
l i o n  i n c r e a s e  was d u e  t o  c h a n g e s  i n  t h e  scope of  t h e  program,  
i n c l u d i n g  i n c r e a s e d  costs a s s o c i a t e d  w i t h  t h e  FFTF p r o j e c t  
($660  m i l l i o n ) ,  CRBR p r o j e c t  ($670  m i l l i o n ) ,  i n c r e a s e d  l a r q e  
component  deve lopmen t  program ($1 ,120  m i l l i o n ; ,  f u e l  d e v e l -  
opment program ($450  m i l l i o n ) ,  and s a f e t y  program ($140  m i l -  
l i o n )  , and c a p i t a l  equ ipmen t  and m i s c e l l a n e o u s  ( $ 2 2 0  m i l l i o n ) .  

These  c o s t  e s t ima tes  do n o t  i n c l u d e  t h e  amounts  s p e n t  
by A E C ' s  r e g u l a t o r y  o r g a n i z a t i o n  or t h e  amoun t s  t o  be merit 
by t h e  s u c c e s s o r  agency- - the  N u c l e a r  R e q u l a t o r y  Covmiss icn- -  
t o  meet t h e i r  l i c e n s i n g  and r e l a t e d  r e s p o n s i b i l i t i e s  per- 
t a i n i n g  to  t h e  LMFBR program. AEC's r e g u l a t o r y  o r g a n i z a t i o n  
s p e n t  a b o u t  $2 .2  m i l l i o n  i n  f i s c a l  y e a r  1973  and 1974 and t h e  
N u c l e a r  R e g u l a t o r y  Commission expects  t o  s p e n d  $22.7  m i l l i o n  
d u r i n g  f i s c a l  y e a r s  1975 t h r o u g h  1980 on LMFBR r e l a t e d  work. 

1 0  

G3 
-.__.. . . - 



The cos t s  fo r  p ros ram d i r e c t i o n  and a d m i n i s t r a t i o n  bv 
E P 3 A  emplovees  a r e  n o t  i n c l u d e 6  in  t h e  L.EIFBR procrrsm c o s t  
e s t i m a t e .  E R D A  d o e s  n o t  charcre anv  of  i t s  r e s e a r c h  D r o a r a m s ,  
i n c l u d i n g  t h e  LMFBR, h i t h  r e n u l a t o r v  c o s t s  o r  w i t h  t h e  c o s t s  
of  d i r e c t i n a  and a d m i n i s t e r  i n s  nroclrams bv i t s  e m ~ l o v e e s .  
T h i s  t r e a t m e n t  is c o n s i s t e n t  k i t h  ERDA's budclet j u s t i f i c a t i o n  
t o  t h e  C c n q r e s s ,  where proqrarr  d i r e c t i o n  and a d m i n i s t r a t i o n  
c o s t s  a r e  a l s o  c o n s i d e r e d  s e p a r a t e l y  r a t h e r  t h a n  a l l o c a t e d  I 

c o s t s  of c o n t r a c t o r s  enqaqed  in  t h e  LElFBF Drooram a r e  in-  
c l u d e d  i n  t h e  c o s t s  of t h a t  nroqram. 

t o  o t h e r  p rograms  and activities. Yowever, a d n i n i s t r ? t i v e  1 

A major  q u e s t i o n  t h a t  c o u l d  s i c l n i f  i c a n t l y  i n c r e a s e  t h e  

p l a n t s  needed a f t e r  C P B R  f o r  t h e  LIIF3P t o t a l  nower c o s t s  t c  
become c o m p e t i t i v e  w i t h  l i o h t - w a t e r  r e a c t o r  c o s t s .  AFC's 
LMFBR program cos t  e s t i m a t e  i n c l u d e s  $ 3 0 0  m i l l i o n  f o r  a 
Government  s u b s i d y  of  one  p l a n t  a f t e r  C R B K .  EPDA o f f i c i a l s  
s a i d ,  however ,  t h a t  t h e r e  is a a r e a t  d e a l  of  u n c e r t a i n t v  
r e q a r d i n g  ( 1 )  t h e  amount of s u b s i d v  t h a t  w i l l  be i i e c e s s a r v  
f o r  t h e  f i r s t  p l a n t  a f t e r  C R B R  an6 ( 2 )  whe the r  s u b s i d i e s  w i l l  
be n e c e s s a r y  f o r  a d d i t i o n a l  o l a n t s .  The o f f i c i a l s  e x a l s i n e d  
t h a t  much of t h i s  u n c e r t a i n t y  stems from w h e t h e r  d e s i s n  and 
c o n s t r u c t i o n  improvements  c a n  be r e a l i z e d  a f t e r  C R B R .  T h e  
e s t i m a t e  t h a t  o n l y  one  p l a n t  a f t e r  C R 3 R  would r e a u i r e  a 
s u b s i d y  of $300  m i l l i o n  is based  on t h e  assumDtion  t h a t  
such  d e s i q n  and c o n s t r u c t i o n  improvements  would be s i q n i f  i -  
c a n t .  

I p r o j e c t e d  LMFBR prooram c o s t  i n v o l v e s  t h e  nuvnber of J,:lFRP I 

I 

I 

E R D A  o f f i c i a l s  t o l d  u s  t h a t  based  on o t h e r  a n a l y s e s  
E R D A  and i t s  c o n t r a c t o r s  have made, t h i s  amount c o u l d  be  
a s  h i g h  a s  $ 2  b i l l i o n  f o r  s e v e r a l  D l a n t s  i f  t h e  z rogram 
d o e s  n o t  a t t a i n  i t s  deve lopmen t  g o a l s  and r e s u l t i n a  improve-  
m e n t s  and i f  more c o n s e r v a t i v e  a s s u m p t i o n s  a r e  made. 

C o s t  o f  p r i v a t e l y  funded  
r e s e a r c h  and deve lopmen t  -- --__--- 

I n  a d d i t i o n  t o  AEC-ERDA f u n d i n s ,  a c o ~ s i d e r a b l e  amount 
of p r i v a t e l y  funded  r e s e a r c h  and deve lopmen t  e f f o r t  is ae- 
v o t e d  to  t h e  LMFBR program.  R e a c t o r  m n u f a c t u r e r s ,  such  a s  
Atomics I n t e r n a t i o n a l ,  a D i v i s i o n  of Rockwell  I n t e r n a t i o n a l ;  
Bsbccck and Wilcox; Combust ion E n q i n e e r i n q ,  I n c . ;  G e n e r a l  
E l e c t r i c  Company; and bJes t inghouse  E l e c t r i c  C o r p o r a t i o n  
have  s p e n t  more t h a n  $80 m i l l i o n  f o r  D r i v a t e l v  funded  
r e s e a r c h  and deve lopmen t  o n  LMFBR t h r o u q h  1974.  Accord inq  
t o  company r e p r e s e n t a t i v e s ,  t h e s e  compan ies  exoect t o  spend  
more t h a n  $225  m i l l i o n  o v e r  t h e  n s x t  5 y e a r s  ( 1 9 7 5  t h r o u q h  
1979 I .  

The e l e c t r i c  u t i l i t y  i n d u s t r y  is a l s o  c o n t r i b u t i n q  t o  
xhe  LMFBR program. A s  of F e b r u a r y  1 9 7 5 ,  more t h a n  700 



e l e c t r i c  u t i l i t i e s  and c o o w r a t i v e s  have p l edged  $257 m i l -  
l i o n  t o  s u p p o r t  C R B R .  T h i s  r e p r e s e n t s  t h e  l a r g e s t  s i n g l e  
commitment t o  a i - e sea rch  and development  p r o j e c t  e v e r  under -  
t a k e n  by t h e  e l e c t r i c  u t i l i t y  i n d u s t r y .  

WHO IS INVOLVED I N  THE LMFBR PROGRAM? 

C a r r y i n g  o u t  t h e  LMFBR program i n v o l v e s  many v a r i e d  
pa r  t ic i pan t s from Fede r a 1 1 y owrieil, c o n t r a c t o r  -ope ra  t e d  l a  b- 
o r a t o r i e s  to p r i v a t e  i n d u s t r i a l  f i r m s  and u n i v e r s i t i e s .  A s  
o f  September  1974 ,  49 AEC pr ime c o n t r a c t o r s  and major  sub-  
c o n t r a c t o r s  were p a r t i c i p a t i n g  i n  t h e  LMFRR program. F i s c a l  
y e a r  1974 s t a f f i n g  d a t a  i l l u s t r a t e  t h e  amount a f  r e s o u r c e s  
t h a t  have been  used i n  t h e  prograrr!. I n  t h a t  y e a r ,  2 , 6 9 3  
d i r e c t  p r o f e s s i o n a l  s t a f f - y e a r s  of e f f o r t  were s p e n t  by A E C  
l a b o r a t o r y  and c o n + . r a c t o r  p e r s o n n e l .  T h i s  amounts  t o  79 
p e r c e n t  of t h e  t o t a l  3 , 4 1 3  d i r e c t  p r o f e s s i o n a l  s t a f f - y e a r s  
s p e n t  a t  t h e s e  same l o c a t i o n s  t o  s u p p o r t  A E C ' s  c i v i l i a n  
r e a c t o r  deve lopmen t  program, w h i c h  i n c l u d e s  t h e  LMFRR pro-  
gram. Appendix I1 shows t h e  major program p a r t i c i p a n t s  bv 
LMFBR program a r e a .  

N a t i o n a l  l a b o r a t o r  ies and o n s i n e e r  i n g  c e n t e r s  -------- ~ ---- - --------- 
ERDA o v e r s e e s  a number o f  Government-owned l a b o r a t o r i e s  

t h a t  a r e  o p e r a t e d  by c o n t r a c t o r  o r g a n i z a t i o n s  r e p r e s e n t i n g  
u n i v e r s i t i e s ,  c t h e r  n o n p r o f i t  o r g a n i z a t i o n s ,  and p r i v a t e  
i n d u s t r y .  T h e r e  a r e  32 s u c h  f a c i l i t i e s  t h r o u g h o u t  t h e  
c o u n t r y ,  e x c l u d i n g  p r o d u c t i o n  a r d  n u c l e a r  weapons f a b r i c a t i o n  
f a c i l i t i e s .  T h e s e  l a b o r a t o r i e s  have b u i l t  up a d i v e r s i t y  of 
s c i e n t i f i c  and t e c h n i c a l  r e s o u r c e s  and p l a n t  f a c i l i t i e s .  

Major  E R D A  L a b o r a t o r i e s  and Enq inee r  i n s  C e n t e r s  
and  T h e i r  Major Areas  o f  R e s p o n s i b i l i t i e s  

---- - ---- 
____I_- 

i n  S u p p o r t  o f t h e  LMFBR Program - -_-__- 
ERDA f a c i l i t y  and l o c a t i o n  e -- -.-- 

1. Argonne N a t i o n a l  L a b o r a t o r y ,  
Ch icacjo,  I1 1 i n o  is 

2 .  Hanford  E n g i n e e r i n g  Develop- 
ment L a b o r a t o r y ,  R i c h l a n d ,  
Wash i ng t o n  

3 .  L i q u i d  M e t a l  E n g i n e e r i n g  
C e n t e r ,  S a n t a  S u s a n a ,  C a l i -  
f o r n i a  

Area of  r e s p o n s i b i l i t y  

F u e l s  and m a t e r i a l s ,  phys-  
ics and s a f e t y  r e s e a r c h ,  
and component e n g i n e e r i n g  
a c t  i v  i t  i e s  

F u e l s  and m a t e r i a l s  and 
c o r e  deve lopmen t  a c t i v i -  
t i e s  

Component' and i n s t r u -  
m e n t a t i o n  deve lopmen t  
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4 .  H o l i f i e l d  N a t i o n a l  L a b o r a t o r y ,  S a f e t y ,  f u e l  r e c y c l e ,  and 
Oak R idge ,  T e n n e s s e e  compo n e n t d eve  1 o pm e ri t 

Argonne N a t i o n a l  L a b o r a t o r y ,  w h i c h  d e v o t e s  a major  por -  
t i o n  of i t s  e f f o r t  t o  t h e  LMFBR program,  h a s  t h e  o n l y  o p e r -  
a t i n g  b r e e d e r  r e a c t o r  i n  t h e  Un i t ed  States--EBR-11.  4 l t h o u g h  
Argonne is p r i m a r  i l v  r e s p o n s i b l e  f o r  LMFBR s a f e t y  p r o g r a m s ,  
i t  a l s o  c a r r i e s  o u t  b a s i c  s t u d i e s  and a p p l i e d  t e c h n o l o q y  work 
i n  t h e  f i e l d s  of r e a c t o r  p h y s i c s ,  f u e l  and m a t e r i a l s  d e v e l o p -  
m e n t ,  and component e n q i n e e r  i n g .  

S a n f o r d  E n g i n e e r i n g  Development L a b o r a t o r y  is t h e  s i t e  
of t h e  key e n q i n e e r  ing development  l a b o r a t o r y  f o r  t h e  LNFUR 
program. I t s  i n i t i a l  miss ior :  is t o  manage t h e  d e v e l o p m e n t ,  
d e s i g n ,  c o r t s t r u c t i o n ,  and s t a r t u p  of FFTF,  w h i c h  it w i l l  t h e n  
o p e r a t e .  T h i s  l a b o r a t o r y  is l a r g e l v  r e s p o n s i b l e  f o r  exam- 
i n i n g ,  d e v e l o p i n g ,  and f a b r i c a t i n g  f u e l s ,  m a t e r i a l s ,  and 
c l a d d i n g :  f o r  d e v e l o p i n g  r e a c t o r  component and i n s t r u m e n t a t i o n  
and sodium t e c h n o l o g y :  and f o r  m a t e r i a l s  management and 
s a f e g u a r d s  . 

T h e  L i q u i d  Meta l  E n q i n e e r i n g  C e n t e r  is s complex of  
l i q u i d  sodium f a c i l i t i e s  f o r  t e s t i n q  and e v a l u a t i n g  components  
s u c h  a s  h e a t  e x c h a n g e s ,  s t eam g e n e r a t o r s ,  v a l v e s ,  p i p i n g ,  
pumps, f l o w m e t e r s ,  and o t h e r  m e c h a n i c a l  elements f o r  b r e e d e r  
r e a c t o r s .  

A l though  Hol i f  i e l d  N a t i o n a l  L a b o r a t o r y  is i n v o l v e d  i n  
a l l  LMFBR program a r e a s  e x c e p t  p l a n t  e x p e r i e n c e ,  i t  is p r i -  
m a r i l y  i n v o l v e d  i n  t h e  s a f e t y  program and t h e  deve lopmen t  of 
LMFBR d e s i g n  and e n q i n e e r  ing s t a n d a r d s .  Remote hand1 ing  
o p e r a t i o n s  f o r  LMFBR f u e l  and s t r u c t _ i : r a l  d e s i g n  methods a r e  
two o t h e r  e s s e n t i a l  e l e i n e n t s  of i ts program.  

O t n e r  E R D A  l a b o r a t o r i e s  a l s o  p a r t i c i p a t e  i n  t h e  d e v e l o p -  
m e n t  o f  LMFBR, b u t  t o  a l e s s e r  e x t e n t .  Some of t h e s e  a r c  t h e  
Los Alamos S c i e n t i f i c  L a b o r a t o r y  a t  Los Alamos, N e w  Mexicc; 
t h e  P a c i f i c  N o r t h w e s t  L a b o r a t o r y  a t  R i c h l a n d ,  Washinqton;  
and t h e  I d a h o  N a t i o n a l  E n q i n e e r i n q  L a b o r a t o r y  a t  I d a h o  F a l l s ,  
Idaho .  

Pr i v a t c  i n d u s t r y  - --- 
P r i v a t e  i n d u s t r y ' s  i nvo lvemen t  i n  t h e  d e v e l o p m e n t a l  

s t a g e s  of t h e  LMFBR program is e s s e n t i a l  for m e e t i n g  t h e  p ro -  
gram o b j e c t i v e  of e s t a b l i s h i n g  a t i m e l y  c a p a b i l i t y  f o r  a 
commcrc i a l l y  c o m p e t i t i v e  b r e e d e r  program. C o n s t r u e  t i o n  a c t  i- 
J i t i e s  u n d e r t a k e n  a s  p a r t  of t h e  LMFBR t e s t i n g  and t e c h n o l o g y  
deve lopmen t  program ( e . g . ,  Sodium Pump T e s t  F a c i l i t y ,  FFTF, 
High Tempera tu re  Sodium F a c i l i t y )  have  p r o v i d e d  t h e  i n d u s t r i a l  
s e c t o r  of t h e  n u c l e a r  community w i t h  l a r g e - s c a l e  invo lvemen t  
with LMFBR t e c h n o l o g y .  Var ious  p r i v a t e  i n d u s t r i a l  f i r m s ,  
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under  c o n t r a c t  tr, E H D A ,  do r e s e a r c h  and deve lopmen t  work f o r  
t h e  b a s e  LMFBR program. 

I .  

Atomics  I n t e r n a t i o n a l ,  a D i v i s i o n  of Rockwell  I n t e r -  
n a t i o n a l ,  G e n e r a l  E l e c t r i c  Company, aad  Wes t inghouse  E l e c t r i c  
C o r p o r a t i o n  a r e  t h e  c h i e f  i n d u s t r i a l  o r q a n i z a t i o n s  i n v o l v e d  
i n  t h e  p rogram.  A l l  t h r e e  a r e  major  p a r t i c i p a n t s  on t h e  
C R B R  d e m o n s t r a t i o n  p r o j e c t .  West inqhouse  is t h e  l e a d  r e a c t o r  
m a n u f a c t u r e r  r e s p o n s i b l e  f o r  i n t e q r ? t i n q  t h e  e n t i r e  n u c l e a r  
p o r t i o n  of t h e  p l a n t .  Atomics I n t e r n a t i o n a l  and G e n e r a l  
E l e c t r i c  a r e  h e a v i l y  i n v c l v e d  i n  t h e  component deve lopmen t  
a r e a  of t h e  b a s e  LMFBR proqram,  and t h e y  a l s o  do some work 

I i n  t h e  s a f e t y  and f u e l s  and m a t e r i a l s  a r e a s .  Most of West- 
i n g h o u s e ' s  e f f o r t  f o r  t h e  b a s e  LMFBR t e c h n o l o g y  p ros ram is 
i n  t h e  component deve lopment  and f u e l s  and m a t e r i a l s  a r e a .  1 

West inghouse  is a l s o  t n e  FFTF r e a c t o r  p l a n t  d e s i g n e r .  4tOmics 
I n t e r n a t i o n a l  o p e r a t e s  t h e  L i q u i d  Meta l  E n g i n e e r i n q  C e n t e r  
f o r  E R D A .  I 

The LMFBR p r o q r a m ' s  h i q h  p r i o r i t y  and t h e  amount of 
money t o  be s p e n t  on it h a s  g e n e r a t e d  a g r e a t  d e a l  of c o n q r e s -  
s i o n a l  and p u b l i c  i n t e r e s t  i n  t h e  orogram. T h e  f o l l o w i n g  
c h a p t e r s  of t h i s  r e p o r t  d i s c u s s  s e v e r a l  a s p e c t s  of  LMFBR f o r  
w h i c h  a g r e a t  d e a l  of i n t e r e s t  h a s  been e x p r e s s e d .  These  
a s p e c t s  a r e  t h e  

- - e l e m e n t s  and f a c i l i t i e s  making up t h e  p r o q r a n ,  

--management s t r u c t u r e  of t h e  p rogram,  

- - r e l a t i v e  f u n d i n g  emphas i s  of t h e  LMFBR program,  and 

--LMFBR programs of f o r e i q n  n a t i o n s .  
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ELEMENTS A N D  F A C I L I T I E S  F’IAKING UP 
THE LMFBR PROGRAM 

------ 
-_-_-I-_---_--- 

T h e  LMFBE program c o n s i s t s  of s i x  major  program a r e a s ,  
each of which  c o n t r i b u t e s  an i m p o r t a n t  e l e m e n t  of t e c h n o l o q v .  
To r e a l i z e  t h e  o v e r a l l  o b j e c t i v e  of c o m m e r c i a l i z i n g  $MFBF, 
each a r e a  m u s t  be s u c c e s s f u l l y  c o m p l e t e d .  Accord inq  t o  E R D A ,  
none of t h e s e  a r e a s  h a s  been s u f f i c i e n t l y  d e v e l o p e d  to  sup-  
p o r t  a c o m m e r c i a l  p l a n t  a t  t h i s  time. The s i x  a r e a s  a r e  

- - r e a c t o r  p h y s i c s ,  

- - f u e l s  and v t e r  i a l s ,  

- - f u e l  r e c y c l e ,  

- - s a f e t y  , 
- -component  d e v e l o p m r ; i t ,  and 

- - p l a n t  exper i e n c e .  

Each p r o g r a m  a r e a  h a s  a t  l e a s t  one major  t e s t  or  demon- 
s r a t i o n  f a c i l i t y  which p r o v i d e s  a major c o n t r i b u t i o n  t o  t h e  
LMFBR c o m m e r c i a l i z a t i o n  o b j e c t i v e .  The r e l a t i o n s h i p  t h e s e  
f a c i l i t i e s  and proqram a r e a s  is shown i n  a p p e n d i x  111. For 
t h e  most p a r t ,  t h e s e  a r e  Government-9wned and c o n t r a c t o r -  
o p e r a t e d  f a c i l i t i e s .  They  have been b u i l t  up ove r  t ime and 
r e p r e s e n t  l a r g e  c a p i t a l  i n v e s t m e n t  by t h e  Government .  Many 
of  t h e  f a c i l i t i e s  z r e  a t  t h e  v a r i o u s  n a t i o n a l  l a b o r a t o r i e s  
b u t  some a re  a t  o t h e r  c o n t r a c t o r  l o c a t i o n s .  

REACTOR PHYSICS ------_-_ 
T h i s  program a r e a ’ s  o b j e c t i v e  is t o  d e v e l o p  d e s i q n  d a t a ,  

e x p e r i m e n t a l  p r o c e d u r e s ,  and a n a l y t i c a l  methods  a d e q u a t e  t o  
i n s u r e  t h e  s a f e  and economic pe r fo rmance  of commercial  LMFBRs.  
The Zero  Power P l u t o n i u m  Reac to r  i n  I d a m  is t h e  p r i n c i p a l  
e x p e r i m e n t a i  f a c i l i t y  f o r  t h i s  a r e a .  I t  is p r e s e n t l y  b e i n q  
m o d i f i e d  so it w i l l  be  a b l e  t o  h a n d l e  e x p e r i m e n t s  f o r  r e -  
a c t o r  cores  i n  t h e  commerc ia l  s i z e  r a n q e .  4 c c o r d i n q  t o  E R D A ,  
t h i s  is the most t e c h n o l o g i p a l l y  advanced  a r e a .  

FUELS AND MATERIALS --------- 
T h i s  a r e a  is c e n t e r e d  on d e v e l o p i n g  a r e l i a b l e ,  s a f e ,  

and economic  f u e l  syst.em d e s i g n .  E f f o r t s  a r e  b e i n g  made t c  
improve f u e l s  and m a t e r i a l s  f o r  n e a r  t e r n  n e e d s  and t o  d e v e l o p  
advanced  f u e l s  and m a t e r i a l s  w h i c h  a r e  n e c e s s a r y  i f  LMBBR is 
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t o  r e a c h  i ts  f u l l  p o t e n t i a l  f o r  r e s o u r c e  c o n s e r v a t i o n  and 
economic v i a b i l i t y .  A mixed-oxide' f a e l  d e s i g n  w i l l  be used 
a s  t h e  i n i t i a l  f u e l  f o r  FFTF and C R B R  and c o u l d  a l s o  be u s e d  -~ 
i n  a commerc ia l  p l a n t .  B u t  improved and advanced  f u e l s  and 
itlater i a l s  a r e  be i n q  d e v e l o p e d ,  pr imar i l y  t o  i n c r e a s e  t h e  
r e z c t o r  ' s  b r e e d i n g  c a p a b i l i t y .  

E B R - I 1  and i t s  a s s o c i a t e d  Hot F u e l  Examina t ion  F e c i l i t y  
a r e  t h e  p r i m a r y  f a c i l i t i e s  used i n  t h i s  a r e a .  When t h e  
FFTF is c o m ? l e t e d ,  i t  a l s o  w i l l  have a major  r o l e  i n  c a r r y i n g  
o u t  e x p e r i m e n t s  f o r  d e v e l o p i n g  f u e l s  and m a t e r i a l s .  T h e  
FFTF w i l l  be t h e  l a r g e s t ,  h i q h e s t  p e r f o r m a n c e  f u e l  tes t  
f a c i l i t y  i n  t h e  w o r l d .  

O n e  a d d i t i c p a l  f a c i l i t y  ( p r o j e c t e d  t o  c o s t  $ 5 0  m i l l i o n )  
is p lanned  f o r  t h i s  a r e a  I t  w i l l  be used t o  examine f u e l s  
and m a t e r i a l s  i r r a d i a t e d  i n  FFTF and C R B R .  

-I--- U n c e r t a i n t y  c o n c e r n i n g  - t h e  

I n  1 9 6 7 ,  when LMFBR became A E C ' s  h i q h e s t  p r i o r i t y  r e -  
a c t o r  2eve lopmen t  program,  AEC d e t e r m i n e d  t h a t  a commercia;  
LMFBR 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  w i t h i n  t h i s  c o u n t r y  d i d  
n o t  e x i s t .  S i n c e  i t  was e s s e n t i a l  t o  d e v e l o p  s u c h  c a p a b i l i t y ,  
AEC unde r took  a m u l t i p h a s e d  program t o  d e v e l o p  an i n d u s t r i a l  
c a p a b i l i t y  t o  p r o v i d e  enouqh f u e l  t o  m a i n t a i n  t h e  p roa ram.  

Az p a r t  of t h i s  _ . f f o r t ,  AEC awarded f i x e d - o r i c e  con-  
t t a c t s  i n  1972 t o  two companies  t o  f a b r i c a t e  f u e l  f o r  tkle 
f i r s t  two FFTF r e a c t o r  c o r e s .  T h e s e  compan ies  were a l r e a d y  
i n v o l v e d  i r ?  n u c l e a r  f u e l  f a b r i c a t i o n  work f o r  l i q h t - w a t e r  
r e a c t o r s  and had some e x p e r i e n c e  w i t h  f a b r  i c a t i n q  mixed- 
c x i d e  f u e l  s i m i l a r  t o  t h a t  r e q u i r e d  f o r  t h e  LMFBR proqram.  
Based cm c u r r e n t  p r o j e c t i o n s ,  both f a b r i c a t o r s  will comple t e  
p r o d u c t i o n  of t h e  f i r s t  two c o r e s  be tween J u n e  and Augus t  
1975.  Accord ing  t o  E R D A ,  t h e  o n l y  o t h e r  marke t  f o r  mixed- 
o x i d e  f u e l  i n  t h e  n e x t  s e v e r a l  y e a r s  w i l l  be t h e  C R B R  p r o -  
j e c t .  F u e l  f o r  C R B R  w i l l  n o t  have t o  be o r d e r e d  u n t i l  l a t e  
1978 t o  meet i t s  s c h e d u l e .  

When t h e  c o n t r a c t  commitments f o r  t h e  f i r s t  two FFTF 
c o r e s  a r e  met, these f a b r i c a t o r s  w i l l  have  no fo l low-on  
mixed-ox i d e  f u e l  f a b r  i c a t  i on  work a n d ,  a c c o r d  i n 9  t o  E R D A ,  
t h e i r  c u r r e n t  p r o d u c t i o n  f a c i l i t i e s  w i l l  p r o b a b l y  be s h u t  
down. Whether these  f a c i l i t i e s  c o u l d  o r  would become oper- 
a t i o n a l  a g a i n  is u n c e r t a i n .  Thus t h e r e  is a s t r o n g  p o s s i b i -  
l i t y  t h a t  t h e  c a p a b i l i t y  ( b o t h  f a c i l i t i e s  and p e r s o n n e l )  

'A mixed uranium and p lu toni i lm f u e l .  
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of one c r  bo th  f a b r i c a t o r s  w i l l  be l o s t  t o  t h e  LMFBR Isroaram. 
I f  t h e  p r o d u c t i o n  c a p a c i t y  of t h e s e  p l a n t s  is l o s t  and t h e  
p l a n t s  a r e  n o t  a v a i l a b l e  f o r  f u r t h e r  d e v e l o o m e n t ,  t n e r e  is no 
a s s u r a n c e  t h z t  t h e  i d e n t i f i e d  nea r - t e rm f u e l  needs  of b o t h  
t h e  FFTP and C R B R  c a n  be met .  

R e p r e s e n t a t i v e s  of each  c o n t r a c t o r  h svc  i n d i c a t e d  t h a t  
i f  t h e y  c o u l d  n o t  m a i n t a i n  c o n t i n u e d  o p e r a t i o n s  a f t e r  t h e i r  
p r e s e n t  commitments  a r e  % e t ,  t h e y  would have t o  c l o s e  down 
t h e i r  p l a n t s  and would p r o b a b l y  n o t  r e e n t e r  t h e  f i e l d .  T h e y  
a t t r i b u t e d  t h i s  t o  t h e  f a c t  t h a t  i f  t h e y  s h u t  down t h e i r  
p r e s e n t  f a c i l i t i e s  t h e y  would be r e q u i r e d  t o  i n v e s t  a s u b -  
s t a n t i a l  amount t o  c a p i t a l  t o  r e e n t e r  t h e  m a r k e t .  T h e y  would 
have t o  e i t h e r  e x t e n s i v e 1 . y  modify t h e i r  e x i s t i n g  € . a c i l i t i e s  
o r  b u i l d  n e w  p l a n t s  t o  meet chang ing  r e g u l a t o r y  r e q u i r e m e n t s  
and f u t u r e  t e c h n o l o g y  changes .  

i 

I 
j 
, 

One  of t h e  c o n t r a c t o r s  a l r e a d y  h a s  i n d i c a t e d  t h a t ,  

n o t  t o  p a r t i c i p a t e  beyo Id t h e i r  c u r r e n t  c o n t r a c t u a l  r e q u i r e -  
c e n t s  and may n o t  r e e n t e r  t h e  mixed-oxide  f u e l  f a b r i c a t i o n  
m a r k e t .  

b e c a u s e  of o v e r a l l  c o r p o r a t e  i n t e r e s t s ,  t h e  company may d e c i d e  I 

T o  m a i n t a i n  a c a p a b i l i t y  i n  p r i v a t e  i n r j u s t r y  t o  f a b r i -  
c a t e  LMFBR f u e l ,  a p l a n  h a s  beer, approved  wh.?reby E R D A  w i l l  
o r d e r  two a d d i t i o n a l  FFTF c o r e s  f o r  f u t u r e  use.  O n l y  one of 
t h e  two c o n t r a c t o r s  is t o  be s e l e c t e d  t o  p roduce  t h e  two a d d i -  
t i o n a l  FFTF c o r e s .  To  s e l e c t  t h e  c o n t r a c t o r ,  E R D A  P l a n s  t o  
s o l i c i t  b i d s  by mid -ca l enda r  y e a r  1975.  T h e  s e l e c t e d  con- 
t r a c t o r  would p r o b a b l y  be asked t o  n roduce  t h e  C F 3 R  D r o j e c t  
f u e l  when i t  is needed .  ERDA a n ' i c i p a t e s  t h a t  t h i s  a p p r o a c h  
w i l l  a l l o w  one  c o n t r a c t o r  t o  c o n t i n u e  o p e r a t i o n s  u a t i l  a b o u t  
mid-1978. I f  bo th  c o n t r a c t o r s  were s e l e c t e d  t o  f a b r i c a t e  t h e  
a d d i t i o n a l  FFTF f u e l ,  ERDA e s t i m a t e s  t h a t  t h e r e  would o n l v  bc 
enough work t o  c a r r y  both  of t h e m  th rouqh  t h e  l a t t e r  p a r t  o f  
1 9 7 6 .  T h u s ,  the p o s s i b i i i t y  w o u l d  s t i l l  e x i s t  t h a t  bo th  
would be f o r c e d  t o  s h u t  down o p e r a t i o n s  and t h e  commerc ia l  
p r o d u c t i o n  c a p a b i l i t y  of t h e i r  p l a n t s  would be l o s t .  

I n  f o l l o w i n g  t h i s  o n e - s u p p l i e r  a p p r o a c h ,  E R D A  is r e l y i n q  
on t h e  b r e a k  i n  o p e r a t i o n s  between c o m p l e t i o n  of FFTF work 
and b e g i n n i n g  of CRBR work t o  be s h o r t  enough fo r  t h e  sup- 
p l i e r  t o  c o n t i n u e  i n  t h e  b u s i n e s s .  E R D A  e s t i n a t e s  t h i s  b reak  
t o  be a b o u t  6 t o  1 2  months.  Accord ing  t o  a n  E R D A  o f f i c i a l ,  
t h i s  b reak  may be r educed  by s t r e t c h i n g  o u t  t h e  FFTF f a b r i -  
c a t i o n  work and/or  b e g i n n i n g  w o r k  on t h e  CRBR f u e l  e a r l i e r  
t h a n  p r e s e n t l y  s c h e d u l e d .  However, t h e  l e n g t h  of t h i s  b r e a k  
is d i r e c t l y  r e l a t e d  t o  t h e  CRBR p r o j e c t  m e e t i n g  i t s  s c h e d u l e d  
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.. , 

J u l y  1982 i n i t i a l  c r i t i c a l i t y 1  d a t e .  S i n c e  1972,  t h e  i n i t i a l  
c r i t i c a l i t y  d a t e  of t h e  C R B R  p r o j e c t  h a s  been d e l a y e d  f o r  3 
y e a r s :  from 1979 t o  1982.  

The c o u r s e  of a c t i o n  E R D A  p l a n s  t o  t a k e  is d i r e c t e d  a t  
t o t a l  s u p p o r t  of one commercial  mixed-oxide  f u e l  f a b r i c a t o r  
f o r  p roduc ing  .111 of t h e  nea r - t e rm LMFBR f u e l  n i n s  needed i n  
t h e  program. T h e r e  a r e  i n h e r e n t  p rob lems  w i t h  a s i t u a t i o n  
where in  t h e r e  is a t o t a l  dependence  u7on one  s u p p l i e r .  This 
c o u l d  a d v e r s e l y  e f f e c t  s u c h  t h i n g s  a s  t h e  f u t u r e  p r i c e s  o f  
needed f u e l ,  i n c e n t i v e  of one s u p p l i e r  t o  e f f i c i e n t l y  and 
e f f e c t i v e l y  p r o d u c e  LMFBR f u e l  p i n s ,  acd c o n t i n u e d  s u p p l y  of  
f u e l  f o r  LMFBR p r o q r a n  needs .  

I n  November 1974,  A E C ' s  O f f i c e  of P l a n n i n g  and A n a l y s i s  
commented t h a t  t h i s  app roach  t o  s u p p o r t  a s o l e  commerc ia l  
sGurce  was a d e p a r t u r e  from A E C ' s  p o l i c y  of  d e v e l o p i n g  com- 
p e t i t i v e ,  f r e e  e n t e r p r i s e ,  commercial  i n d u s t r i e s  b u t  t h a t  i t  
may be j u s t i f i e d  because  of t h e  s m a l l  e x p e c t e d  n e a r - t e r m  
marke t  f o r  LMFBR f u e l .  However, t h i s  O f f i c e  conc luded  t h a t  
t h e  b a s i s  f o r  p r o c e e d i n q  w i t h  t h i s  app roach  s h o u l d  be reexam- 
ined  if t h e r e  is s i g n i f i c a n t  CRBR p r o j e c t  s l i p p a g e .  

FUEL RECYCLE - -- - - -- -- 
The o b j e c t i v e  of t h 2  f u e l  r e c y c l e  program a r e a  is t o  

d e v e l o p  t e c h n o l o g y  i n  a r e a s  of r e p r o c e s s i n g ,  r e f a b r  i c a t i n q ,  
and s h i p p i n g  s p e n t  LMFBR f u e l s  t o  p e r m i t  an e c o n o m i c a l l y  
c o m p e t i t i v e  LMFBR t o  a t t a i n  a d o u b l i n q  time2 of l ess  than  1 0  
y e a r s .  The f u e l  r e c y c l e  a r e a  is c u r r e n t l y  c e n t e r e d  i n  t h e  
l a b o r a r o r y  and ,  a c c o r d i n g  t o  E R D A ,  i t  is p r o b a b l y  t h e  l e a s t  
t e c h n o l o g i c a l l y  advanced  a r e a  a t  t h i s  t ime. 

The commerc ia l  success of t h e  b r e e d e r  depends  on an 
e f f i c i e n t  f u e l  c y c l e  wherfaby f u e l  burned i n  t n e  r e a c t o r  can  
be r e p r o c e s s e d  t o  r e c o v e r  t h e  n e w l y  b red  m a t e r i a l  ( p l u t o n i u m )  
a s  w e l l  a s  t h e  r e m a i n s  of' t h e  s p e n t  m a t e r i a l .  T h i s  r e q u i r e s  
s h i p p i n g  t h e  s p e n t  u s a b l e  f u e l ,  r e p r o c e s s i n q  i t  t o  r e c o v e r  any 
r e u s a b l e  m a t e r i a l ,  and r e f a b r  i c a t i n g  t h e  r e c o v e r e d  m a t e r i a l  
i n t o  new LMFBR f g e l .  The e f f i c i e n c y  of these  p r o c e s s e s  w i l l  

%?he s t a t e  of a n u c l e a r  r e a c t o r  when i t  is s u s t a i n i n g  a c h a i n  

&he time r e q u i r e d  f o r  a b r e e d e r  r e a c t o r  t o  p roduce  a s  much 
f i s s i o n a b l e  m a t e r i a l  a s  t h e  amount usua1l.y c o n t a i n e d  in  i t s  
c o r e  p l u s  t h e  amount t i e d  up i n  i ts f u e l  c y c l e  ( f a b r i c a t i o n ,  
r e p r o c e s s i n g ,  e t c . ) .  ERDA e x p e c t s  t h a t  l a t e r ,  w i t h  t h e  p e r -  
f e c t i o n  of advanced  fuels ,  t h e  d o u b l i n g  time f o r  p lu ton ium 
p r o d u c t i o n  i n  t h e  b r e e d e r s  can be made t o  exceed  t h e  d o u b l i n g  
time f o r  e l e c t r i c a l  e n e r g y  demand. 

r e a c t  i on .  
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have  a strol-rq e f f e c t  on f u e l  d o u b l i n q  time and h e n c e  economics  
o f  LMFBR. Acc.ordinq t o  E R D A ,  LMFbR w i l l  n o t  be v i a b l e  w i t h o u t  
an  e f f i c i e n t  f u e l  c y c l e .  

The a b i l i t y  t o  recycle  Dlutonium f o r  use  i n  LMFBRs is 
e y s e n t i a l  t o  t h e  LMFBR c o n c e p t .  The N u c l e a r  R e g u l a t o r y  
Commission is p r e s e n t l y  c o n s i d e r i n g  t h e  a u e s t i o n  of a l l o w i n q  
t h e  r e c y c l i n g  of p lu ton ium i n  l i g h t - w a t e r  r e a c t o r s .  I n  
c o n s i d e r i n g  t h i s  a u e s t i o n ,  t h e  Commission is s t u d y i n g  t h e  
issues s u r r o u n d i n g  t h e  s a f e t y ,  e n v i r o n m e n t a l ,  and s a f e q u a r d  
i m p a c t s  of u s i n g  p l u t o n i u m .  In  August  1974 ,  t h e  AEC r e q u -  
l a t o r y  o r g a n i z a t i o n  i s s u e d  a d r a f t  on " G e n e r i c  Env i ronmen ta l  
S t a t e m e n t  on t h e  Use of Recvcled P1L;tonium i n  Mixed Cx ide  
F u e l  i n  L i g h t  Water-Cooled R e a c t o r s . "  A Commission o f f i c i a l  
t o l d  u s  t h e  Commission e x p e c t s  t o  r e a c h  a d e c i s i o n  on t h e  
a c c e p t a b i l i t y  of r e c y c l i n g  p lu ton ium i n  l i g h t - w a t e r  r e a c t o r s  
i n  l a t e  197'7 or e a r l y  1978.  T h i s  o f f i c i a l  s a i d  t h a t  a Com- 
m i s s i o n  d e c i s i o r . ,  w h i c h  d o e s  n o t  approve  p l u t o n i u m  r e c y c l  i n a  
f o r  l i g h t - w a t e r  r e a c t o r s  f o r  h e a l t h ,  s a f e t y ,  o r  s a f e g u a r d  
r e a s o n s .  c o u l d  have an a d v e r s e  e f f e c t  on t h e  a c c e p t a b i l i t y  
o f  r e c y c l i n g  p l u t o n i u m  f o r  t h e  LMFbR s ince  t h e  h e a l t h ,  s a f e t y ,  
and s a f e g u a r d  i m p a c t s  of u s i n g  p l u t o n i u m  a r e  s i m i l a r  f o r  
b o t h .  

/ 
i 

I 

T h e  long- t e rm g o a l  f o r  f u e l  f a b r i c a t i o n  is t h e  s t a r t u p  
of l a r g e  commerc ia l  f u e l  f a b r i c a t i o n  f a c i l i t i e s  i n  1988 or 
1989.  For f u e l  r e p r o c e s s i n g ,  t h e  a o a l s  a r e  t o  commit f u n d s  
f o r  t h e  f i r s t  coinmercial  r e p r o c e s s i n q  p l a n t  i n  1987 and t o  
S t Z i  t f u l l - s c a l e  commerc ia l  f u e l  r e p r o c e s s i n g  by 1997.  

To advance  t h e  f u e l  cyc le  t o  t h e  p o t e n t i a l  of r a p i d  
r e p r o c e s s i n g  of f a s t  r e a c t o r  f u e l s ,  two f a c i l i t i e s  a r e  p l a n -  
ned: a High Pe r fo rmance  F u e l  L a b o r a t o r y  and an LMFBR F u e l s  
R e p r o c e s s i n g  Hnt P i l o t  P l a n t .  The High Pe r fo rmance  F u e l  . 
L a b o r a t c r y  is p r o j e c t e d  t o  c o s t  $54 m i l l i o n  t o  b u i l d  and i s  
e x p e c t e d  t o  become o p e r a t i o n a l  i n  l a t e  1981 or e a r l v  1982.  
I t  w i l l  be used t o  d e m o n s t r a t e  f a b r i c a t i o n  o f  LMFBR f u e l  
u s i n g  p l u t o n i u m  from l i g h t  wa te r  r e a c t o r s  and w i l l  p r o v i d e  
t h e  t e c h n o l o g i c a l  b a s e  f o r  d e s i g n i n g  and o p e r a t i n g  economic  
h i g h  p r o d u c t i o n  l i c c n s e a b l e  commerc ia l  p l a n t s  e 

The LMFBR F u e l s  R e p r o c e s s i n g  Hot P i l o t  P l a n t ,  c o n s i s t i n a  
of a s t o r i n g  and r e c e i v i n g  f a c i l i t y  and an e x p e r i m e n t a l  r e -  
p rocess inc j  p l a n t ,  w i l l  d e m o q s t r a t e  t h e  t e c h n o l o g y  of r e c e i v -  
i n g ,  h a n d l i n g ,  s t o r i n g ,  2nd r e p r o c e s s i n g  spent  LMFBR f u e l  
( i n i t i a l l y  FFTF and CRBR f u e l s )  w i t h  f u l l - s c a l e  equ ipmen t .  
The s t o r i n g  and r e c e i v i n g  f a c i l i t y  is p r e s e n t l y  e s t i m a t e d  t o  
cos t  $100 m i l l i o n  and is e x p e c t e d  t o  b e g i n  o p e r a t i n g  i n  m i a -  
1981 .  The e x p e r i m e n t a l  r e p r o c e s s i n g  f a c i l i t y  is e s t i m a t e d  t o  
cost $200  m i l l i o n  and is e x p e c t e d  t o  b e g i n  o p e r a t i n g  i n  f i s -  
c a l  y e a r  1985.  
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SAFETY ----- 
The o b j e c t i v e  of t h e  LMFBP s a f e t y  Droqram is t o  i n v e s t i -  

g a t e  and dewklop  t h e  ' t e chno logy  n e c e s s a r y  t o  r e s o l v e  s a f e t y  
c o n c e r n s  r e l a t e d  t o  t h e  LMFBR c o n c e p t .  T h e  Drogram a ims  t o  
d e v e l o p  s u f f i c i e n t  t e c h n o l o g y  t o  g e t  a g e n e r a l l y  ac 'cep ted  
v i ew t h a t  LMFBRs do n o t  r e p r e s e n t  a n  undue h a z a r d  t o  t h e  
h e d l t h  and s a f e t y  o f  t h e  p u b l i c .  T h e  program is i n t e n d e d  t o  
d e m o n s t r a t e  t h a t  

- - a c c t d e n t s  l e a d i n g  t o  major c o r e  d i s r u p t i o n  w i l l  n o t  
happen  : 

- -even i f  a c c i d e n t s  do happen ,  t h e  s y s t e m  can  be d e s i g n e d  

--even i f  t h e  s y s t e m  were s e r i o u s l y  damaged by an a c c i -  

t o  p r e c l u d e  s e r i o u s  damaqe; 2nd 

d e n t ,  t h e  c o n s e q u e n c e s  w i l l  n o t  harm t h e  p u b l i c .  

A c c o r d i n g  t o  E R D A ,  t h e  s a f e t y  a r e a  h a s  r e c e i v e d  c o n s i d -  
e r a b l e  e m p h a s i s ,  many b a s i c  s a f e t y  q u e s t  i o n s  have been an-  
ewered ,  and  a l a r g e  amount of t e c h n o l o g y  is a v a i l a b l e .  
major  q u e s t i o n  y e t  t o  be answered is t h a t  of r e c r i t i c a l i t y  
o c c u r r i n g  i d  a c o r e  d i s r u p t i v e  a c c i d e n t  happens .  B e f o r e  l a r a e  
commerc ia l  p l a n t s  a r e  b u i l t ,  t h e  p r o b a b i l i t y  of a c o r e  d i s -  
r u p t i v e  a c c i d e n t  happen inq  m u s t  be shown t o  be s u f f i c i e n t l y  
low so t h a t  it becomes u n i m p o r t a n t  or  i t  m u s t  be dcmon- 
s t r a t e d  t h a t  s u c h  an a c c i d e n t  d o e s  n o t  have  s e r i o u s  D u b l i c  
c o n s e q u e n c e s .  As t h e  LMFBR p l a n t s  become l a r g e r  so c o u l d  
t h e  p o t e n t i a l  c o n s e q u e n c e s  of a c o r e  d i s r u p t i v e  a c c i d e n t .  
A p o i n t  c o u l d  be r e a c h e d  where d e s i g n  o p t i o n s  t o  m a i n t a i n  
s a f e t y  m a r g i n s  a r e  n o t  e c o n o m i c a l l y  f e a s i b l e :  t h e r e f o r e ,  
f a i l u r e  to s a t i s f a c t o r i l y  r e s o l v e  t h e  c o r e  d i s r u p t i v e  
a c c i d e n t  q u e s t i o n  might  l i m i t  t h e  s i z e  of commerc ia l  p l a n t s .  

E R 3 A  a n t i c i p a t e s  t h a t  s a f e t y  work w i l l  be comple ted  i n  
t h e  1 9 9 0 s  but t h a t  f u n d i n g  w i l l  c o n t i n u e  t o  be Drovided f o r  
s a f e t y  r e s e a r c h  and deve lopmen t  f o r  a s  l ong  a s  LMFBRs a r e  
be ing  bu i I t  - 
a c t o r  T e s t  F a c i l i t y  i n  I d a h o ,  a r e  now used i n  t h e  s a f e t y  
program. T h i s  f a c i l i t y  is used t o  t e s t  t h e  b e h a v i o r  of f u e l  
under  c h a n g i n g  t e m p e r a t u r e  and power c o n d i t i o n s .  O n e  o t h e r  

O"f 

S e v e r a l  major  f a c i l i t i e s ,  i n c l u d i n q  t h e  T r a n s i e n t  Re- 

lThe r e a s s e m b l y  of t h e  mol ten  f u e l  d u r i n g  an a c c i d e n t  i n t o  a 
mass c a p a b l e  of  r e l e a s i n g  p o t e n t i a l l y  l a r g e  amounts  of 
e n e r g y .  Sone  e x p e r t s  h y p o t h e s i z e  t h a t  an a c c i d e n t  i n v o l v i n g  
r e c r i t i c a l  i t y  c ~ u l d  c a u s e  an e n e r g y  r e l e a s e  s u f f i c i e n t  
enough to leak irom i h e  r e a c t o r  c o n t a i n m e n t  b u i l d i n g  and 
r e l e a s e  r a d i o a c t i v e  m a t e r i a l  t o  t h e  e n v i r o n m e n t .  
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major  f a c i l i t y  is planned--a  S a f e t v  Research  Excer i m e n t  
F a c i l i t y .  

T h e  S a f e t y  Resea rch  Exoer irnent F a c i l i t y  i s  ~ r e s e n t l v  
e s t i m a t e d  t o  c o s t  $230 m i l l i o n  and is e x p e c t e d  t o  S e i i n  
o p e r a t i o n s  i n  t h e  riiid-1980s. T h i s  f a c i l i t v  w i l l  o r o v i d e  a 
f a s t - f l u x  zone f o r  t e s t i n a  up t o  s e v e n  f u l l - s c a l e  LISFBR 
f u e l  a s s e m b l i e s  t o  and thrOu9h t o t a l  l o s s  of f u e l  e l e m e n t  
i n t e g r i t y .  I t  v i l l  e n a b l e  d a t a  t o  be d e v e l o p e d  t o  a d d r e s s  
o u t s t a n d i n g  s a f e t y  i s s u e s - - s u c h  a s  t h e  q u e s t i o n  of r e c r  i t i -  
c a l i t y - - a c d  w i l l  p r o v i d e  i n p u t  i n t o  t h e  d e s i q n  e v a l u a t i o n  
Drocess  of corr tnercial  LMFi3R d e s i q n s  and d a t a  t o  respond t o  
c o n c e r n s  of l i - c e n s i n q  b o d i e s  and c i t i z e n  q r o u p s .  I t  w i l l  
a l s o  p r o v i d e  t h e  c a p a b i l i t y  of c o n d u c t i n a  D r o t o t v p i c  t e s t s  
under  c o n d i t i o n s  of h y p o t h e s i z e d  LMFBR a c c i d e n t s .  

Accord ina  t o  E R D A ,  t h i s  o l anned  f a c i l i t y  is n o t  needed 
t o  p r o v i d e  s a f e t y  d a t a  b e f o r e  the s c h e d u l e d  J u l y  1982 o p e r -  
a t i o n  of t h e  C l i n c h  R ive r  Breede r  R e a c t o r  d e n t o n s t r a t i o n  n l a n t  
because  c o n s e r v a t i v e  d e s i g n  f e a t u r e s  and rnarqins  a r e  i n c l u d e d  
i n  t h z  p r e s e n t  C R B R  d e s i a n .  However, i t  is needed t o  p r o v i d e  
d a t a  f o r  t h e  d e s i g n  G E  l a r o e r  p l a n t s  a s  these  same c o n s e r -  
v a t i s m s  and m a r g i n s  impose s u b s t a n t i a l  economic o e n a l t i e s  on 
t h e  c o s t  of e n e r g y  t o  be o b t a i n e d .  

COMPONENT CFVELOPM ENT - - - 
T h e  o b j e c t i v e  of t h i s  a r e a  is t o  i n s u r e  t h e  a v a i l a b i l i t y  

of p l a n t  components  and s y s t e m s  w i t h  d e m o n s t r a t e d  c a p a b i l i t y  
of mee t ing  t h e  e x a c t i n g  pe r fo rmance  r e q u i r e m e n t s  of commercial  
LMFBRs,  i n c l u d i n g  r e l i a b i l i t y ,  s a f e t y ,  economy, o o e r a b i l  i t v ,  
and e a s e  of m a i n t e n a n c e .  T h i s  a r e a  is i n  t r a n s i t i o n  fron! 
f o c u s i n g  on n e a r - t e r m  n e e d s  ( F F T F  and C R B R )  t o  f o c u s i n a  on 
component s i z e s  of i n t e r e s t  t o  commerc ia l  p l a n t s .  Accord inq  
t o  E R D A ,  p r o q r e s s  t o  d a t e  i n  d e v e l o p i n g  components ,  p a r t i -  
c u l a r l y  t h o s e  t o  be u s e d  i n  FFTF,  h a s  n o t  b e e n  s a t i s f a c t o r y .  

Accord ing  t o  E R D A ,  many comporlent f e a t t i r e s  a r e  b e i n a  
d e v e l o p e d  w h i c h  a r e  a p p l i c a b l e  t o  l a r q e  D l a n t s ,  b u t  i t  is 
n e c e s s a r y  t o  proof  t e s t  t h e  f u l l - s i z e  components  t o  p r o v i d e  
a s s u r a n c e  t h a t  t h e y  w i l l  o p e r a t e  r e l i a b l y  under  c o n d i t i o n s  
t y p i c a l  of Dower p l a n t  s e r v i c e s .  F a c i l i t i e s  c u r r e n t l y  a v a i l -  
a b l e  w i t h i n  t h e  program a r e  i n a d e q u a t e  f o r  t e s t i n a  t h e  l a r s e -  
s i z e  components .  C o n s e q u e n t l y ,  a P l a n t  Component T e s t  
F a c i l i t y ,  w h i c h  w i l l  s e r v e  a s  a t e s t  bed f o r  c o m m e r c i a l - s i z e  
components ,  h a s  been added t o  t h e  LMFBR proqram p l a n .  T h i s  
f a c i l i t y  is e s t i m a t e d  t o  c o s t  a b o u t  $ 2 0 0  m i l l i o n  and is p l a n -  
ned f o r  o p e r a t i o n  i n  t h e  e a r l y  1980s .  ERDA e x p e c t s  t h a t  
t e s t i n g  components  f o r  t h e  nea r  commerc ia l  D l a n t  w i l l  be 
comple t ed  by 1984.  
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I n  a d d i t i o n  t o  t h e  P l a n t  Component T e s t  F a c i l i t v ,  E R D A  
p l a n s  t o  c o n s t r u c t  a R a d i a t i o n  and R e p a i r  C n q i n e e r i n a  F a c i -  
l i t y - - e s t i m a t e d  t o  c o s t  $ 3 6  m i l l i o n - - f o r  v a i n t a i n i n q  and r e -  
p a i r  i n q  l a r g e ,  r a d i o a c t i v e  sod  ium-con tam i n a  t ed  comoonen ts. 

P r e s e n t  emphas i s  i n  t h e  component develoornent  a r e a  is 
on t h e  deve lopmen t  of components  f c r  C R B R .  F a b r i c a t i o n  of  
p r o t o t v p e  components  is s c h e d u l e d  t o  beq in  i n  1975 w i t h  I 
tcstincl t o  f o l l o w .  T h e  c r i t i c a l  components - - the  pump and / 
s t e a m  q e n e r a t o r - - a r e  s c h e d u l e d  f o r  t e s t i n g  i n  1 9 7 7 .  Accor- 
d i n g  t o  E R D A ,  t h i s  w i l l  be e a r l y  enouah t o  a l l o w  rework ,  i f  
n e c e s s a r y ,  based  on t h e  t e s t  r e s u l t s ,  b e f o r e  i n s t a l l  incl t h e s e  
comooncnts  i n  C R B R .  

PLANT E X P E R I E N C E  I ----- 
The o b j e c t i v e  of t h i s  a r e a  is t o  d e m o n s t r a t e  t h e  l i c e n s e a -  

b i l i t y ,  o p e r a b i l i t y ,  f l e x i b i l i t v ,  s a f e t y ,  r e l i a b i l i t v ,  a v a i l -  I 

a b i l i t y ,  i n s p e c t a b i l i t v ,  m a i n t a i n a b i l i t y ,  e n v i r o n m e n t a l  
a c c e p t a b i l i t y ,  and econoqy o f  LMFBR. T h e  o l a n t  e x o e r  ience 
a r e a  of t h e  Ll lFBR Drogram is where t e c h n o l o a v  d e v e l o p m e n t s  
a r e  i n t e g r a t e d  i n t o  an o p e r a t i n q  r e a c t o r  t o  d e m o n s t r a t e  t h e  
f e a s i b i l i t y  of t h e  t o t a l  c o n c e p t .  Accord inq  t o  E R D 4 ,  D l a n t  
e x p e r i e n c e  is a c a u i r e d  by d e s i g n i n a ,  c o n s t r u c t i n a ,  and 
o p e r a t i n g  a s u c c e s s i o n  of o l a n t s - - D r o q r e s s i n q  i n  s i z e  t h r o u a h  
r e a s o n a b l e  e x t r a p o l a t i o n s  of t e c h n o l o q y - - u n t i l  t h e  commerc ia l  
p l a n t  is r e a c h e d .  L imi t ed  e x p e r i e n c e  h a s  been a c h i e v e d  from 
o p e r a t i n g  s e v e r a l  U.S. r e a c t o r s ,  and more is e x p e c t e d  from 
FFTF.  

E R D A  b e l i e v e s  t h a t  s u c c e s s f u l l v  c o m c l e t i n q  C R B R  and t h e  
nea r  commerc ia l  p l a n t  ( see  P .  81,  t o q e t h e r  w i t h  t h e  e x p e r i -  
ence g a i n e d  from f o r e i g n  LMFBR p rograms ,  s h o u l d  p r o v i d e  
a d e q u a t e  e x p e r i e n c e  f o r  t h e  U.S. b r e e d e r  i n d u s t r y .  C R B R  
w i l l  s e r v e  t o  d e m o n s t r a t e  LMFBR r e l i a b i l i t y ,  s a f e t y ,  l i -  
c e n s e a b i l i t y ,  2nd e n v i r o n m e n t a l  a c c e p t a b i l i t y ,  f o c u s i n q  
i n d u s t r y  and u t i l i t y  e f f o r t s  on e s t a b l i s h i n g  t h e  commerc ia l  
v i a b i l i t y  of t h e  c o n c e p t .  

Accord ing  t o  E R D A ,  the nea r  commerc ia l  p l a n t ,  r e f e r r e d  
t o  a s  t h e  Near Commercial  Breede r  R e a c t o r  ( N C E A ) ,  is t o  p ro -  
v i d e  t h e  l a r q e - s c a l e  p l a n t  e x D e r i e n c e  n e c e s s a r y  t o  i n i t i a t e  
f b l l  i n d u s t r i a l  p a r t i c i D a t i o n  f o r  c o m m e r c i a l i z i n q  t h e  LMFBR. 
The e x p e r i e n c e  of ERDA and D r i v a t e  i n d u s t r y  w i t h  t h i s  
f a c i l i t y  s h o u l d  d e t e r m i p e  how much work on t h e  LMFBR c o n c e p t  
is n e c e s s a r y  b e f o r e  i.t is f u l l y  a c c e p t e d  bv t h e  n u c l e a r  
i n d u s t r y  and i n t e g r a t e d  i n t o  u t i l i t i e s '  Dower p r o d u c t i o n  
s y s t e m s .  NCBR is n o t  w e l l  d e f i n e d  y e t  e x c e p t  t h a t  it is 
e x p e c t e d  t o  be a l a r g e ,  c o m m e r c i a l - s i z e  LMFBR ( i n  t h e  1 , 0 0 0  
t o  1 ,509  M W e  power r a n q e )  w h i c h  uses l a r q e ,  c o m m e r c i a l - s i z e  
components .  T h i s  s i z e  would g e n e r a t e  a b o u t  f o u r  times a s  
much power a s  C R B R .  
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' u  
ERDA p l a n s  t o  fund work G n  d e s i q n s  of l a r q e  o l a n t s  w h i c h  

m u s t  !x begun b e f o r e  d e s i g n i n g  and c o n s t r u a t i n a  IJCBR. These  
des igns- -known a s  LMFBR T a r g e t  P l a n t  Des i -qns- -a re  a l s o  e x -  
pected t o  p r o v i d e  e s s e n t i a l  t e c h n i c a l  i n r J u t  t o  t h e  f u l l - s i z e  
component  d e v e l o p m e n t  and t e s t i n g  Droqram a s  well a s  t o  t h e  
r e s t  of t h e  LMFBR b a s e  t e c h n o l o g y  e f f o r t .  

Work on t h e  LMFBR T a r q e t  P l a n t  D e s i q n s  is e x p e c t e d  t o  
b e g i n  in mid-1975. Two o r  more r e a c t o r  m a n u f a c t u r e r s  a r e  t o  
be  selected t o  d e v e l s D  e n g i n e e r  i n s  d e s i g n s  of commerc ia l  
LMFBRs which  t h e s e  r e a c t o r  m a n u f a c t u r e r s  migh t  p r o p o s e  t o  
m a r k e t .  T h i s  e f f o r t  is exDected  t o  l a s t  a b o u t  3 y e a r s .  

The E l e c t r i c  Power R e s e a r c h  I n s t i t u t e '  h a s  e x p r e s s e d  an 
i n t e r e s t  i n  p a r t i c i p a t i n g  w i t h  E R D A  i n  t h e  c o n d u c t  of t h e  T a r q e t  
P l a n t  D e s i g n s  and h a s  i n d i c a t e d  a w i l l i n q n e s c  t o  s h a r e  sub-  
s t a n t i a l l y  i n  t h e  c o s t s .  N e g o t i a t i o n s  a r e  D r e s e n t l y  underway 
t o  d e t e r m i n e  t h e  e x t e n t  of t h e  I n s t i t u t e ' s  invo lvemen t  and 
cost  s h a r i n g  a r r a n g e m e n t s .  

AEC p r e v i o u s l y  funded a s i m i l a r  d e s i g n  e f f o r t  which 
ended  ir. 1 3 6 8 .  N e w  d e s i g n s  a r e  now n e e d e d ,  a c c o r d i n q  t o  E R D A ,  
because s u b s t a n t i a l  changes  i n  t h e  program and c o n s i d e r a b l e  
a d v a n c e s  i n  t h e  t e c h n o l o g y  have o c c u r r e d  s i n c e  1963.  

U n c e r t a i n t i e s  a s s o c i a t e d  w i t h  NCBR 
I___-______ - ----- ----- 

ERD4 e n v i s i o n s  t h a t  NCBR w i l l  be a c o o p e r a t i v e  p r o j e c t  
be tween  t h e  Government  and t h e  n u c l e a r  u t i l i t y  i n d u s t r y  and 
t h a t  t h e  G o v e r n m e n t ' s  a s s i s t a n c e  t o  t h e  p r o j e c t  w i l l  be sub-  
s t a n t i a l l y  less t h a n  t h a t  r e q u i r e d  €or  C R B R  ( D r e s e n t l y  e s t i -  
mated a t  about Si.5 b i l l i o n ) .  T h e  c o s t  e s t i m a t e ,  s c h e d u l e ,  
and degree o f  i n d u s t r y  D a r t i c i p a t i o n  h a s  n o t  vet  been 
d e t e r m i n e d .  However, AEC's p r e l i m i n a r y  e s t i m a t e  o f  N C B R ' s  
c o s t  was $2.0 b i l l i o n .  ERDA expects t h a t  t h e  n u c l e a r  u t i l i t y  
i n d u s t r y  w i l l  commit f u n d s  t o  the' p r o j e c t  b e g i n n i n q  i n  1 9 7 7  
a n d  t h a t  t h e  p r o j e c t  w i l l  be comple t ed  i n  1 9 8 6 .  

A l t h o u g h  t h e y  a r e  n o t  c e r t a i n ,  E R D A  o f f i c i a l s  t o l d  u s  
t h a t  more t h a n  o n e  NCBR may be needed and t h a t  t h e  Govera- 
ment  w i g h t  need t o  p r o v i d e  f u n d s  t o  supp lemen t  i n d u s t r y  
i n v e s t m e n t  fo r  any  a d d i t i o n a l  N C B R s .  E R D A  o f f i c i a l s  t o l d  u s  
t h a t  in t h e  past under  t h e  Power D e m o n s t r a t r i o n  P l a n t  Pro-  

%!he E l e c t r i c  Power R e s e a r c h  I n s t i t u t e ,  formed i n  1972,  is 
supported by a l l  s egmen t s  of t h e  e l e c t r i c  u t i l i t y  i n d u s t r y  
t o  f u n d  e l e c t r i c  r e s e a r c h  and deve lopmen t  p r o j e c t s .  I ts  
goal is to d e v e l o p  a b r o a d ,  c o o r d i n a t e d ,  advanced  t echno-  
l o g i c a l  program for improved e l e c t r i c  !Dower D r o d u c t i o n ,  
t r a n s m i s s i o n ,  d i s t r i b u t i o n ,  and u t i l i z a t i o n  in  an e n v i r o n -  
m e n t a l l y  a c c e p t a b l e  manner. 

I 
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gram, 4EC's approach  was t o  p r o v i d e  f u n d s  f o r  fo l low-on  
p l a n t s  u n t i l  t h e i r  power c o s t s 1  become C o m p e t i t i v e  w i t n  t h e n  
a v a i l a b l e  power s o u r c e s .  I f  E R D A  c h o o s e s  t h i s  same apDroach ,  
Governinent f u n d s  would be added t o  p r i v a t e  i n d u s t r y  i n v e s t -  
m e n t  f o r  i \ lCBRs u n t i l  s u c h  time a s  t h e  c o s t s  Der i n s t a l l e d  
k i l o w a t t  of b r e e d e r  e l e c t r i c a l  g e n e r a t i n g  c a p a c i t y  a r e  abo!it 
t h e  same a s  f o r  l i q h t - w a t e r  r e a c t o r s  ( o r  o t h e r  Dower s o u r c e s )  
of t h e  same g e n e r a t i n q  c a p a c i t y .  E R D A  e s t i m a t e s  t h e  c a p i t a l  
c o s t s  f o r  t h e  i n i t i a l  NCBR--not i n c l u d i n q  r e s e a r c h  and d e v e l -  
opment c o s t s - - c o u l d  he a s  h i q h  a s  $ 1 , 0 0 0  per  i n s t a l l e d  k i l o -  
w a t t  of c a p a c i t y .  The same c o s t s  f o r  a l i g h t - w a t e r  r e a c t o r  
a r e  now a b o u t  $ 6 0 0  per  i n s t a l l e d  k i l o w a t t .  

E R D A  o f f i c i a l s  s a i d  t h a t  t h e y  have no sound b a s i s  f o r  
p r e d i c t i n g  t h e  e x t e n t  of c o s t  s h a r i n g  on t h e  i r , i t i a l  N C B R .  
T h e  e s t i m a t e  of what t h e  LMFBR Drogram w i l l  c o s t  t h r o u o h  2 0 2 0  
s p e c i f i e s  t h a t  E R D A ' s  c o n t r i b u t i o n  f o r  NCBR w i l l  be $ 3 0 0  
m i l l i o n .  As p o i n t e d  o u t  on page 11, t h e r e  is a l a r g e  amount 
of u n c e r t a i n t y  r e l a t e d  t o  t h e  $300  m i l l i o n  i n  p l a n n e d  a s -  
s i s t a n c e .  

I n  a J u l y  1574 r e p o r t  t o  t h e  O f f i c e  of Manaqement and 
Budge t ,  AEC l i s t e d  9 6  f a c i l i t i e s  i n  t h e  LMFBR Progcam. AEC 
o f f i c i a l s  t o l d  u s ,  however ,  t h a t  t h i s  l i s t  i n c l u d e d  b o t h  
major and non-ma j o r  f a c i l i t i e s .  

We i d e n t i f i e d  2 2  of these  f a c i l i t i e s ,  w h i c h  AEC b u i l t  
o r  ERDA is p r e s e n t l y  b u i l d i n q ,  a s  be ing  major  c o n s t r u c t i o n  
p r o j e c t s .  E R D A  p l a n s  t o  b u i l d  e i g h t  more f a c i l i t i e s  f o r  
t h e  program. T h e s e  p r e s e n t  and p l anned  f a c i l i t i e s  a r e  
g e n e r a l l y  m u l t i p u r p o s e  f a c i l i t i e s  w h i c h  have  a r e l a t i v e l y  
long u s e f u i  l i f e  and l a r g e  a c q u i s i t i o n  c o s t  and a r e  n o t  
l i m i t e d  t o  a nar row t e c h n i c a l  o b j e c t i v e  or  t a s k .  T h e  approx-  
ima te  t o t a l  c o n s t r u c t i o n  cost of these p r e s e n t  and Dlanned 
f a c i l i t i e s ,  w h i c h  is i n c l u d e d  in  t h e  LMFBR proaram c o s t  
e s t i m a t e ,  is a b o u t  $ 3  b i l l i o n .  S e v e r a l  of t h e s e  f a c i l i t i e s  
- - s u c h  a s  E B R - 1 1 ,  FFTF, and CiiBR--have been p r z v i o i l s l y  men- 
t i o n e d  and d i s c u s s e d  in  t h i s  r e p o r t .  

Numerous o t h e r  f a c i  1 i t  ies,  wh i c h  ERDA d o e s  n o t  c o n s  i d e r  
major f a c i l i t i e s ,  a r e  used i n  t h e  program.  These  i n c l u d e  
e x p e r i m e n t a l  s u p p o r t  a p p a r a t u s  w h i c h  have  a r e l a t i v e l y  s h o r t  
---I_ 

'These c o s t s  i n c l u d e  b o t h  c a p i t a l  power c o s t s  and f u e l  c y c l e  
c o s t s .  LMFSR f u e l  cycle  c o s t s  a r e  e x p e c t e d  t o  be lower t h a n  
l i g h t - w a t e r  r e a c t o r  f u e l  c y c l e  c o s t s .  C o n s e s u e n t l y ,  LMFBR 
c a p i t a l  i n v e s t m e n t  c o s t s  can he h i g h e r  t h a n  t h o s e  f o r  l i g h t -  
w a t e r  r e a c t o r s  and t h e  t o t a l  i n v e s t m o n t  f o r  t h e  two t y p e s  
of p l a n t s  c o u l d  be c o m p e t i t i v e .  
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l i f e  and B s i n q l e  or  l i v i t e d  Durpose.  

LMFBR proqram a r e a .  Ypoendix V n r e s e n t s  a d e t a i l e d  l i s t i n a ,  
i n c l u d i n g  c o s t  and s c h e d u l e  i n f o r m a t i o n ,  o f  t h o s e  p r e s e n t  
and p l anned  major  Li4.IFBR s u p p o r t  f a c i  1 i t  i e s  . 
I n f o r m a t i o n  on c e r t a i n  key Li4FBR f a c i l i t i e s  

Appendix I V  p r e s e n t s  a l i s t i n g  of major  f a c i l i t i e s  bv 

--_-__ - -____ ________ _ _  __ _ _  - - - - -_ 
FFTF ---- 
The FFTF is t o  be a key t e s t i n a  f a c i l i t y  f o r  f u z l s  and 

m a t e r i a l s  used i n  t h e  LMFBR proqram. I n  J u l y  1967 ,  t h e  

t i m e ,  was e s t i m a t e d  t o  c o s t  $87 .5  m i l l i o n  and s c h e d u l e d  t o  
b e q i n  ful l -Dower o p e r a t i o n  i n  e a r l v  1974.  S i n c e  c o n a r e s s i o n a l  
a u t h o r i z a t i o n ,  FFTF h a s  e x p e r i e n c e d  s u b s t a n t i a l  c o s t  q rowth  
and s c h e d u l e  s l i p p a q e .  T h e  FFTF c o s t  and s c h e d u l e  e s t i m a t e  
h a s  been r e v i s e d  s e v e r a l  t imes .  The l a t e s t  o f f i c i a l  c o s t  
e s t i m a t e  ( F e b r u a  y 1 3 7 4 )  f o r  t h e  c o n s t r u c t i o n  of t h e  f a c i l i t y  
is $ 4 2 0  m i l l i o n . i  
p l e t i o n  s c h e d u l e  had s l i p p e d  t o  Xovember 1977;  no e s t i m a t e  
was made €o r  t h e  fu l l -power  o p e r a t i o n  m i l e s t o n e .  

C o n g r e s s  a u t h o r i z e d  c o n s t r u c t i o n  of FFTF wh ich ,  a t  t h a t  I 
I 

I 

A t  t h i s  same time, t h e  c o n s t r u c t i o n  com- 

The FFTF c o n t r a c t o r  is p r e s e n t l y  f o r e c a s t i n a  t h a t  an 
a d d i t i o n a l  $92 m i l l i o n  w i l l  be needed t o  c o n s t r u c t  t h e  
FFTF.  A l s o ,  a s  of December 31 ,  1974 ,  t h e  l a t e s t  f i e l d  
e s t i m a t e  f o r  c o n s t r u c t i o n  c o m p l e t i o n  was A u q u s t  1978,  w i t h  
fu l l -power  o p e r a t i o n  e x p e c t e d  t o  o c c u r  18 months l a t e r .  

Sodium Pump T e s t  F a c i l i t y  

The c o n s t r u c t i o n  of t h 2  Sodium Pump T e s t  F a c i l i t y  was 

---__ __ ---- 

a u t h o r i z e d  i n  t h e  f i s c a l  yea r  1966 b u d g e t .  The e s t i m a t e  
p r e s e n t e d  t o  t k , e  Conqres s  f o r  a p p r o v a l  a t  t h a t  time was 
$ 6 . 8  m i l l i o n .  I n  1 9 6 9  a r e v i e w  of the project bv a p r i v a t e  
a r c h i t e c t - e n g i n e e r i n g  f i r m  r e v e d l e d  t h a t  t h e  p r o j e c t ,  w i t h  
i t s  t h e n  c u r r e n t  scope ,  would c o s t  $ 2 5 . 2  m i l l i o n .  

To r e d u c e  e s t i m a t e d  c o s t s ,  t h e  p r o j e c t  s c o p e  was t h e n  
r e v i s e d  t o  t e s t  sodium pumps hav ing  a c a p a c i t y  of a b o u t  one-  
t h i r d  t h e  s i z e  of t h o s e  i n i t i a l l y  a n t i c i p a t e d  t o  be t e s t e d .  
T h e  reduced  p r o j e c t  s c o p e  r e s u l t e d  i n  a c o s t  e s t i m a t e  o f  
$12 .5  m i l l i o n  f o r  t h e  f a c i l i t y .  T h i s  e s t i m a t e  was p r e s e n t e d  
---- 
l T h i s  e s t i m a t e  is o n l y  f o r  c o n s t r u c t i n g  t h 6  f a c i l i t y .  An 

a d d i t i o n a l  $505 m i l l i o n  was e s t i m a t e d  f o r  equ ipmen t ,  re- 
s e a r c h  and d e v e l o p m e n t ,  and o t h e r  s u n p o r t i n g  c o s t s  f o r  a 
t o L a l  program cos t  of $ 9 2 5  m i l l i o n .  A c o m p l e t e  e s t i m a t e  
f o r  t h e s e  c o s t s  was n o t  p r e p a r e d  when t h e  i n i t i a l  $87 .5  
m i l l i o n  e s t i m a t e  was p r e p a r e d .  
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t o  and  a p p r o v e d  by t h e  C o n g r e s s  a s  pa r t .  of 4 E C ' s  f i s c a l  v e a r  
1972 b u d q e t  r e u u e s t .  I n  f i s c a l  y e a r  1 9 7 4 ,  t h i s  $ 1 2 . 5  i l l i l l i o n  
e s t i m a t e  w a s  a g a i n  r e v i s e d  up t o  $ 1 7 . 5  m i l l i o n .  A t  t h a t  
time, AEC s t a t e d  t h a t  t h e  reduced  c a p a b i l i t v  of  t h e  f a c i l i t y  
w o u l d  n o t  a d v e r s z l v  a f f e c t  t h e  c a p a b i l i t y  t o  t e s t  D u m p s  
up to t h e  s i z e s  needed f o r  use in  t h e  f o r s e e a b l e  f u t u r e  o f  
t h e  LMFBR program.  

ERDA is p r e s e n t l y  p l a n n i n g  m o d i f i c a t i o n s  t o  t h i s  f a c i l i t y  
so it c a n  t e s t  CRSR-size pumps, which a r e  l a r q e r  t h a z  t h e  
pumps €or which  t h e  f a c i l i t y  is p r e s e n t l y  d e s i g n e d .  These  
m o d i f i c a t i o n s  a r e  p r e s e n t l y  e s t i m a t e d  t o  c o s t  $ 4 0  m i l l i o n ,  
i n c r e a s i n g  t h e  p r o j e c t ' s  t o t a l  c o s t  t o  $ 5 7 . 5  m i l l i o n .  

CRBR ---- 
CRBR w i l l  be t h e  N a t i o n ' s  f i r s t  d e m o n s t r a t i o n  LMFBR 

power p l a n t .  I n  September  1 9 7 2 ,  d u r i n g  h e a r i n g s  b e f o r e  t h e  
J o i n t  Commi t t ee  on Atomic E n e r g y ,  A E C  n r e s e n t e d  i t s  e s t i m a t e  
of wha t  t h e  d e m o n s t r a t i o n  p l a n t  would cost--$C$3 m i l l  i o n ;  
t h e  F e d e r a l  Government  would n r o v i d e  $422 m i l l i o n  t h r o u s h  AEC 
and i n d u s t r y  would p r o v i d e  t h e  b a l a n c e .  The p r o j e c t  was 
s c h e d u l e d  to a c h i e v e  i n i t i a l  o p e r a t i o n  i n  1979.  S i n c e  t h e n ,  
t h e  CRRR has i n c u r r e d  c o n s i d e r a b l e  s c h e d u l e  d e l a y  and c o s t  
g r o w t h .  In September 1974,  f o l l o w i n g  an e x t e n s i v e  e f f o r t  
to  e s t a b l i s h  a r e f e r e n c e  d e s i a n ,  s c h e d u l e ,  and c o s t  e s t i m a t e ,  
AEC e s t i m a t e d  t h a t  t h e  p r o j e c t  w i l l  c o s t  $1.736 b i l l i o n  and 
would n o t  be i n i t i a l l y  o p e r a b l e  u n t i l  J u l y  1982--an i n c r e a s e  
o €  more t h a n  $1 b i l l i o n  and a d e l a v  of a b o u t  3 y e a r s .  
Because  of an open-ended commitment, t h t  F e d e r a l  Governmen t ' s  
c o n t r i b u t i o n  t o  CRBR would i n c r e a s e  t o  $1 .468  b i l l i o n .  As 
a r e s u l t ,  ERDA is p l a n n i n g  to  seek a d d i t i o n a l  a u t h o r i z a t i o n  
f o r  CRBR in e a r l y  1975.  

As of March 1 9 7 5 ,  E R D A ' s  D i v i s i o n  o f  R e a c t o r  R e s e a r c h  
and  Development w a s  f o r e c a s t i n g  t h a t  CRBR w o u l d  c o s t  $ 1 . 7 7 1  
b i l l i o n  znd t h a t  t h e  f u n d i n g  p r o b l e m s  t h a t  t h e  p r o j e c t  is 
i n c u r r i n g  w i l l  cause t h e  p r o j e c t  s c h e d u l e  to  s l i p  3 months .  
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E R D A ' s  D i v i s i o n  of Reac to r  R e s e a r c h  and Development  
( R R D )  is d i r e c t l y  r e s o o n a i b l e  f o r  d e v e l o p i n g  and d i r e c t i n s  
t h e  LMFBR proqram and f o r  m o v i d i n q  t h e  needed t e c h n o l o q v  
t o  d e v e l o p  and s u p p o r t  a c o m m e r c i a l l y  v i a b l e  b r e e d e r  r e a c t o r  
economy. I t  is a l s o  r e s p o n s i b l e  f o r  s u o p o r t i n q  o t h e r  n u c l e a r  
e l e c t r i c  power c o n c e p t s  on an as -needed  b a s i s  t o  meet f u t u r e  
U . S .  power demands.  R R D  r e c e n t l y  made a number of c h a n q e s  
d e s i g n e d  t o  improve management of t h e  LMFBR program.  

E R D A  h a s  o p e r a t i o n s  o f f i c e s  t h r o u q h o u t  t h e  c o u n t r y  t o ,  
among o t h e r  t h i n g s ,  a d m i n i s t e r  the c o n t r a c t o r s '  LMFBR d c t i v i -  
t i e s  w i t h i n  d e f i n e d  q e o g r a p h i c  a r e a s .  

RRD is  o r g a n i z e d  o n  a p r o j e c t  b a s i s ,  t h a t  i s ,  i n d i v i d u a l  
a s s i s t a n t  d i r e c t o r s  a r e  d i r e c t l y  r e s p o n s i b l e  f o r  s p e c i f i c  
a r e a s  and p r o j e c t s  w i t h i n  t h e  d i v i s i o n .  Under t h i s  o r q a n i -  
z a t i o n ,  t h e r e  a r e  1 4  a s s i s t a n t  d i r e c t o r s ,  8 of whom a r e  
i n v o l v e d  d i r e c t l y  i n  t h e  LMFBR proqram. These  a r e  a s s i s t a n t  
d i r e c t o r s  f o r  p rograms ,  r e a c t o r  s a f e t y ,  e n g i n e e r  inq and 
t e c h n o l o g y ,  component  e n g i n e e r i n g  and deve lo?men t ,  LMFBR sui.)- 
p o r t  f a c i l i t i e s ,  comrrerc ia l  p l a n t  proqram management,  C R B P  
program management,  and FFTF program management.  The o t h e r  
R R D  a s s i s t a n t  d i r e c t o r s  a r e  a s s i q n e d  e i t h e r  t o  o t h e r  r e a c t o r  
deve lopmen t  programs [ e . q . ,  g a s - c o o l e d  r e a c t o r  p r o j e c t s )  o r  
t o  program s u p p o r t  o r g a n i z a t i o n s  ( e . q . ,  a d m i n i s t r a t i o n ) .  
(See a p p e n d i x  V I  f o r  an o r g a n i z a t i o n  c h a r t  of R R D . )  

R R D  h a s  been o r g a n i z e d  on a p r o j e c t  b a s i s  s i n c e  November 
1 9 7 3 .  Be€ore  t h e n  the d i v i 5 i o n  w a s  operatins on a tunctional 
b a s i s  w i t h  v a r i o u s  a s s i s t a n t  d i r e c t c r s  r e s p o n s i b l e  f o r  spe -  
c i f  i c  t e c h n o l o g i c a l  a r e a s  i n  t h e  o v e r a l l  p rogram.  k c c o r d i n q  
t o  AEC, R R D  was r e o r g a n i z e d  t o  g i v e  t h e  i n d i v i d u a l  a s s i s t a n t  
d i r e c t o r s  more d i r e c t  a u t h o r  i + y  and t o  e s t a b l i s h  d e f i n e d  
a r e a s  of r e s p o n s i b i l i t y  f o r  major  s e q m e n t s  q f  t h e  LMFBF 
deve lopmen t  program.  

RRD is i n  t h e  P r o c e s s  of implement ing  a new s y s t e m  f o r  
a d m i n i s t e r i n g ,  managing ,  and c o n t r o l l i n g  i t s  v a r i o u s  p r o g r a m s ,  
of which t h e  LMFBR is t h e  most  i m p o r t a n t .  T h i s  manasement 
c o n t r o l  sys t em is i n t e n d e d  t o  p r o v i d e  i n c r e a s e d  v i s i b i l i t y  
and b e t t e r  cont ro l  o v e r  RRD p rograms .  
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S e v e r a l  f a c t o r s  o r o v i d e d  t h e  imoc tus  €o r  RRD's n e w  nan-  
agement s y s t e m ,  
LMFBR Proqr;m p l a n n i n g ,  d e l a v s  i n  r e a c h i n a  srrreement  on n ro -  
grammat ic  an3 t e c h n i c a l  m a c t e r s  a f  f e c t i n q  t h e  proqram,  and 
a need t o  p rompt ly  keep t o o  manaclenent b e t t e r  informed of 
problem a r e a s .  T h e s e  F a c t o r s  focused  t o p  l e v e l  a t t e n t i o n  
OP t h e  manaqerrent o ~ r f o r ~ ~ a n c e  of RR3. 

i n c l u d i n q  two GAO r e p o r  t s l  t o  A E C  r e q a r d i n s  

I 

I 

I n  J u n e  1974 ,  R P D  c o n t r a c t e d  w i t h  a p r i v a t e  c o n s u i t i n q  i f i l m  t o  i d e n t i f y  ways of irnorovinrj i t s  marlacrement c o n t r o l  
s y s t e m .  Weaknesses  of t h e  Former management sys t em w e r e  
i d e n t i f i e d  and were used t o  d e v e l o o  o b j e c t i v e s  f o r  imr;rovincl 
t h e  manacement s v s t e m .  The o b j e c t i v e 5  were t o :  

- - I n s u r e  p r o o e r  v i s i b i l i t y  of R R D  Drograms by p r o p e r  
long  and s h o r t  t e r p  o l a n n i n q .  

- -P rov ide  t h e  a ~ i t y  t o  f o r e c a s t  t e c h n i c a l  and f i n a n -  
c i a 1  p rob lems .  A c c o r d i ~ g  t o  R R D ,  t h i s  s h o u l d  r e d u c e  
t h e  t i n e  t h e  R R D  s t a f f  used i n  " f i r e - f i s h t i n a "  ( i . e . ,  
r e s p o n d i n g  t o  problems t h a t  a r i s e  d u r i n g  t h e  c o u r s e  
o f  dav - to -day  o p e r a t i o n s ) .  

I 

-- 

- - E s t a b l i s h  c l o s e r  c o n t r c l  Over t h e  c o s t s  and s c h e d u l e s  
of R R D  p rograms  and s u p p o r t i n q  p r o j e c L s  cor?.bined w i t h  
a method of t r a c k i n g  t h e  a c t i v i t i e s  invol*.ied i n  t h e  
v a r i o u s  a s p e c t s  of them. 

- - P r o v i d e  a d e q u a t e  and t ims , ly  r e p o r t s  t o  upper  manaqe- 
m e n t .  

- -Permi t  more a t t e n t i o n  by t h e  a s s i s t a n t  d i r e c t o r s  t o  
t h e  management of t h e i r  p rograms.  

--Reduce and s i r n p l i f y  a l l  R R D  r e m r t i n g  r e a u i r e m e n t s .  

T h e  i n t e g r a t i o n  and i m p l e m e n t a t i o n  of t h e  management 
c o n t r o l  s y s t e m  i n t o  t h e  manaqement s t r u c t u r e  of F R D  will be 
a g r a d u a l  p r o c e s s  and is e x p e c t e d  t o  t a k e  1 o r  2 y e a r s .  

T h e  management c o n t r o l  system c o n s i s t s  of f i v e  manaqe- 
m e n t  f u n c t i o n s :  p l a n n i n g ,  d i r e c t i n g ,  i n f o r m a t i o n  management,  
r e p o r t i n g ,  and r e v i e w i n g .  T h e  p l a n n i n g  and d i r e c t i n g  func -  
t i o n s  have p r o g r e s s e d  w e l l  toward f u l l  i n t e g r a t i o n  and imple-  
m e n t a t i o n  i n t o  t h e  s y s t e m .  T h e  i n f o r m a t i o n  management,  r e -  

'Le t t e r  r e p o r t  t o  AEC G e n e r a l  Manager ,  J u l y  1 7 ,  1973 ,  r e g a r d -  
ing t h e  management of t h e  LMFBR program and l e t t e r  r e p o r t  t o  
t h e  Chai rman,  AEC,  J u n e  29,  1973,  r e g a r d i n g  t h e  need fo r  
b e t t e r  r e p o r t i n g  r e q u i r e m e n t s  on A E C ' s  c o n s t r u c t i o n  p r o j e c t s  
(B-164105) .  

28 



p o r t i n q ,  and r e v i e w i n g  f u n c t i o n s  a r e  i n  t h e  e a r l y  s t a s e s  of 
d e v e l o p m e n t .  Each of t h e s e  f u n c t i o n s  a r e  b r  i o f l y  d i s c u s s e d  
be low.  

T h i s  f u n c t i o n  c o n s i s t s  of two pr irnarv e l emen t s - - a  D i v i -  
s i o n  P l a n  and s u p p o r t i n g  A s s i s t a n t  D i r e c t o r  P l a n s .  T h e  D ;  i -  
s i o n  P l a n  w i l l  be R R D ' s  b a s i c  management n l a n n i h q  docurneflit 
which  i d e n t i f i e s  w i t h  i t s  o b j e c t i v e s  and t h e  s t r a t e a v  f ? r  
a c h i e v i n g  t h e  o b j e c t i v e s .  I t  shou ld  p r o v i d e  an o v e r a l l  
p i c t u r e  of RRD p rograms  and a c t i v i t i e s ,  t h e  r e s p o n s i b i l i t i e s  
f o r  c a r r y i n g  o u t  t h e s e  p rograms ,  and t h e  o b j e c t i v e s  t h e y  sup-  
p o r t - - p l u s  t h e  r e s o u r c e s  and c o n s t r a i n t s  w i t h i n  w h , i c h  t h e v  
a r e  t o  be a c c o m p l i s h e d .  The Dlan is to  be t h e  f o c a l  n o i n t  
for c o n t r o l  and v i s i b i l i t y  of a l l  R R D  a c t i v i t i e s  a t  t h e  
d i r e c t o r ' s  l e v e l  and  is t o  s e r v e  as  t h e  b a s e  f o i  q a u s i n q  t h e  
p r o q r e s s  o f  p r o g r a m s  and t h e  pe r fo rmance  of v a r i o u s  l e v e l s  
of management w i t h i n  R R D .  B e f o r e  i n i t i a t i n g  t h i s  D i v i s i o n  
P l a n  c o n c e p t ,  t o p  R R D  management had no f o r m a l  o v e r a l l  n l a n -  
n i n g  documen t ,  e x c e p r  b u d g e t  o r i e n t e d  t v p e  i n f o r m a t i o n .  

The A s s i s t a n t  D i r e c t o r  P l a n s  w i l l  be t h e  b a s i c  manacle- 
ment  p l a n n i n g  document  f o r  each  a s s i s t a n t  d i r e c t o r .  Each 
a s s i s t a n t  d i r e c t o r  is t o  p r e p a r e  t h e s e  p l a n s  based  on t h e  
D i v i s i o n  P l a n .  The p l a n s  m u s t  d e f i n e  t h e  o b j e c t i v e s ,  a c t i v i -  
t ies,  s c h e d u l e s ,  b u d q e t s ,  snd  m i l e s t o n e s  f o r  t h e  a s s i s t a n t  
d i r e c t o r ' s  a r e a  of r e s p o n s i b i l i t y .  These  p l a n s ,  which m u s t  
be a p p r o v e d  by t h e  D i r e c t o r ,  R R D ,  s h o u l d  p r o v i d e  l o n q - r a n q e  
v i s i b i l i t y  and  n e a r - t e r m  c o n t r o l  of t h e  a c t i v i t i e s  of  e a c h  
a s s i s t a n t  d i r e c t o r .  They a r e  t o  be t h e  b a s i s  f o r  t r a c k i n q  
and  c o m p a r i n g  t e c h n i c a l  and f i n a n c i a l  s t a t u s .  T h e  p l a n s  w i l l  
be issued a n n u a l l y  and  upda ted  a t  l e a s t  o n c e  d u r i n q  t h e  y e a r  
t o  r e f l e c t  p r o q r e s s  and c h a i ' q e s  i n  d i r e c t i o n .  

D i r e c t  i n g  
__A- 

T h i s  f u n c t i o n  is d e s i g n e d  t o  i n s u r e  t h a t  t h e  e s t a b l i s h e d  
p l a n s  a r e  implemented  p r o p e r l y  and c o n s i s t e n t l y  t h r o u g h o u t  and 
among RRD.  The d i r e c t o r ' s  p r i m a r y  means of  d i r e c t i n g  t h e  
e f f o r t s  w i t h i n  RRD w i l l  be t h r o u g h  p o l i c y  and p r o c e d u r a l  
g u i d e s  and  v a r i o u s  program d i r e c t i o n  l e t t e r s  i n  which t h e  
d i r e c t o r  a s s i g n s  o b j e c t i v e s  to t h e  a s s i s t a n t  d i r e c t o r s .  The 
a s s i s t a n t  d i r e c t o r s  a r e  r e s p o n s i b l e  f o r  i s s u i n q  t o  t h e  f i e l d  
v a r i o u s  p rogram d i r e c t i o n  l e t t e r s  t o  a u t h o r i z e  ongo inq  work.  
The  d i v i s i o n  d i r e c t o r  f o r m e r l y  d i d  t h i s .  

I n f o r m a t i o n  management ----- I--p 

The improved i n f o r m a t i o n  manaqement s y s t e m ,  when f u l l y  
d e v e l o p e d ,  s h o u l d  d i r e c t  r e l e v a n t  p r o g r a m m a t i c  and p r o j e c t  
d a t a  to t h e  a p p r o p r i a t e  o f f i c e s  and i n d i v i d u a l s  w i t h i n  R R D .  
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Because  of t h e  l a r q e  amounts  of such i n f o r m a t  ion  g e n e r a t e d  
w i t h i n  t h e  proqram,  s u c h  a s y s t e m ,  i f  p r o p e r l y  imp lemen ted ,  
s h o u l d  p r o v i d e  nrogram manaqement w i t h  a much needed mecha- 
n i s m  f o r  f i l t e r i n g  o u t  u n n e c e s s 3 r y  i n f o r m a t i o n  w h i c h  can  
h i n d e r  management e f f i c i e n c v .  

Repor t  ing  - - - - ~  

The r e p o r t i n g  elements of t h e  manasement c o n t r o l  sys t em 
w i l l  s p e c i f y  what r e p o r t s  a r e  t o  be p r o d u c e d ,  t h e  i n f o r m a t i o n  
t h a t  is t o  be i n c l u d e d  i n  t h e  r e p o r t s ,  and t h e  f o r m a t  t h a t  is 
t o  be f o l l o w e d .  T h i s  r e p o r t i n g  s y s t e m  is i n t e n d e d  t o  p r o v i d e  
c o n s i s t e n t ,  mean ina fu l . ,  and t i m e l y  i n f o r m a t i o n  t o  R R D  manaae- 
m e n t .  

T h e  i n f o r m a t  ion  manasement and r e p o r t i n g  f u n c t i o n s  a r e  
t o  work t o g e t h e r  t o  i n s u r e  t h a t  t h e  R R D  nanagement  is pro-  
v i d e d  w i t h  t h e  i n f o r m a t i o n  t h e y  need t o  meet t h e i r  r e s p e c t i v e  
p rogrammat i c  r e s p o n s i b i l i t i e s  and a r e  no t  i n u n d a t e d  w i t h  u n -  
n e c e s s a r y  d a t a  and r e p o r t s .  

Reviewing 

T h i s  f u n c t i e n ' s  o b j e c t i v e  is t o  Drov ide  R R D  management 
w i t h  f eedback  and a s s e s s m e n t  on c r i t i c a l  p roqrams and p r o j e c t s  
w i t h i n  R R D  ! e . q . ,  FFTF,  C R B R ) .  T h e r e  a r e  two key r e v i e w  e l e -  
m e n t s ,  t h e  proqram c o n t r o l  c e n t e r  and f o r m a l  p r o j e c t  r e v i e w s ,  
w h i c h  f o r m e r l y  d i d  n o t  e x i s t .  A prooram c o n t r o l  c e n t e r  is 
t o  be e s t a b l i s h e d  and w i l l  d i s p l a y  v9da tcd  p r o j e c t  i n f o r m a t i o n  
and t h e  s t a t u s  of a l l  R E 3  p rog rams .  Formal m - o j e c t  r ev iew 
m e e t i n g s ,  a t  w h i c h  t h e  a s s i s t a n t  d i r e c t o r s  w i l l .  p r e s e n t  t h e  
s t a t u s  of t h e i r  p rog rams  t o  R R D ' s  d i r e c t o r ,  a r e  t o  be h e l d  on 
r e g u l a r l y  s c h e d u l e d  b a s i s .  T h e  main p o i n t  of these meetinqs 
is t o  be a t h o r o u g h  d i s c u s s i o n  of p r o b l e m s ,  i n c l u d i n a  c a u s e ,  
impac t ,  r e m e d i a l  a c t i o n ,  and p r o g n o s i s .  S e v e r a l  p r o j e c t  
r e v i e w s  have a l r e a d y  been h e l d .  

CONCLUSION 

As p r e v i o u s l y  o o i n t e d  o u t ,  E R D A  h a s  i d e n t i f i e d  weaknesses  
i n  i t s  o v e r a l l  management c o n t r o l  s y s t e m  and i t  h a s  d e v e l o p e d  
a number of o b j e c t i v e s  aimed a t  imorovinq  t h e  s y s t e m .  T h e s e  
g o a l s ,  i f  a c h i e v e d ,  s h o u l d  r e a s o n a b l y  i n s u r e  t h a t  ERDA man- 
agement  w i l l  have g r e a t e r  v i s i b i l i t v  ove r  LMFBR programs ~ : , 3  
t h a t  i t  w i l l  be i n  a p o s i t i o n  t o  b e t t e r  f o c u s  manaqerne-.:. 
a t t e n t i o n  and d i r e c t i o n  ove r  t h o s e  a r e a s  of tt,e proqram 
hav ing  p rob lems .  

E R D A  e x p e c t s  t h a t  i n t e q r a t i p g  and i i n ~ l e m e n t i n q  t h e  n e w  
management c o n t r o l  s y s t e m  w i l l  t e  aGgradua1  p r o c e s s  and t h a t  
i t  w i l l  t a k e  1 t o  2 y e a r s  t o  f u l l y  implement .  Because  of 
t h e  i m p o r t a n c e  of t h i s  program i n  h e l p i n g  t o  s o l v e  t h e  Na- 
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t i o n ' s  e n e r g y  a r o b l e m s  and because  of t h e  l a r a e  amounts  of 
f u n d s  e s t i m a t e d  t o  be s p e n t  on LMFBR d e v e l o p m e n t ,  E R D A  s h o u l d  
s t r i v e  t o  implement t h e  s y s t e m  a s  soon a s  r m s s i b l e .  

The a c t i o n s  E H D A  has  t aken  and i s  t a t i n q  t o  improvp i t s  
rnanagement c o n t r o l  s y s t e m  a r e  s t e p s  in t h e  r i g h t  d i r e c t i o n .  

C R B R  PROJECT ORGANIZATION -------------- 
I n  J u l y  1 9 7 3 ,  a f t e r  e x t e n s i v e  n e g o t i a t i o n s  and h e a r  i n a s  

b e f o r e  t h e  J o i n t  Committee on Atomic Enerqv ,  A E C  e n t e r e d  i n t o  
a c o n t r a c r .  w i t h  t h e  T e n n e s s e e  V a l l e y  A u t h o r i t v ,  Commonwealth 
Ed i s o n  Company, and P r o j e c t  Nanaqement Cor?ora  t ion t o  % u  i Id 
t h e  N a t i o n ' s  f i r s t  LMFBR d - r i o n s t r a t i o n  D l a n t .  T h i s  n r o j e c t  
is b e i n g  funded j o i n t l y  by t h e  Government and D r i v a t e  i n d u s -  
t r y ,  p a r t i c u l a r l y  t h e  Breede r  R e a c t o r  C o r p o r a t i o n ,  which 
a d m i n i s t e r s  t h e  f i n a n c i a l  c o n t r i b u t i o n s  from the > l a t i o n ' s  
e l e c t r i c  u t i l i t i e s .  P r o j e c t  iqanaament C o r p o r a t i o n ,  a n o t - f o r -  
p r o f i t  c o r p o r a t i o n  formed i n  1 9 7 2 ,  is provid inc l  o v e r a l l  rlidn- 
aqement  and c o o r d i n a t i o n  f o r  d e s i c ; n i n g ,  c o n s t r u c t i n q ,  and 
o p e r a t i n s  t h e  p l a n t  and h a s  t h e  l e a d  r o l e  f o r  t h e  non--nu , - lear  
p o r t i o n s  of t h e  p l a n t .  T h e  T e n n e s s e e  ' J a l l e y  A u t h o r i t v  i s  
p r o v i d i n g  t h e  C l i n c h  R ive r  s i t e  f o r  t h e  p r o j e c t .  I t  w i l l  
own and o p e r a t e  t h e  p l a n t  and w i l l  p u r c h a s e  t h e  Dower pro-  
duced  by t h e  p l a n t .  Commonwealth Edison is s i l p p l y i n a  e n q i -  
n e e r  i ng  rr,anaqement a n d  p u r c h a s i n g  s e r v i c e s  f o r  t h e  o r o j e c t .  
ERDA h a s  t h e  l e a d  r o l e  r e s p o n s i b i l i t y  € o r  t h e  n u c l e a r   ort ti on 
of  t h e  p r o j e c t  a n d ,  t h r o u g h  t h e  C R B R  D r o j e c t  o f f i c e ,  n r o v i d c s  
P r o j e c t  Management C o r p o r a t i o n  c o n t r a c t  a d m i n i s t r a t i o n  s e r -  
v ices  on an as -needed  b a s i s .  

A th ree-man s t e e r i n g  commit tee  w i t h  r e p r e s e n t a t i v e s  f r c m  
E R D A ,  t h e  T e n n e s s e e  V a l l e y  A u t h c r i t y ,  and Commonwealth Edison  
d i r e c t s  t h e  P r o j e c t  Management C o r p o r a t i o n  r o l e  ( t h r o u a h  
t h e  P r o j e c t  Management C o r p o r a t i o n ' s  G e n e r a l  Manaqc r ) .  T h i s  
g r o u p  implements  o r o j e c t  p o l i c y  and a g r e e m e n t s .  CRDA's re- 
p r e s e n t a t i v e  is t h e  d i r e c t o r  of R R D .  ( S e e  apoend ix  V I 1  f o r  
a c h a r t  showinq t h e  c u r r e n t  C R R R  management o r a a n i z a t i o n . )  

T h i s  o r q a n i z a t i o n a l  a r r a n q e m e n t  f o r  t h e  p r o j e c t  is  
complex and D o t e n t i a l l y  cumbersome. T h i s  h a s  been r e c o a n i z e d  
by t h e  p r o j e c t  p a r t i c i p a n t s  i n v o l v e d .  O f f i c i a l s  i n v o l v e d  in  
t h e  p r o j e c t  t o l d  u s  t h a t  no major  o rob lems  have  t h u s  f a r  
r e s u l t ? d  from t h i s  complex a t i o n  s t r u c t u r e .  Howevcr,  
E R D A  of ; ' ic ;dis  t o l d  u s  t h a  a son  no p rob lems  have r e -  
s u l t e d  is b e c a u s e  of t h e  c o m p a t i b i l i t y  of t h e  p e r s o n a l i t i e s  
o f  t h e  two i n d i v i d u a l s  most d i r e c t l y  i n v o l v e d  i n  manaqina 
t h e  p r o j e c t - - t h e  P r o j e c t  Management C o r p o r a t i o n ' s  clr - e r a 1  
manager and t h e  R R D  a s s i s t a n t  d i r e c t o r  f o r  t h e  d e m o r l s t r a t i o n  
p l a n t  p r o j e c t .  T h e s e  two i n d i v i d u a l s ,  a c c o r d i n q  t o  E R D A  
o f f i c i a l s ,  have been a b l e  t o  work o u t  any d i f f e r e n c e s  and 
h a v e  been a b l e  t o  make t h e  p r o j e c t  go.  
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As e v i d e n c e  o f  t h i s  r e l a t i o n s h ' i p  and i t s  e f f e c t s  on t h e  
management of t h e  p r o j e c t ,  w e  no ted  a l e t t e r  had been sub-  
m i t t e d  by t h e  P r o j e c t  Manaqcment C o r p o r a t i o n ' s  q e n e r a l  
manaqer t o  R R D  management r e f l e c t i n g  p rob lems  P r o j e c t  Man- 
agement  C o r p o r a t i o n  manaqement had a d m i n i s t e r  i n s  i t s  r e -  
s p o n s i b i l i t i e s .  R R D  manaqement o f f i c i a l s  d i s r e q a r d e d  t h e  
l e t t e r  and s a i d  t h a t  t h e  i n d i v i d u a l s  i n v o l v e d  w i l l  work o u t  
t h e  problem and p r e v e n t  any conf  1 i c t s .  

I n  our  v iew,  t h e  o r g a n i z a t i o n a l  a r r a n q e m e n t  f o r  t h e  C R B R ,  
w h i c h  depends  h e a v i l y  upon t h e  p e r s o n a l i t i e s  of t h e  i n d i v i -  
d u a l s  i n v o l v e d ,  may h i n d e r  t h e  e f f e c t i v e  manasement of t h e  
d e s i g n  and c o n s t r u c t i o n  of CFBR a n d ,  c o n s e q u e n t l y ,  r e p r e s z n t s  
a p o t e n t i a l  r i s k  t o  t h e  p r o j e c t .  Unless t h e  o r q a n i z a t i o n a l  
r e l a t i o n s h i p s  and manaqement p r o c e s s e s  a r e  s t r e a m l i n e d ,  c o s t  
o v e r r u n s  and s c h e d u l e  d e l a y s  m i q h t  f o l l o w .  An ERDA r e v i e w  
g r o u p  r eached  s i m i l a r  c o n c l u s i o n s .  N o w ,  when t h e  Government 
is e x p e c t e d  t o  commit an a d d i t i o n a l  $ 1  b i l l i o n  t o  t h e  Dro- 
j e c t ,  may be an a p p r o p r i a t e  t h e  t o  seek a change  in  t h e  
p r e s e n t  c o n t r a c t u a l  a r r a n g e m e n t  t o  s t r e n g t h e n  and s t r e a m l i n e  
Government c o n t r o l  over  t h e  p r o j e c t .  

On March 1 0 ,  1975 ,  ERDA s u b m i t t e d  t o  t h e  J o i n t  Commit tee  
on Atomic Energy f a r  'Its a p p r o v a l  proposed  l e a i s l a t i o n  and 
u n d e r l y i n g  documents  t h a t  would p r o v i d e  f o r  a n e w  manaqement 
s t r u c t u r e  f o r  t h e  D r o j e c t .  E s s e n t i a l l y ,  manasement c o n t r o l  
o f  t h e  p r o j e c t  would be t r a n s f e r r e d  from t h e  P r o j e c t  Manage- 
m e n t  C o r p o r a t i o n  t o  E R D A ,  commensurate  w i t h  t h e  Governmen t ' s  
i n v e s t m e n t  i n  t h e  p r o j e c t .  T h i s  new manaqement s t r u c t u r e  
is i n t e n d e d  t o  s t r e n g t h e n  and s t r e a m l i n e  Government c o n t r o l  
o v e r  t h e  p r c j e c t .  

I n  a A p r i l  4 ,  1975 ,  r e p o r t  t o  t h e  J o i n t  Committee on 
Atomic Energy e n t i t l e d  "Comments on Enerqy Resea rch  and D e v e l -  
opmen t A d m  i n  is tra t i o n  ' s Proposed  A r  r a n s e m e n  t for t h e  C1 i n c h  
R i v e r  Breede r  R e a c t o r  D e m o n s t r a t i o n  P l a n t  P r o j e c t "  (RED-75-361), 
w e  p o i n t e d  o u t  t h a t  t h e  v a r i o u s  documents  ERDA s u b m i t t e d  t o  
t h e  J o i n t  Committee d i d  n o t  c l e a r l y  d e l i n e a t e  t h e  manner i n  
w h i c h  t h e  p r o j e c t  would be managed, b u t  r a t h e r  c o n t a i n e d  ambig- 
uous and seeming ly  i n c o n s i s t e n t  l a n q u a q e  r e g a r d i n q  r e s p o n s i b i -  
l i t i e s  and a u t h o r i z a t i o n  f o r  manaaement.  I n  a d d i t i o n ,  we 
s t a t e d  t h a t  such  i n c o n s i s t e n c i e s  s u q g e s t e d  t h a t  E R D A  would 
n o t  be a b l e  t o  exerc ise  t h e  u s u a l  manaqement p r e r o g a t i v e s  
i n  t h e  a r e a s  c f  d e s i g n  and o t h e r  c h a n g e s  and t h a t  i t  m i g h t  
be s u b j e c t  to  r e s t r a i n t s  i n  o t h e r  management a r e a s .  
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CHAPTER 4 --- 
FUNDING FOR ENERGY R E S E A R C H  ----___- A N D  DEVELOPMENT -- ~ _ _ _ _ _ _ _ _ _ _  

Energy  R e s e a r c h  and Development  ( R & D )  f u n d i n q  h a s  grown 
marked ly  s i n c e  1 9 7 1  and is now one  of  t h e  f a s t e s t  g rowinq  
a r e a s  of t h e  F e d e r a l  b u d g e t .  Enerqy R & D  func i inq ,  a s  a p e r -  
c e n t a g e  of t o t a l  F e d e r a l  R & D  f u n d i n g ,  h a s  r i s e n  from 2 . 3  
p e r c e n t  i n  1969 to  a n  e s t i m a t e d  8 .1  p e r c e n t  i n  1976,  a s  
shown i n  t h e  t s b l e  below. 

T o t a l  T o t a l  P e r c e n t a q e  of 
F i s c a l  F e d e r a l  F e d e r a l  e n e r g y  eneFqy to  t o t a l  

R& D --.---- ------- R & D  _--_---- R& D ____-- vear -. ---- --- ( b i l l i o n s ) - - - - - - -  

1969 
1970 
1 5 7 1  
1972 
1973  
1974 
1975  
1976 

$16.3  $ .38 
15 .9  .38 
16 .2  .42 
17 .2  . 5 4  
17.6  .67 
18 .3  1 .02  

( e s t i m a t e d )  1 9 . 8  1 . 6 7  
( e s t i m a t e d )  2 2 , s  1.84 

2.3 
2.4 
2 . 6 '  
3 . 1  
2.8 
5 . 5  
8 .4  
8 .1  

AEC,  Depa r tmen t  of t h c  I n t e r i o r ,  t h e  N a t i o n a l  S c i e n c e  
F o u n d a t i o n ,  and t h e  E n v i r o n m e n t a l  P r o t e c t i o n  Agency had 
c a r r i e d  on Lie b u l k  of t h e  F e d e r a l  e n e r g y  R & D  e f f o r t .  With 
t h e  e s t a b l i s h m e n t  of ERDA i n  J a n u a r v  1 9 7 5 ,  most of  t h e  e f f o r t  
w i l l  be c e n t e r e d  i n  t h a t  agency .  

The C l f f i c e  of Management hnd Budget  h a s  m a i n t a i n e d  d a t a  
on t o t a l  F e d e r a l  e n e r g y  R & D  f u n d i n q  s i n c e  f i s c a ,  y e a r  1973.  
Before that time, the National Science Foundation was the only 
c e n t r a l  s o u r c e  of i n f o r m a t i o n  or, F e d e r a l  e n e r q y  R&D. 

PROPOSED F I S C A L  Y E A R  1976 
ENERGY R & D  PROGRAM --- __----I_ 

.-- 

The p r o p o s e d  f i s c a l  y e a r  1976 F e d e r a l  b u d g e t  e s t i m a t e  
i n c l u d e s  a b o u t  $ 1 , 8 3 7  m i l l i o n  f o r  e n e r g y  R & D .  These  f u n d s  
a r e  t o  support  a b r o a d l y  based e f f o r t  on t e c h n o l o g i e s  f o r  
e n e r g y  s u p p l y ,  e n v i r o n m e n t a l  c o n t r o l ,  and c o n s e r v a t i o n .  The 
f o l l c w i n g  t a b l e  shows t h e  p roposed  F e d e r a l  e n e r g y  R & D  program 
f o r  f i s c a l  y e a r  1976 a l o n g  w i t h  h i s t o r i c a l  and p l a n n e d  fund-  
i n g  f o r  e n e r g y  R L D  p rogram areas .  
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F i s c a l  v e a r s  E s t i m a t e d  t o  t a l  

C o n s e r v a t i o n  $ 32.2 $ 38.7 $ 86.2  $ 87.8 $ 353.9 
O i l ,  gas, 

and s h a l e  18 .7  13 .5  40.9 44.0 233.5 
Co a1 85.1 96.6 394.3 396.2 2,042.2 
Env ironmen t a l  

c o n t r o l  38 .4  65 .8  103 .3  82 .9  231.8 
Nuclear fis- 

s ion 406.5  644.1 761.8 875 .4  4 ,429 .3  

i o n  :1.8 112 .0  180.0 226.0 1 , 8 8 7 . 2  
Nuclear f u s -  

S o l a r ,  geo- 
t h e r m a l ,  
a n d  o t h e r s  595.7 

--I--- 

1 6 . 5  45.2 102 .0  123 .4  ---- ----- -- 
$672.2 $1 ,015 .9  $1,668.5 $1,836.7 $9,776.6  -- Tota l  

The e n e r g y  F&D program is d e s i a n e d  t o  a c c e l e r a t e  t h e  
d e v e l o p m e n t  of t e c h n o l o g i e s  needed t o  a c h i e v e  and m a i n t a i n  a 
c a p a b i l i t y  t o  more f u l l y  u t i l i z e  d o m e s t i c  e n e r q y  r e s o u r c e s  
w i t h i n  acceptab le  e n v i r o n m e n t a l  and economic cos t s .  

ERDA's e n e r g y  R & D  a c c o u n t s  f o r  a major  p o r t i o n  o f  t h e  
t o t a l  Federal  e n e r g y  R & D  b u d q e t .  The f o l l o w i n g  t a b l e  shows 
t h i s  r e l a t i o n s h i p  s i n c e  f i s c a l  y e a r  1969.  

P e r c e n t a g e  
A EC- E RDA AEC-ERDA e n e r q y  R & D  

F i s c a l  T o t s 1  F e d e r a l  e n e r a y  t o  t o t a l  F e d e r a l  
e n e r q y  R & D  ------------- R &  D ------ ener  g L  F& D --- -------- y e s r  

( m ; l l i o n s  -------- 
1969  
1970 
1 9 7 1  
1972 
1 9 7 3  
1974 
1 9 7 5  
1976 (esti- 
mated) 

$ 376 
3 82 
419 
5 37 
67 2 

1 , 016 
1 , 6 6 9  

1 ,837  

$ 277 
2 84 
33 2 

04 
49 9 
6 48 

31, 01.9 

1 , 365 a 

73.7 
74 .3  
79.2 
75.2 
74 .3  
63.8 
61.6 

74.3 

a f h a s e  f i g u r e s  i n c l u d e  e n e r g y  R & D  p rograms  t r a n s f e r r e d  from 
other  agencies to  ERDA a s  of  J a n u a r y  1 9 ,  1975.  

A s  i n d i c a t e d  above, AEC f u n d i n g  a s  a p e r c e n t a g e  of t h e  
t o t a l  F e d e r a l  e n e r g y  R & D  budge t  had d e c r e e s e d  from 73 .7  per- 
cent i n  1969 t o  63.8 p e r c e n t  i n  1974.  With t h e  e s t a b l i s h -  
m e n t  of ERDA, t h e  p e r c e n t a g e  of t h e  ERDA e n e r g y  R & D  b u d g e t  
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i n c r e a s e d  s u b s t a n t i a l l y  t o  an e s t i m a t e d  74 .3  p e r c e n t  i n  
f i s c a l  y e a r  1976.  

i. 
LMFBR PROGRAM FUNDING ___----__---- 

The l a r g e s t  n u c l e a r  program is E R D A ' s  c i v i l i a n  f i s s i o n  
r 2 a c t o r  program.  Most of t h i s  Droyram is d e v o t e d  t o  d e v e l -  
o p i n g  LMFBH. The LMFBR program is a major  p o r t i o n  of t h e  
N a t i o n ' s  e f f o r t  t o  a c h i e v e  e n e r g y  s e l f - s u f f i c i e n c y  i n  t h e  n e x t  
d e c a d e  and t o  m a i n t a i n  i t  i n t o  t h e  n e x t  c e n t u r v .  Althouclh 
t h e  amount o f  LMFBR e x p e n d i t u r e s  h a s  been i n c r e a s i n q ,  t h e  
p e r c e n t a g e  of t h e s e  e x p e n d i t u r e s  to  t o t a l  F e d e r a l  e n e r q v  R & D  
h a s  been d e c r e a s i n q  s i n c e  f i s c a l  Year 1 9 7 3 ,  a s  shown in t h e  
f o l l o w i n g  c h a r t .  

P c r c e n t a q e  
LMFBR c o s t s  P e r c e n t a q e  

F i s c a l  LMFBR F e d e r a l  F e d e r a l  e n e r q y  t o  AEC-ERDA 
AEC- ERDA T o t a l  to  t o t a l  AEC-ERDA LMFBR c o s t s  

1969 $133 $ 376 35 $ 277 4 8 

1972  234 537 4 4  40 4 5 ti 
1973 2 80 6 72 42 499 56 
19?4 354 1 016 35 64 8 55 
1975 481 1 669 29 al , 019 4 7 

1970 144 38 2 38 28 4 5 1  
1 9 7 1  168 419 40 3 32 51  

1976 ( e s t i -  
mated)  474 1 , 8 3 7  26 al, 365 

aThese  f i g u r e s  i n c l u d e  e n e r g y  R & D  p rograms  t r a n s f e r r e d  from 

R s q u l a t o r y  c o s t s  f o r  
LMFBR program _____-- a c t i v i t i e s  

s i o n )  cos t s  fo r  t h e i r  a c t i v i t i e s  r e l a t i n g  t o  t h e  l i c e n s i n q  
and s u r v e i l l a n c e  of LMFBRs, a s  d i s c u s s e d  on Dage 1 0 ,  a r e  
n o t  i n c l u d e d  i n  t h e  above  f i g u r e s .  These  cos t s  amounted t o  
$1 .1  m i l l i o n  i n  f i s c a l  y e a r  1 9 7 3 ,  $1.1 m i l l i o n  i n  f i s c a l  y e a r  
1974,  and a r e  e x p e c t e d  to  be $ 1 . 5  m i l l i o n  i n  f i s c a l  y e a r  
1975  and $21 .2  m i l l  i o n  d u r i n g  f i s c a l  y e a r s  1976 t h r o u q h  1980.  

o t h e r  a g e n c i e s  t o  E R D A  a s  of J a n u a r y  1 9 ,  1975 .  

L 

The AEC-Regulatory (now t h e  Nuclear  R e q u l a t o r y  Comrnis- 
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LMFBR is  a h i q h  p r i o r i t y  n a t i o n a l  e n e r g v  deve lopmen t  
proqram of f i v e  o t h e r  major  i n d u s t r i a l  n a t i o n s .  The U q i t e d  
Kingdom, F r a n c e ,  J a p a n ,  West Germanv, and t h e  S o v i e t  Union / 
have work underway on b r e e d e r  r e a c t o r s .  The U n i t e d  Kingdom, / 
F r a n c e  , and t h e  S o v i e t  [Inion a l r e a d v  have  d e m o n s t r a t i o n -  
s i z e  b r e e d e r s  in  o o e r a t i o n ;  West Germany and J a o a n  have  
p l a n t s  s c h e d u l s d  f o r  o p e r a t i o n  by 1979 and 1980 , r e s o e c t i v e l y .  
The f o l l o w i n g  t a b l e ,  t a k e n  from AEC-ERDA documents ,  l i s t s  t h e  I 
LMFBR p r o j e c t s  t h r o u g h o u t  t h e  wor ld  which a r e  o D e r a b l e ,  under  
c o n s t r u c t i o n  , or  Dlanned .  I 

I n i t i a l  ---- Power 

Coun t ry  --- -- Name 

BR-10 ( n o t e  a )  
Dounreay F a s t  

R e a c t o r  
E B R - I 1  

BOR- 60 
Rapsod ie 

BN-350 ( n o t e  b )  
Phen i x  
P r o t o t y p e  F a s t  

R e a c t o r  

U S S R  1959 

U n i t e d  Kingdom 
U n i t e d  S t a t e s  
F r a n c e  
USSR 
USSR 
France  

72 1 4  
62 .5  16 
40 
60 12  

1 , 0 0 0  150 
6 00 2 50 

-- 
1959 
1963  
1967 
1970 
1972 
1973  

Uni t ed  K inqdom 60 0 25 0 1974 

J o y 0  ( n o t e  c )  
KNK-2 ( n o t e  d )  
BN-600 
FFTF 
SNR-300 ( n o t e  e )  
Supe r  Phen ix  

( n o t e  f )  
Mon j u 
Cornmercisl  F a s t  

CRBR 
SNR-2 ( n o t e  f )  

R e a c t o r  

J a p a n  
West Germany 
U S S R  
U n i t e d  S t a t e s  
West Germany 
F r a n c e  

100 _.- 
58 20 

1 ,500  60 0 
4 00 
730 30 0 

3 , 0 0 0  1 ,200  

-- 

1975 
1975  
1977 
1977 
1979 
1979 

J a p a n  720 300 1980 

Un i t e d  Kingdom 
U n i t e d  S t a t e s  
West Germany 

3 ,125  1 , 3 2 0  
1 , 0 0 0  4 00 
5,000 2,000 

1981 
1982  
1984 

a I n i t i 3 1 1 y  s t a r t e d  up a t  5 M W t  and power l e v e l  i n c r e a s e d  

b u a l  p u r p o s e :  

t o  10  M W t  i n  1973.  

150 MWe f o r  e l e c t r i c  power and 200 MWe 
e q u i v a l e n t  f o r  d e s a l  i n a t i o n .  
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=To be opera ted  t o  50 M W t  i n i t i a l l y .  

%perable as t h e r m a l  r e a c t o r  ( K N K - 1 )  u n t i l  l a t e  1974 .  

e I n  c o o p e r a k i o n  w i t h  Belgium and t h e  N e t h e r l a n d s .  

f P l a n n e d  e f f o r t  by F r e n c h ,  German, and I t a l i a n  e l e c t i i c  
u t i l i t i e s ,  

STATUS OF THE M A J O R  LMFBR PROGRAMS -------_------- __- 

We o b t a i n e d  i n f o r m a t i o n  on t h e  f o r e i q n  LMFBR p r o g r a m s  
from EWDA-AEC o f f i c i a l s  and documents .  

F r a n c e  

P r a n c e  has  one o f  t h e  more advanced  f o r e i q n  p r o q r a n s  i n  
reac tor  development and h a s  p e r h a p s  t h e  g r e a t e s t  n a t i o n a l  
commitment  to t h e  LMFBR c o n c e p t .  The F rench  f a s t  r e a c t o r  
r e s e a r c h  program began  w i t h  fundamen ta l  r e s e a r c h  on l i u u i d  
m e t a l s  i n  t h e  e a r l y  1950s .  C o n s t r u c t i o n  of t h e  R a p s o d i e  
f a s t  breeder reac tor  began in  1962 w i t h  o p e r a t i o n s  b e g i n n i n q  
i n  1967 .  The s u c c e s s f u l  o p e r a t i o n  of  t h e  R a p s o d i e  r e a c t o r  
l e d  to t h e  F r e n c h  Governmen t ' s  d e c i s i o n  t h e  n e x t  y e a r  t o  
b u i l d  P h e n i x ,  a 250 M W e  LMFBR p r o t o t y p e .  C o n s t r u c t i o n  of 
P h e n i x  was s t a r t e d  i n  l a t e  1968 and c o m p l e t e d  in  l a t e  1973 .  
The reactor began o p e r a t i o n s  i n  1973 and r e a c h e d  f u l l  power 
i n  March 1574.  A s  o f  F e b r u a r y  1975 ,  Phe r , ix  was o p e r a t i r , q  
s m o o t h l y  and had  e n c o u n t e r e d  no major p rob lems .  

The F r e n c h ,  i n  a combined e f f o r t  w i t h  German and I t a l i a n  
e l e c t r i c  u t i l i t i e s ,  a r e  now p l a n n i n q  f e r  S u p e r  P h e n i x ,  a 
1 , 2 0 0  M W e  commercial f a s t  b r e e d e r  power s t a t i o n .  C o n s t r u c t i o n  
is e x p e c t e d  t o  s t a r t  i n  March 1975,  a f t e r  1 y e a r  of success- 
f u l  P h e n i x  o p e r a t i o n .  Supe r  Phen ix  r e p r e s e n t s  a major  e x t r a -  
p o l a t i o n  i n  e x i s t i n g  t e c h n o l o g y .  Phen ix  is n o t  p r o t o t y p i c a l  
of Super P h e n i x  i n  a number of i m p o r t a n t  components ,  s u c h  
as steam g e n e r a t o r s ,  i n t e r m e d i a t e  h e a t  e x c h a n g e r s ,  and f u e l .  

w i t h  a 450 M W e  P h e n i x  which would be based  on t h e  Phen ix  
desiqn and components. The p l a n t  would be  a d i r e c t  e x t r a -  
p o l a t i o n  from P h e n i x  w i t h o u t  any  new t e c h n o l o g y  r i s k .  

F r a n c e  is a l s o  c o n s i d e r i n g  e n t e r i n g  t h e  commerc ia l  market  

U n i t e d  Kingdom 

S t u d i e s  of f a s t  r e a c t o r s  i n  t h e  U n i t e d  Kingdom s t a r t e d  
in the  e a r l y  1950s. An e a r l y  s t e p  t h e  U n i t e d  Kingdom LMFBR 
effort was t h e i r  A t a m i c  Ene rgy  A u t  i t y ' s  1955 d e c i s i o n  t o  
b u i l d  t h e  1 4  M W e  Dounreay  F a s t . R e a c t o r .  The purpose of t h i s  
reactor ,  w h i c h  began  o p e r a t i o n s  i n  1 9 5 9 ,  was t o  d e m o n s t r a t e  
the f e a s i b i l i t y  and s a f e t y  of  LMFBRs. I t  h a s  a l s o  served  a s  
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a f a c i l i t y  t o  t e s t  f u e l s  and m a t e r i a l s .  

As a r e s u l t  of t h e  s u c c e s s f u l  o p e r a t i o n  of t h e  Dounreay 
F a s t  R e a c t o r ,  c o n s t r u c t i o n  of t h e  250 M'rJe P r o t o t y p e  F a s t  
Reac to r  was s t a r t e d  i n  1966.  T h i s  r e a c t o r  began o p e r a t i o n s  
i n  1974 and is c u r r e n t l y  o p e r a t i n g  a t  low power.  F u l l  Dower 
o p e r a t i o n  is e x p e c t e d  i n  e a r l y  1975.  Problems e n c o u n t e r e d  
i n  c o n s t r u c t i n g  and commiss ioninq  t h i s  r e a c t o r  r e s u l t e d  i n  
a b o u t  a 2-year  d e l a y  i n  s c h e d u l e .  

The d e t a i l e d  d e s i a n  of commercial  f a s t  b r e e d e r s  is 
c u r r e n t l y  underway i n  t h e  Un i t ed  Kinqdom. T h e  c o n s t r u c t i o n  
o f  a commerc ia l  f a s t  r e a c t o r  of 1 , 3 0 0  ElWe is s c h e d u l e d  t o  
beg in  i n  1977 w i t h  o p e r a t i o n s  e x p e c t e d  t o  beq in  in  1981 o r  
1982.  

J a p a n  

The J a p a n e s e  Atomic Energy Commission t o s e t h e r  w i t h  
e l e c t r i c  u t i l i t i e s  and r e a c t o r  n a n u f a c t u r e r s  began a s t u d y  
o f  n u c l e a r  power r e a c t o r s  i n  t h e  mid-1960s.  On t h e  b a s i s  of 
t h i s  s t u d y ,  t h e  J a p a n e s e  Government e s t a b l i s h e d  t h e  Power 
Reac to r  and N u c l e a r  F u e l  Development C o r p o r a t i o n  i n  1967.  . 
The g o a l  of t h i s  c o r p o r a t i o n  was t o  b r i n g  LMFGRs i n t o  p r a c t i -  
c a l  use a s  power p r o d u c e r s  by t h e  l a t t e r  p a r t  of t h e  1980s .  

To a c h i e v e  t h i s  g o a l ,  t h e  c o r p o r a t i o n  is d e v e l o p i n q  a 
1 0 0  M W t  e x p e r i m e n t a l  f a s t  b r e e d e r  r e a c t o r ,  J o y o ,  and a 300 
MWe p r o t o t y p e  LMFBR, Monju. C o n s t r u c t i o n  of Joy0  was s t a r t e d  
i n  1970 and o p e r a t i o n s  a r e  e x p e c t e d  t o  b e g i n  e a r l y  i n  1975.  
Design work on Monju is p r e s e n t l y  underway w i t h  c o n s t r u c t i o n  
p l anned  t o  s t a r t  i n  1975 o r  1976 and o p e r a t i o n s  e x p e c t e d  t o  
beg in  i n  1979 o r  1980.  T h e  main pu rpose  of t h i s  p r o j e c t  i s  
t o  d e m o n s t r a t e  t h e  p e r f o r m a n c e ,  r e l i a b i l i t y ,  and economy C J f  

LMFBR n u c l e a r  p o w e r p l a n t s  as w e l l  as to gain expsrience for 
l a r g e r  commerc ia l  n l a n t s .  The c o n c e p t u a l  d e s i g n  f o r  a 1 ,500  
M W e  commerc ia l  LMFBR h a s  a l s o  been comple t ed  w i t h  c o n s t r u -  
c t i o n  p r e s e n t l y  p l a n n e d  t o  s t a r t  a round 1980.  

West Germany -- 
West Germany h a s  no i a r g ?  n a t i o n a l  a t o m i c  e n e r q y  agency .  

I n s t e a d ,  t h e i r  F e d e r a l  Government p r o v i d e s  f i n a n c i a l  a s s i s t a n c e  
t o  i n d i v i d u a l  German s t a t e s  f o r  n u c l e a r  e n e r g y  r e s e a r c h  and 
deve lopmen t .  T h e  German f a s t  r e a c t o r  program was s t a r t e c l  i n  
1960 a t  t h e  K a r l s r u h e  N u c l e a r  Resea rch  C e n t e r .  C o n s t r u c t i o n  
of a 20 M W e  sodium c o o l e d  t h e r m a l  r e a c t o r  was s t a r t e d  i n  1966;  
i t  began o p e r a t i o n  i n  1972.  I t  is b e i n g  m o d i f i e d  f o r  o p e r -  
a t i o n  a s  a f a s t  r e a c t o r  (KNK-2) ar.d is s c h e d u l e d  t o  be p l a c e d  
i n  o p e r a t i o n  in  l a t e  1975.  

38 



. . . . . . . . . . . .. 

The commerc ia l  d e s i q n  of a 300 N W e  F r o t o t y p e  LMFBR ( S N R -  
3 0 0 )  was begun i n  1966-67 a s  a j o i n t l y  f i n a n c e d  p r o j e c t  by 
West Germany ( 7 0  p e r c e n t ) ,  Belgium, and t h e  ' J e t h e r l a n d s  
( a b o u t  1 5  p e r c e n t  e a c h ) .  Luxembourg a l s o  p a r t i c i p a t e d .  I t s  
c o n s t r u c t i o n  began i n  e a r l y  1973.  T h e  r e a c t o r  is e x p e c t e d  
t o  s t a r t  o p e r a t i o n  i n  1979.  

I 

1 

I n  1971 a West German u t i l i t y  company and a F rench  
u t i l i t y  company s i g n e d  an ag reemen t  t o  b u i l d  two commerc ia l  
LMFBRs. L a t e r ,  I t a l y  j o i n e d  t h e  ag reemen t  on a o n e - t h i r d  
p a r t i c i p a t i o n  b a s i s .  The f i r s t  p l a n t  ( S u p e r  P h e n i x )  is t o  
be  1 , 2 0 0  MWe; c o n s t r u c t i o n  i n  F r a n c e  is t o  s t a r t  i n  1975.  
The second  p l a n t  ( S N R - 2 )  is e x p e c t e d  t o  be 2 , 0 0 0  MWe; con-  
s t r u c t i o n  i5  p l a n n e d  t o  s t a r t  in  West Germany i n  1979.  

- 1  

Union o f  S o v i e t  S o c i a l i s t  R e p u b l i c s  ---- ____________- -- 
The USSR program is one  of t h e  more advanced  f o r e i g n  I 

p rograms in  r e a c t o r  deve lopmen t .  The USSR f a s t  b r e e d e r  re- 
s e a r c h  and d e v e l o p m e n t  proqram is an e f f o r t  of t h e  S t a t e  Com- 
mit tee  f o r  t h e  U t i l i z a t i o n  of Atomic Energy  and t h e  M i n i s t r y  
f o r  Power and E l e c t r i f i c a t i o n .  The proqram s t a r t e d  i n  1955 
w i t h  t h e  o p e r a t i o n  of  a s m a l l  p l u t o n i u m - f u e l e d  r e a c t o r .  4 
100 KW$ m e r c u r y - c o o l e d ,  p3 u ton ium-fue led  r e a c t o r  was b u i l t  
i n  1956.  T h i s  f a c i l i t y  was reworked i n c o  a sodium-cGoled ,  
p l u t o n i u m - f u e l e d  r e a c t o r  of 5 M W t  power which w e n t  i n t o  oDer- 
a t i o n  i n  1959.  The r e a c t o r  was m o d i f i e d  f o r  o p e r a t i o n  a t  10  
M W t  i n  1973 ( B R - 1 0 ) .  

Dur ing  t h e  l a t t e r  p a r t  of 1963,  d e s i q n  work was i n i t i a t e d  
on a 60 M W t  e x p e r i m e n t a l  LKFBR. C o n s t r u c t i o n  of t h i s  r e a c t o r ,  
BOh-60, began i n  1965 and o p e r a t i o n s  began i n  1970.  

The two m a j o r  S o v i e t  p r o j e c t s  a r e  t h e  BN-350 and t h e  
BN-600. Const ruc t ion  of the  BN-350 f a s t  breeder r e a c t o r  be- 
gan in e a r l y  i 9 6 4 .  T h i s  d u a l  p u r p o s e  (power and w a t e r  de-  
s a l t i n g )  1 ,000  M W t  LMFBR p r o v i d e s  t h e  e g u i v a l e n :  o f  350 MWe 
i n  s t e a m .  The r e a c t o r  began o p e r a t i o n s  a t  t h e  end of 1972 
and was p l a c e d  i n  commerc ia l  o p 2 r a t i o n  i n  J u l y  1973.  

The USSR is b u i l d i n q  t h e  w o r l d ' s  l a r g e s t  LMFBR--the BN- 
600 .  C o n s t r u c t i o n  of t h i s  600 M W e  r e a c t o r  s t a r t e d  i n  l a t e  
1968 and is e x p e c t e d  t o  b e g i n  o p e r a t i o n s  d u r i n g  1977.  I t  
h a s  been r e p o r t e d  t h a t  t h e  S o v i e t s  a r e  d e s i g n i n g  an LMFBR 
i n  t h e  1 ,000-1 ,500  M W e  power r ange .  

'A k i l o w a t t  t h e r m a l  ; o n e - t h o u s a n d t h  of a megawat t  t h e r m a l .  
See  f o o t n o t e  1 on page  7. 

39 
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T h e  U . S ,  a p p r o a c h  t o  L M F B R ' s  deve lopmen t  h a s  been t o  
a c c u m u l a t e  t h e  r e q u i r e d  t e c h n o l o g i c a l  b a s e  f o r  d e s i q a i n q ,  
c o n s t r u c t i n g ,  and o p e r a t i n q  LMFBRs i n  t h e  Dr i v a t e  s e c t o r .  
The U.S. p rog ram h a s  emphas ized  an u n d e r s t a n d i q g  of t h e  f u l l  
r a n g e  of t e c h n o l g q v  p rob lems  and t h e i r  r e s o l u t i o n  b e f o r e  
i n i t i a t i n g  ?"ne p o w e r p l a n t  hardware  phase .  The U . S .  p roq ram,  
f o r  example ,  i n c l u d e s  FFTF a s  a n e c e s s a r y  and v i t a l  t o o l  t o  
o b t a i n  s u b s t a n t i a l  l ong- ranqe  improvements  i r i  f u e l .  

The fo.eipln proqr-ams d i f f e r  from t h e  U.S. rsrograri i n  
r e s p e c t  t o  p r o g r a m  a p p r o a c h  and e , . ,pLas is .  For example ,  t h e  
USSR f a s t  r e a c t o r  nrogram c o n s i s t s  o f  c o n s t r u c t i n g  l a r g e -  
s c a l e  u n i t s  of d i f f e r e n t  d e s i q n s  so t h a t  any d e f i c i e n c i e s  
i n  p l a n t  d e s i g n ,  f a b r i c a t i o n  p r a c t i c e s ,  and t e c h n o l o q v  can  
be c o r r e c t e d ,  The French  program h a s  emphas ized  c o n s t r u c t  i n s  
and o p e r a t i n q  f a s t  r e a c t o r  p r o t o t y p e s  of i n c r e a s i n g  s i z e .  
The J a p a n e s e  apDroach  is s i m i l a r  t o  t h e  U . S .  app roach  i n  t h a t  
s u b s t a n t i a l  e f f o r t s  a r e  d i r e c t e d  a t  d e v e l o p i n g  t h e  n e c e s s a r y  
t e c h n o l o g y .  Moreover ,  t h e  h igh  p o p u l a t i o n  d e n s i t y  cf J a p a n  
and t h e  f r e a a c n c y  of e a r t h q u a k e s ,  a s  w e l l  a s  o t h e r  f a c t o r s  
and c i r c u m s t a n c e s ,  have  r e s u l t e d  i n  l i c e n s i n q  c r i t e r i a  and 
p u b l i c  a w a r e n e s s  of n u c l e a r  p l a n t s  s i m i l a r  t o  t h a t  i n  t h e  
U n i t e d  S t a t e s .  Ano the r  d i s t i n c t i o n  is t h a t  t h e  f o r e i q n  p r o -  
grams do n o t  i i i c l u d e  an FFTF-type f a c i l i t y  b e c a u s e  t h e s e  
c o u n t r i e s  have n o t  b e l i e v e d  t h i s  t y p e  of f a c i l i t y  t o  be nec-  
e s s a r y  f o r  t h e i r  p rograms .  E R D A  t o l d  u s  t h a t  these  f o r e i q n  
c o u n t r i e s  c o u l d ,  i f  t h e y  d e s i r e d ,  pe r fo rm c e r t a i n  e x p e r i -  
m e n t s  on the FFTF and t h a t  one c o u n t r y ,  West Germany, h a s  
a p p r o a c h e d  EWDA on t h e  p o s s i b i l i t y  of d o i n g  t h i s .  

A l t h o u q h  t h e r e  a r e  some d i f f e r e q c e s  i n  a p p r o a c h  and 
e m p h a s i s ,  a l l  of t h e  programs e i t h e r  c o n t a i n  o r  p l a n  many 
of t h e  same eXements  t h a t  a r e  i n  the l o n g - r a n g e  U . S .  p rogram.  
T h e  f o r e i g n  programs e i t h e r  have in  o p e r a t i o n  or under  con-  
s t r u c t i o n  or [have p l a n n e d  i n t e r m e d i a t e  s i z e  LMFBR p l a n t s .  
A 1 1  t h e s e  p r o g r a m s  a r e  aimed u l t i m a t e l y  a t  c o m m e r c i a l - s i z e  
p l a n t s  i n  the t h o u s a n d  megawatt  o r  g r e a t e r  r a n g e .  

AEC ASSESSMENT OF THE FRENCH 
LMFBR PPOGRAM 
- ---- - 
__--I_ 

A c c o r d i n q  t o  AEC,  t h e  French  LMFBR program r e p r e s e n t s  
a s t r o n g  e f f o r t  w i t h  c e n t r a l i z e d  l e a d e r s h i p .  L e s s  s t r  i i i g e n t  
s a f e t y  r e q u i r e m e n t s  and r e g u l a t o r y  p r o c e d u r e s ,  c o n c e n t r a t e d  
e f f o r t s  on one aCvanced n u c l e a r  s y s t e m ,  and a s t r o n g  e n s i -  
n e e r i n g  team w i t h  r e q u i s i t e  a u t h o r i t y  and c a p a b i l i t y  t o  e x -  
p e d i t e  t h e  LMFBR e f f o r t s  have u n d o u b t e d l y  been  c o n t r i b u t i n g  
f a c t o r s  i n  t h e  r a p i d  advance  of  t h e  F rench  LMFBR program. 



I n  O c t o b e r  1 9 7 4 ,  AEC qave  t h e  O f f i c e  of Yanaqement and 
Budget  an a s s e s s m e n t  of t h e  commerc ia l  p o t e n t i a l  f o r  t h e  
French  LMFBR program,  t h e  a t t r a c t i v e  f e a t u r e s  and s D e c i f  i c  
p rob lems  a s s o c i a t e d  w i t h  t h e  F rench  LMFBR, and t h e  imnact  i f  
t h e  Un i t ed  S t a t e s  were t o  depend p r i m a r i l v  on French  t e c h n o l -  
ogy f o r  commerc ia l  LMFBRs.  

Accord ing  t o  AEC, t h e  s a f e t y  and l i c e n s i n a  r e a u i r e n e n t s  
f o r  LMFBRs i n  F r a n c e  a r e  less  comprehens ive  t h a n  t h e  U . S .  
r e q u i r e m e n t s .  T h e  r i g o r o u s  r e q u i r e m e n t s  of t h e  Un i t ed  S*.ates 
would t end  t o  r e d u c e  t h e  commercial  p o t e n t i a l  of t h e  French  
LMFBRs h e r e .  The F rench  LMFBRs would e n c o u n t e r  d i f f i c u l t i e s  
g e t t i n g  l i c e n s e d  i n  t h e  Un i t ed  S t a t e s  i n  s e v e r a l  a r e a s ,  
i n c l u d i n g  

- -meet ing  seismic and t o r n a d o  d e s i g n  c r  i t e r  ia' and 

- -us ing  and e n f o r c i n g  a f o r m a l  q u a l i t y  a s s u r a n c e  p ro -  
gram u s i n g  U.S. d e r i v e d  c o d e s  and s t a n d a r d s .  

AEC s a i c  t h a t  these  d i f f i c u l t i e s  a r e  n o t  i n s u r m o u n t a b l e  b u t  
t h a t  a l a r g e  amount of time ana some r e d e s i q n  would be needed 
t o  meet U.S. r e g u l a t o r y  demands. However, t h e  l i c e n s e a b i l i t y  
of r e a c t o r s  of French  d e s i g n  h a s  n o t  been e x p l o r e d  i n  t h e  
U n i t e d  S t a t e s .  

AEC t o l d  t h e  O f f i c e  oE Managemenir and Budget  t h a t  o f f i -  
c i a l  c a p i t a l  i n v e s t m e n t  and o p e r a t i n g  c o s t s  f o r  t h e  F rench  
LMFBRs a r e  n o t  a v a i l a b l e .  C o n s e q u e n t l y ,  AEC was u n a b l e  t o  
make an a c c u r a t e  p r o j e c t i o n  of t h e i r  ecor?omic a t t r a c t i v e n e s s  
i n  t h e  U.S. m a r k e t .  

Accord ing  t o  A E C ,  some of t h e  a t t r a c t i v e  f e a t u r e s  of 
t h e  F r e n c h  LMFBRs a r e :  

- - o p e r a t i n g  e x p e r i e n c e  from 250 M W e  P h e n i x ,  

- - e x p e r i e n c e  w i t h  two s t eam g e n e r a t o r  d e s i g n s  fGr 
Supe r  P h e n i x ,  

- - p a r t i a l  ( n o t  n e c e s s a r i l y  c o m p l e t e )  component  and 
sub-component  t e s t i n g ,  and 

- - a p p z r e n t  low c o s t s .  

Some of t h e  p r o b l e m s  a s s o c i a t e d  w i t h  u s i n g  F r e n c h  t e c h n o l o g y  
are:  

--Unknown q u a l i t y  a s s u r a n c e  program,  b u t  r e p o r t e d  t o  
be minimal  f o r  t h e  Phen ix .  

--Unknown a v a i l a b i l i t y  and cos t  of f u e l .  
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i L i c e n s i n q  of f o r e i q n  r e a c t o r s  ofi U . S .  s o i l  would 
r e q u i r e  s u b s t a n t i a i  a n a l y s i s  and p e r h a p s  t e s t s .  

- - I n s u r i n g  t h e  a v a i l a b i l i t y  of s p a r e  p a r t s  and t e c h n o -  
logy  f o r  r e p a i r  and m a i n t e n a n c e .  

- - S o n - a v a i l a b i l i t y  of programmat ic  d e t a i l s ,  D a r t i c u l a r l y  
f u e l  c y c l e  and component m a n u f a c t u r e .  T h e  U n i t e d  
S t a t e s  c o u i d  be locked  i n t o  buyinq  c e r t a i n  French  
items and s e r v i c e s  f o r  y e a r s  t o  come. 

AEC t o l e  t h e  O f f i c e  of Manaqement and Budaet  t h a t ,  i f  
t h e  Un i t ed  S k a t e s  depended p r i m a r i l y  on French  t e c h n o l o q y  
f o r  commerc ia i  L M F B R s ,  t h e  U.S. b a l a n c e  of payments  woilld be 
a d v e r s e l y  a f f e c t e d  and t h a t  t h e  Un i t ed  S t a t e s  migh t  n o t  
a c h i e v e  i t s  e n e r g y  s e l f - s u f f i c i e n c y  q o a l .  A l s o ,  d e p e n d i n a  
upon French  t e c h n o l o y y  would n e q a t e  a c h i e v i n g  t h e  o b j e c t i v e s  
o f  e s t a b l i s h i n g  a s e l f - s u f f i c i e n t  and qrowing  n u c l e a r  Dower 
i n d u s t r y  and t h e  m a i n t e n a n c e  o f  U.S. t e c h n c l o s i c a l  l e a d e r s h i p  
i n  t h e  wor ld  by means of a v i q o r o u s  d o m e s t i c  n u c l e a r  Dower 
program. 

E R D A  R E V I E W  GROUP ASSESSMENT OF 
POTENTIAL USE OF F O R E I G N  PROGRAMS 
---_----____-----____ 
---_-- ---- - 

I n  t h e i r  J a n u a r y  1975  r e p o r t  on t h e  LNFBR program,  an 
E R D A  r e v i e w  g r o u p  s a i d  t h a t  f c r e i s n  LMFBR programs can con-  
t r i b u t e  i m p o r t a n t  d a t a  and i l l fo rma t ion  t o  t h e  U.S. Droqram. 
T h e  g r o u p  a l s o  s a i d  t h a t  t h e  U.S. proqram c o u l d  make use of  
f o r e i g n  programs under  seve ra l .  s p e c i f i c  a r r a n g e m e n t s  b u t  
t h a t  none of these a r r a n g e m e n t s  cou ld  be e x p e c t e d  t o  s a v e  
any  l a r g e  i d e n t i f i a b l e  amount of U.S. e f f o r t .  These  a r r a n g e -  
m e n t s  a r e :  

- - O b t a i n i n g ,  under  c o o p e r a t i v e  a r r a n g e m e n t s ,  t e c h n i c a l  
i n f o r m a t i o n  which would o t h e r w i s e  be d e v e l o p e d  i n -  
d e p e n d e n t l y .  T h i s  would i n c l u d e  t h e  p u r c h a s e  of 
f o r e i g n  d a t a .  

- -Purchas ing  components  d e v e l o p e d  i n  t h e  f o r e i g n  p ro -  
grams.  

- - T e s t i n g  U.S.-developed components  and f u e l  i n  f o r e i g n  
t e s t i n g  f a c i l i t i e s . .  

T h e  g r o u p  recommended t h a t  

" *  * * an  a c t i v e  proqram t o  o b t a i n  and make use of  
f o r e i g n  d a t d  and ex ,?er ience  s h o u l d  be p u r s u e d  and ,  i f  
s u i t a b l e  LMFBR components  a r e  d e v e l o p e d  in  f o r e i g n  
programs t h e i r  p rocuremen t  s h o u l d  be c o n s i d e r e d . "  

,il 

I 
I 
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The r e v i e w  qrouo a i s @  c o n s i d e r e d  o t t l e r  coursf3s of a c t i o n ,  
s u c h  a s  ( 1 )  r o l y i n q  on o b t a i n i n ?  i n f o r m a t i o n  frorr: a f o r e i q n  
p l a n t  i n s t e z d  of h u i l d i n i  an i q t e r m e d i a t e - s i z e  n l a n t  i n  
t h e  U n i t e d  S t a t e s  Pnd ( 2 )  dcDendinQ t o t a l l y  on f o r e i o n  
s o u r c e s  f o r  LYFFR technolocry and o o w e r D l z n t s .  The q r o u c  
c o n c l u d e d  

J *  * * t h a t  i t  would be i m p r a c t i c a l  t o  s u b s t i t u t e  
f o r e i a r !  r e a c t o r  e x p e r i e n c e  and t e c h n o l o q v  f o r  c r  i t i c 3 1  
e l e m e n t s  of  t h e  1J.S.  mocrrarn, such  as t h e  c c n s t r u c t i o n  
of t h e  CRBR:' 

They a l s o  s a i d  t h a t  i t  is n o s s i b l e  in  t h e  f u t u i e  t o  i inoort  
f u l l y  d e v e l o p e d  LhlFI3Rs from f o r e i q n  i n a n u f a c t u r e r s ,  d e s i a n e d  
f o r  U.S. c o r r d i t i o n s  and t o  U.S. s t a n d a r d s .  However,  t h e y  
c o n c l u d e d  

' I *  * ' t h a t  such  dependence  on i m o o r t a t i o n  of  an a s  
y e t  u n d e v e l o p e d  t e c h n o l o q v  i n v o l v e s  t c o  much r i s k  
b e c a u s e  o f  t h e  u n c e r t a i n t y  of t h e  success Pnd  timincr 
of t h e  f o r e i q n  p r o a r a n s .  For so i m p o r t a n t  a s y s t e m ,  
a s t r o n g  U . S .  m o q r a m  of deve lopmen t  and a w e l i  
d e v e l o p e d  i n d i n e n o u s  competence  f o r  LMFBR c o n s t r u c t  i o n  
a r e  e s s e n t i a l  ." 

MATTER FOR CONSIDERATION 
BY THE CONGRESS 
------ -- ---- ------ 
--------------- 

I f  t h e  C o n g r e s s  w a n t s  t o  know whe the r  s r e a t e r  r e l i a n c e  
c a n  be p l a c e d  on t h e  use of  f o r e i a n  LMFBR t e c h n o l o a v ,  i t  
s h o u l d  e x p l o r e  w i t h  ERDA i n  q r e a t e r  deDth t h e  a d v a n t a a e s  
and d i s a d v a n t a g e s  of a s i n a  f o r e i q n  LMFBR t e c h n o l o a y .  
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CHAPTER 6 
I__-_ 

SCOPE O F  REVIEW 

We made our  r e v i e w  a t  ERDA h e a d a u a r t e r s  i n  Germantown, 
Maryland.  We h e l d  d i s c u s s i o n s  w i t h  ERDA s t a f f  r e s p o n s i b l e  
f o r  managing t h e  LMFBH p r o g r a n  and rev iewed o rogrammat i c  and 
f i s c a l  and b u d g e t a r y  documents  r e l a t i n g  t o  t h e  program and 
ERDA documents  r e g a r d i n g  t h e  s t a t u s  of f o r e i q n  LMFBR p ro -  
grams.  

We v i s i t e d  Argonne N a t i o n a l  L a b o r a t o r y ,  C h i c a q o ,  
I l l i n o i s ,  t o  o b t a i n  d a t a  on LMFBR s u p p o r t  f a c i l . i t i e s  under  
t h e i r  c o g n i z a n c e .  ERDA o b t a i n e d  s i m i l a r  i n f o r m a t i o n  f o r  u s  
from o t h e r  n a t i o n a l  l a b o r a t o r i e s  and c o n t r a c t o r s .  

To d e v e l o p  i n f o r m a t i o n  o n  t o t a l  F e d e r a l  e n e r g y  r e s e a r c h  
and d e v e l o p m e n t ,  we h e l d  d i s c u s s i o n s  w i t h  pnd o b t a i n e d  docu-  
m e n t s  from O f f i c e  of Manaqement and Budget  and N a t i o n a l  
S c i e n c e  F o u n d a t i o n  o f f i c i a l s .  
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77111 
.- . 

r o t a 1  
1 9 8 1 - 2 0 2 0  . - - - 

265 

2 0 1  
1 1 1  

8 4  

S I  

__-  
I?! 

I 4 5  
18 

108 - _ _  
3 7 1  -. 

1 0 9 5  _ _ _ _  .- . 

810  
3 5 1  
9 7 1  
9 5 9  

1 2 5 4  

8 3 8  
l o o  

144 

1 1 2  

1 0 c  

IC 

5 4 

5 0  

100 
4 0  

202 

1 0 4 1  

-. . 

1 0 1 )  
no 

2 1 0  

4 8 6  ._._ 

!!?b 

c 
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w APPENDIX I1 APPENDIX I1 

LMFBR PROGRAM YA2OR ________----- -- 
PAitTICIPANTS BY PROGRAM AREA 
______-_-I -- 

REACTOR PHYSICS - -_--- 
Acrojet iJuclear Corporation 
Argonne National Laboratory 
Brookhaven National Laboratory 
General Electric Company 
Hanford Engineering DeVelODment Laboratory 
Los Alamos Scientific Laboratory 
Holifield National Laboratory 
Westingkocse Electric Corporation 

FUELS AND MATERIALS 
----I-- ------ 

P-rqonne National Laboratory 
Atomics International 
Battelle Nemorial Institute 
Combust ion Eng ineer ing 
General Electric Company 
Hanford Engineering Development Laboratory 
Los Alainos Scientific Laboratory 
Naval Research Laboratories 
Holifield N3tional Laboratory 
Westinghouse Electric Corporation 

FUEL RECYCLE ------- 
Aero j ec t Nuclear Corpora t ion 
E. I, d u  Pont de Nemours & Co. 
Hanford Engineering Development Laboratory 
Los Alarnos Scientific Laboratory 
Oak R i d g e  Gaseous D i f f u s i o n  P l a n t  
Holifield National Laboratorv 
Sandia Corporation 

SAFETY --- 

Aero jec t Nuclear Corporation 
Argonne National Laboratory 
Atomics International 
General Electric Company 
Hanford Engineering Development Laboratory 
Los Alamos Scientific Laboratory 
Holifield National Laboratory 
Southwest Research Institute 
Westinghouse Electric CorDoration 
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APPENDIX I1 

Aerojet General Corporation 
AErojet Nuclear Corporation 
Argonne National Laboratory 
Atomics International 
General Electric Company 
Hanford Enginser ing Development Laboratory 
Holifield National Laboratory 
Westinghouse Electric Corporation 

PLANT EXPERIENCE 
--_I-- 

Argonne National Laboratory 
Atomics International 
Bechtel Ccrporation 
Burns and Poe, Inc. 
General Electric Company 
Hanford Engineering DeVelOpRent Laboratory 
Westinghouse Electric Corporation 

4 7  
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APPENDIX rII 

LMFER PROGRAfd FACILITY RELATIONSHIPS 

REACTOR PHVf lCS ?ROCRAM 

n FUELS All0 MATERIALS PROGRAM 

n 

FUEL RECYCLE f R O G R A M  

APPENDIX I11 

I r F r r  I' 

SIFETV PROGRAM 

n 

I 

COMPONENT DEVELOPMEHTPROCRAM 

, I I I 

I COHUERCIAL + I 

RESEARCH EXPERIMENT 
FACILITY (proposed) 

n 
PLANT EXPERIENCE PROGRAM 

4 8  



APPENDIX IV 
Irl 

LMFBR PROGRAM !4AJOR ---- -- ----- -- 
FACIrJITIES BY PROGRAM AREA 

APPENDIX IV 

REACTOR PHYSICS ---------- 
Fast Neutron Generator 
Oak Ridqe Electron Linear Accelerator 
Tower Shi.elding Facility 
Zero Power Plutonium Reactor 
Zero Power Reactor-6 
Zero Power Reactor-9 

FUELS AND MATERIALS ----- 
Experimental Breeder Reactor-I1 
General Electric Test Reactor 
Hot Cells 
Hot Fuel Examination Facility 
LMFBR Fuel Pilot Fabrication Line 
Transient Reactor Test Facility 
Fast Flux Test Facility (note a) 
LMFBR Fuels and Materials Examination F ,cility (note b )  

FUEL RECYCLE 

High Performance Fuel Laboratory (note b )  
LMFBR Fuels Reprocessing Hot Pilot Plant (note b) 

SAFETY --- 

Fuel Failure Mockup 
Hot Fuel Examination Facility 
Power Burst Facility 
Transient Reactor Test Facility 
Sodium Loop Safety Facility (note a) 
Safety Research Experiment Facility (note b) 

COMPONENT DEVELOPMENT ----- -- 
High Temperature Sodium Facility 
Small Component Evaluation Loop 
Small Component Test Loop 
Sodium Components Test Installation (note c) 
Alkali Metal Cleaning Facility (note a) 
Component Handlinq and Cleaning Facility (note a) 
Large Leak Test Rig (note a) 
Sodium Pump Test Facility (note a) 
Plant Component Test Facility (note b )  
Radiation and Repair Engineering Facility (note b )  
Transient Test Facility (note b )  
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. - . - - . . - - . - - . - - - - . . . . . . . . . 

APPENDIX IV 

PLANT EXPERIENCE 

Experimental Breeder Reactor-T. (note d )  
Experimental Breeder Reactor-I1 
Enrico Fermi Atomic Power Plant (note d )  
Southwest Experimental Fast Oxide Reactor (note d )  
Fast Flux Test Facility (note a )  
Clinch River Ereeder Reactor (note b )  
Near Commercial Breeder Reactor (note b )  

aUnder construction 

b Planned 

c Being modified 

Decommissioned 
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APPENDIX V A P P E N D I X  V 

LOCATION ABBREVIATIONS 

AN L Argonne N a t i o n a l  L a b o r a t o r y ,  C h i c a g o ,  I l l i n o i s  

---______I 

HEDL Hanfo rd  E n g i n e e r i n g  Dzvelopment  L a b o r a t o r y ,  
R i c h l a n d ,  washing t o n  

HNL H o l i f i e l d  N a t i o n a l  L a b c r a t o r y ,  Oak R idge ,  
T e n n e s s e e  

I N E L  I d a h o  N a t i G n a l  E n g i n e e r i n q  L a b o r a t o r y ,  Idaho  
Falls, Idaho  

LMEC L i q u i d  Metal E n g i n e e r i n g  C e n t e r ,  S a n t a  S u s a n a ,  
Cal i f o r n  i a  
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Name of INFER 
support f n c G 9  

I .  Zxprrirnen- 
t a l  8rcPder 
Reactor-I1 
(EBR-I 1) 
nnd Hot 
Fuel Ex- 
aminat ion 
kaci ILtyI 
South 
(HPEFIS) 

2. Past Nru- 
fro" Gen- 
eretor 
(FNG) 

3. Hat Fuel 
Examinn- 
t ion Fn- 

North 
(WEFIN) 

4 .  Shlelded 

c1lityl 

Fuel Exam- 
i na t ton 
Fact I i ty 

5. Transirnt 
Reactor 
Test Pac- 

(TRWl) 
ility 

L'I'KREXT LVFRR t'RDCXAM 
SCPt'llKT FACILITIES 

Constr"cri0" S E  

E * t i  
Pacilitv costs 

Est imatrd Relative 
USP in Date cost  

support of facility at time of 
W B R  bcgari autbori - 

Location progr-n operations zation -__ ____ 
ANL 

ANL 

AHL 

AV L 

ANL 

I om. 1964 '$29,100,000 

6. Zero P e r  AVL 100 
Pluton im 
Rcnctor 
(ZPPR) 

1959 

100 1969 1,900,000 

100 1972 10.200.000 

95 

100 

A r t . ~ a l  Anmount c o s t e d  const 
cost to on suhsequent Oate O s t C  

construct chanpes  facility construction date  
facility through 8/74 authorized started of auth ___ __.-___ 

"$32,285,000 $9,749,000 1956 1957 I 

2,0n0.000 313.000 1963 1967 1 

10,200,030 1,169,000 19bb 191n 1 

( f )  1.6L7,OOO 4.e11.000 1958 1958 

1958 1958 1,048,000 240.000 (h) 

1969 3,000.000 3.699.oDo 920.000 1964 1966 1 

53 



A P P E N D I X  V 

Operatilq CUStS Pacilitv Life 

Estlmated Actual Estirneted Expected useful 
n annual operatinf annual future life of the Estimated useful Stntwent of factlity‘s 

r w ;  at timr oprrattng operating facility in life at time cantrtbutinn to the 
of .utliorizatton costs costs I-YFBR program of authortzatlon Program areaf s )  progrsm 

~ __ ~ _____ 

$1,300,000 

ctY 7 1  N 7 5  Through 
51O.451,OOO $13.356.000 FY 1985 
FY 76 FY 76 
4’J.R9? ,000 515.870.000 

FY 73 FY 7 5  Through 
$665,000 $770.1‘00 FY 1990 
FY 76 FY 7 6  
$h~n,ooo ssso,nno 

7 3  eN 7 5  Bevond 
$4,023,000 55,172.0CO 1990 
FI 74 M 76 
$4,309,000 56.350.000 

01) (h) Life of the 
I .UFHX program 

‘FY 73 7 5  L i f e  of the 
54,155,000 S5.582.000 W B K  program 
FY 74 M 76 
$5,438,000 58,976,000 

Fuels and materials, Proof testing of Instrumen- 
plant experience tatton sennors and re- 

l a t e d  equipment in high 
temperature irradiation 
environment. 

Reactor physics Determination of neutron 
cross section and micro- 
scopic nuclear properttea 
of fissile. fertile. 
structural and other LWBR 
materials. 

Fue!s and mstertals, Remote emination (both 
deatructive and noo-de- and safety 
structtve) of irradiated 
fuel experiments and 
structural materials 
experiments. 

Fuels and materials Preparatlon. disassembly, 
non-destrucrtvc and de- 
structive e-irutim, 
mechanical testing of fuel 
and materisls cxperiwnca. 

Fuels and materials, Provides an air-cooled 
thermal heterogeneous sya- and safety 
tern deaiped to evaluate 
reactor fuels and struc- 
tural matertals under con- 
dltlonr slmulmtlng vmzlou~ 
types of nuclear excurstons 
and transient undercooling 
situations, and is avoil- 
able for neutron radio- 
graphy oi experbents1 
capsules and elewnts. 

Reactor physics Obtaining integral re- 
actor pkyaics parwterm 
from fast spertrum c r i t -  
ical asstmblies in bench- 
m r k ,  engineering mock-up 
and special purpose expert- 
mentm. 



N e  nf UIFBR 
supporx facilIty 

7 -  Zero Power 
kactors 6 
m d  9 
(ZPR 6 L 9 )  

8 .  Alkalat 
Re181 
cleaning 
rsc t t tt y 

Ic1st:ve 
use in nate  

LHFRR befian 
support of facility 

Location DroRram werations 

M L  IOOI (b) 

HEDL 100 Under con- 
s t ruc t ion 

CIIRREhT I > f f B K  PROCPaJ 
SUPPORT F n r i ~ i ~ i e s  

Constru~tion schedule 

CO"ltNCtiCr4 

Facilitv costs 
Est imated E s r m a t e d  

A c t u a l  Amount c a r t e d  E O S t  
a t  t i m e  of cost t o  on subrcquenr Date  h t P  c m p  l e  t ion 
authori- c o n s t r c ~ ~ t  changes f a r i l i t v  c o n - - t n x t i n r .  d a t e  a t  time 

facility throup,h 817b authorized ~ s t a r t e d  of a u t h o r i z a t i o  z e t i o n  - -- 
s ~ . O ~ O . O O O  s ?,~BZ.OOO k~ 2.067.0ClI 1958 1958 1961 

810.000 1 ,  ILU.000 

e s t  imste) 
(rurrenr 

9.  &%st Flux HE9L 100 Under con- 8'.500.000 n&?O.OOO.OOO 
Test Far i 1- s r r u c t i o n  
ify (FITF) 

10. 11gh Tcm- 
pcrarure 
sodium 
Fac l 1 Icy 
WISP) 

11. uwan FU=I 
P i l o t  Fab- 
rication 
Line 

12. Shielded 
Harerial 
Fad 1 l f g  
(SW) 

13. Cmponents 
mndllng 
8nd C1-an- 
Ing Facil- 
L t Y  

14. Urge Leak 
Test Rig 
(LLTR) 

B.850,OOO HEDL 100 1973 6.300.000 

LUEC 100 Under con- 3,000,000 3 .ooo.wo 
s t  ruct ion (rurrrnt 

estimate) 

1973 

1967 

1970 

1969 

1961 

1972 

197 3 

(b) 

1970 

1970 

1974 

1473 

1972 

1973 



A P P E N D I X  V 

.mated Actus I 
operating annual 
at time operatins 
mriration c n s t s  

Est lasted Expected useful 

opcrarinp facllitv In I l f c  at tlmc 
future  life of the Eslimted u s e f u l  

costs 1.YFP.R proKram- of authorization Krogram a r e a c e  ___ __ 

$2.500.000 1995 and 
beyond 

about 20 
yea, s 

10 years 

20 years 

19 years 

3 years 

(ml 

3 years 

Keactor physics 

Camponent develop- 
ment 

Fuels and mater- 
i a l .  and plant 
rxpa'rience 

rmponent develap- 
ment 

Fuels and matcr- 
ials 

Fuels and matrr- 
Lais 

romponent develop- 
ment 

Component develop- 
ment 

Statc*cnt of facilitv'r 
contribution t o  the 

pro%r.m-.__ 

Same as ZPPR 

A c l e m s l n g  facility i n  the 
Hlgh Temperature S o d l m  
Faclllty vhirh will be used 
lor devclopmri.t of ma!nten- 
once prccedvrcr for sodlm- 
wetted component*. 

Provides highest perforaunce 
and largest fuel tcstlng 
rspablllty In  the wrld. 
provfdln, a multiplicitv of 
test pcsltions. In dcrlgn. 
construction. and operation 
serves as  vchiclc far de- 
veloplng larger canponent 
rnglneerlng technology. 

Tcstlng reactor core c w -  
poncnts in sodlum and 
development of operat lonal 
and maintenance procedures 
for sodium-vetted components 

Develop. demonstrate. a d  
optlmire process. technigucs 
and equipment for fabricmring 
fuels. 

londest*.nct ive cx.minatlon 
and CesCfng lrredlared rc- 
actor fue l s  and structural 
mar e r is 1 s . 
Provides capabllltv for 
handllng Iarpe sodium-vetted 
camponento. rrmovlng sodlum. 
and Inspecting and rcpa'rlng. 

Provldes data on large 
stater rodlm leaks. .de- 
quacy af relief #vatems 
and capabliitv of avstms 
to withstand conscgeenccs 



-m 
SUPI'OKT FACILIlIES 

Construction c h p d u  
Estimated Estimate 

Facility conta 
Relar i ve  

consti uct A c t u a l  Amount c o s t r d  
,Dste rmpleti cost t o  on auhaequent Date 

facility through 6/76 authorcred started of nit:Lar?r 
construct changes facility constnictlon date at 

use In Date cost 
support of facility at time of 

Nane of W B R  I H B R  began a u t h o r i -  
llllPDDrC facility ucatton program operations ration 

i b )  

(b) 

1969 

!976 

ib)  

196- 

1914 

100% 

100 

loo 

100 

100 

50 

80 

100 

pre-1967 15. Small Corn- 
ponent 
Teat Instal.  
Iatlon 
(SCTI) and 
Expansions 

16. Small Com- 
ponents 
Test Loop 
(SCIL) 

17. Sodium Pump 
Test Facil- 
ity (SPIF) 

18. Traiisient 
Tear 
Farllity 
(TTF) 

LNEC 

LKEC 

IHEC 

LNEC 

HNL 

tm 

fwl. 

1974 (b) 1,620,000 1969 

017,500,000 (b) 
(Current 
estimate) 

(b) 

Under con- $6.800.000 
structl@i. 

1967 

1975 To begin 4,000.000 
f.1 1976 

p297,000 $ 100,515 1971 (b) 1969 

1966 

19. Fuel 
Failure 
ncckup 
( F F W  

70. Oak Hidge 
Electron 
Linear 
Accelrra- 
tor (OWLA) 

21. ruver 
Shlcldiiig 
Fnc 1 1  i t y  
('I'SF) 

1968 6.800.000 L.800.000 200.0M) 

195L  ib) 1953 

1969 

! 57 



O p e r a t i n g  costa Pacillty life 

Estlmsted Actual Eatimmted Expected useful 
inual operating anniial future llfe of the E-tlmated ueeful 
cost at tlme operating operating facility in llfe at t i r e  

I authorization costs costs W B R  proltram of authorization Progr@m are.(#) 

10-year and IO-year and Cmponent develop- 
2- to )-year 2- t o  )-year ment 
test article test article 

10 y u r a  10 yearn Cmpontnt dtvelop- 
ment 

10 years 10 years Cmponent develop- 
men t 

15 years IS years Component develop- 
ment 

At least 
2 years 

At least 
5 years 

(1) 100.000.000 - 
(Total for 
first 5 
years) 

Safety 

Item tor phys t c s  

Reactor phyalc8 

Plant crperlence 

A P P E N D I X  V 

Statement of facllity'n 
contrlbutlon to the 

pr0grm 

Testing 0odtum-he8ted stcan 
genermtors. sodtm-to-nodim 
heat exchanger., aodim-to- 
air heat exchanger., m d  
vartoun to-line components 
and instncacntatlon. 

Testing of cmponents and 
inntrmaentatton in 80dium. 
includtng thermal .hock 
te8tlng. 

Hydr8ulic and thermal treat- 
ment tesrlng of fuel e l r e  
sodim mechanic81 pumps. 

Investigates effect of 
therms1 trmnienta on p+r- 
formance of valve#, tees. 
and other component8 and 
f itt lngn. 

Investiptes t h e m 1  hgdraul- 
ics of fuel subassanblies an 
related to failure and fail- 
ure propagation. 

Maouranent of neutron 
cross secttona and LI(PBR 
mater t a l  a .  

Provtdes l n t r g r a l  reactor 
8hteldlng deatgn data and 
ver 1 f lcat ton of ehlelding 
design parameters. 

Demonstrotton of L W B R  
safety. rellablllty, opera- 
btlity. availnbility. 
maintsinabillty. flexibillty. 
lnspectablltty. envtromental 
acceptabillty. and proapsctm 
for econmy. 





APPENDIX V 

FOOTNOTES __------ 
a I n c l u d e s  f u e l  c y c l e  f a c  

% o t  r e a d i l y  a v a i l a b l e .  

‘Does n o t  i nc l -ude  o p e r a t  

dCompleti.on of c o n s t r u c t  

e .  

APPENDIX V 

l i t y  - HFEF/S. 

o n s  c o s t  f o r  HFEF/S; see f o o t n o t e  

on of HFEF/IJ s l i p p e d  from t h e  
f i r s t  q u a r t e r  of 1971 t o  t h e  l a s t  quarter o f  1 Q 7 1  b e c a u s e  
c o n s t r u c t i o n  f u n d s  were r e l e a s e d  1 y e a r  a f t e r  t h e  
d a t e  e x p e c t e d .  

e ~ ~ ~ ~ / ~  o p e r a t i o n s  c o s t s  a r e  n o t  s p e c i f i c a l l y  i d e n t  i f  i,.ble 
b u t  r a t h e r  a r e  combined w i t h  HFEF/S c o s t s .  The c o s t s  r e -  

r e s e n t e d  h e r e  6 r e  t h e  combined cos t s  f o r  t h e s e  t w o  , a c i -  F i t i e s .  

f3pec i€ i c  amount was n o t  r e a d i l y  a v a i l a b l e  a s  i t  was i n c l u d e d  

gNot  a v a i l a b l e .  

hCost ‘JT. D e e r a t i o n s  f o r  t h i s  f a c i l i t y  a r e  n o t  i d e n t i t i a b l e  
as  t h e y  a r e  i n c l u d e d  in  a m u l t i a c t i v i t y  t y p e  of o p e r a t i o n  

a s  p a r t  of a $ 1 0  m i l l i o n  F u e l  Technology C e n t e r .  

  TREAT Opera  t i n g  
FY 76 

e s t i m a t e  ). --- ----- ( a c t u a l ) - - - -  ---- -- - iY 75  - -- FY 74 -- - FY 7 3  _---- cos t s  --- ---------- 

Cost of  o p e r -  
a t  i o n s  $ 952 ,000  $1 ,734 ,000  $ 2 , 0 5 2 , 0 0 0  $3 ,760 ,000  

C o s t  of e x p e r i -  
m e n t s  u s i n g  
t h e  f a c i l i . t y  3,203,OCO 3 ,699 ,000  3 , 5 0 0 , 0 0 0  5 ,216 ,000  _---- - _ -_---- __I- - --_ ___I-_- - 

T o t a l  $4 ,155 ,000  $51438,000 $51582,000 58 ,976 ,000  

jZPPR, ZPR-6, ZPR-9, and o t h e r  c o s t s  a r c  i n t e r m i n q l e d  w i t h i n  
t h e  F a s t  C r i t i c a l  F a c i l i t i e s  cos t s  a n d ,  t h e r e f o r e ,  a r e  n o t  
i n d i v i d u a l l y  i i e n t i f  i a b l e  by A X .  

k I n c l u d e s  p o r t i o n  of F a s t  N e u t r o n  G e n e r a t o r  cos t .  

lNot a p p l i c a b l e .  

T a n n o t  be d e t e r m i n e d  a t  t h i s  time. 



APPENDIX V APPENDIX V 

FOOTNOTES ( c o n t ' d . )  

" T h e  FFTF c o n t r a c t o r  is p r e s e n t l y  f o r e c a s t i n a  t h a t  an a d d i t -  
i o n a l  $92 m i l l i o n  w i l l  be needed f o r  c o n s t r u c t i o n  of FFTF 
and t h a t  c o n s t r u c t i o n  w i l l  be comnle ted  i n  Auqus t  1978.  

O A E C  is p r e s e n t l y  p l a n n i n g  m o d i f i c a t i o n  t o  t h e  SPTF so i t  
can  a c c e p t  C l i n c h  R i v e r  Breede r  i i e a c t o r  D u m m  f o r  t e s t i r . q .  
These m d i f i c a t i o n s  a r e  p l anned  t o  beq in  i n  f i s c a l  y e a r  
1978 dnd a r e  e s t i m a t e d  t o  c o s t  $40 m i l l i o n .  

------- 

P F i g u r e  r e p r e s e n t s  g r o s s  book v a l u e  of f a c i l i t y  a s  of 

q T h e  C l i n c h  R i v e r  B r e e d e r  Reac to r  is a c o o p e r a t i v e  gove rn -  
m e n t / i n d u s t r y  e f f o r t .  The  t o t a l  p r o j e c t  c o s t  is p r e s e n t l y  
e s t i m a t e d  a t  $1.736 b i l l i o n  v e r s u s  t h e  i n i t i a l  e s t i m a t e  
of $699 m i l l i o n .  These  c o s t s  i n c l u d e  deve loomen t  and 
o p e r a t i n q  c o s t s  and e s c a l a t i o n ,  a s  f o l l o w s :  

J u n e  30 ,  1974.  

I n i t i a l  E s t i m a t e  C u r r e n t  E s t i m a t e  

- _----- ( m i l l i o n s  of d o l l a r s ) - - - - - - -  
( 1 9 7 4 )  --------- -- -- ( 1 9 7 2 )  

_I_-- 

P l a n t  i n v e s t m e n t  $ 4  48 

57  

T o t a l  p r o j e c t  c o s t  $699 

Development c o s t  194 
O p e r a t i n g  c o s t  ( 5  y e a r  I -- 

E s c a l a t i o n  

T o t a l  p r o j e c t  c o s t  
( l e s s  e s c a l a t i o n )  

159 - 

$ 5 4 0  

$1202 
434 
100 

$1736 

498 

-- 

$1 2 3 8  

O f  t h e  t o t a l  p r o j e c t  cost. af.' $1.736 b i l l i o n ,  AEC is e x p e c t e d  
t o  c o n t r i b u t e  $1.468 b i l l i o n  and i n d u s t r y  $268 m i l l i o n .  
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Statement of f a c i l i t y ' s  
c o n t r i b u t i o n  t o  t h e  proiram 

Fabr ica t ion  f a c l l i t y  for L W B R  test  
fue l  essemSlles r e p l a c i n g  e x i s t i n g  
foc i1  I t  irs  vh' ch cannot adequately 
serve the probiam. I t  v l l l  p ro-  
v ide  the technologica l  base f o r  
the design and o p e r a t i o n  of eco- 
n o i l c  h igh  production l i c e n s a b l e  
commercial p l a n t s .  

PCTF 1 s  a key f a c i l i t y  in the  re- 
v ised  L W R R  program which w i l l  9Jb- 
s r i t u t e  conponent t e s t i n g  i n  the  
PCTF f o r  c o n s t r u c t i o n  of  one o r  t w o  
a d d i t l o n a l  demonstration p l a n t s  
a f t e r  the Cl inch  River Breeder Re- 
a c t o r  (CRBR) . 
F a c i l i t y  w i l l  be used t o  examlne 
large numbers of fue l  and m a t e r i a l s  
subassemblies and p ins  of the size  
l r r a d i n t e d  in FFTF and CRBR. 

Planned 
use  of 

f a r  i 1 i ty 
i n  support  

of  the 
b c a -  LPIFBR - cion pronram 

HEDL 80% 

Date 
f a c i l -  
i t y  is 

t o  be 
autho- 

r l r e d  

FY 77 

E s t i n a t e d  c,m- Amount of 
p ic t lo t i  do:e any m.3jor Tota l  

h t  t i m e  of rb.:anxrs to Estimated e s t i m a t e d  
a c t u a l  or the plcwred o p e r a t i n g  c o s t  o f  

planned C O B C  of the  c o s t  of  f a c i l i t y  
a u t h o r i r a  t i 2  f a c  I 1  i t y  f a c i l l  t y  (r,otno) 

FY 3 2  (b) (c )  s 54,000,000 

De te  
f s c i  11 cy 

IS to 
begin 

operarlons 

Late CY 81 
or e a r l y  
C Y  8 2  

Nane of 
W R  

Program 
area(s) 

Fuel re- 
cvcle  

suppor t  
f a c l l  i t y  

1. High Per -  
forv lnce  
Fuel Lab- 
o r a t o r y  

LPEC 100 FY 77 (C) (C) (C) 700,000.000 2. Plcnt r ..nponent 
develop- 
ment 

component 
Tes t  
Fac 11 1 tJ 
(PCTF) 

(C) 10.3 (C) 3. IJG%R 
Fuels and 
~ t e r l a l s  

FY 7 8  FY 0 2  PI 81 (C) 50,000,000 Fuels and 
m a t e r i a l s  

Examlna tion 
m Fac 11 1 t y  c 

0 .  W R  Fuels (e) 100 Fr 7 8  FY 81 FY 81 
Reprocessing 
Hot PllOC 
P l a n t  S t o r -  
age Q a ~ i l l t y  

(b) 5 3,000,000 100,000,000 Fuel re -  F a c i l i t y  w i l l  be used to s t o r e  
a year  c y c l e  spent  f u e l  before  demonstra:Ion re- 

covery runs in Experimental Reproc- 
essing F a c i l i t y  which will a l s o  be 
used f o r  CRBR f u e l s  a d  poss ib ly  
Near Commercial Breeder Reactor 
f u e l s .  

(b; 13,000,000 M0.000,000 Fuel re- This f a c i l i t y  is t o  test the M Y  
a year c y c l e  technology l n  hot  p i l o t  p l a n t  oper- 

a t l o n s  t o  reduce u n c e r t a i n t i e s  to  
an acceptab le  l e v e l  to  i n s u r e  
process and equipment re: labi:  1 t y  
and ccmmerclal a p p l j c a b i l i t y  and to  
provide the o p e r a t i n g  exper ience  
which w i l l  b u i l d  i n d u s t r l n l  conf i -  
dence i n  the technolow and enhance 
i t s  acceptance.  

D 

S. W R  Fuels  (c) 100 FY 7 9  PI 85 FY 84 
Reprocessing 
Hot P i l o t  
P l a n t  Ex- 
per imfnta l  
Reprocessing 
Pac i l  I ty 

, 

- 
300.000.000 P l a n t  ex- This f a c l l i t y  1s intended to pro- 'D 

'd 
des igning ,  c o n t r a c t i n g ,  and oper- m z 

0 

X 

c 

(C) 
per ience  v ide  indus t ry  v i t h  experience I n  

a t i n g  c o m r c i a l - s i z e  LKFBR p o w r -  
p l a n t s .  

U 

6 .  Near Corn- (c) 100 FY 77 (C) Fi 86 
w r c i a l  
Breeder 
Reactor 
W B R )  
(note d) 

I 
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lvama of 
W R  

suppor t  
f a c i  1 i ty 

7. Radia t ion  
aid Repair 
Engineet-  
l n g  Fael l -  
icy 

8. S a f e t y  
Re search  
E x p e r i m n t  
F a c i l i  t y  

Planned 
use of Date Estimated com- Aitlount of 

f a c i l i t y  fac l l -  Date p l e t t o n  d a t e  nny major Total 
l n  support  l ey  Is f a c l l l ~ y  a t  rime of ehanbes to Estlmaiad es t lmatcd  
of the  t o  k is t o  a c t u a l  or the  planned operating c o s t  of 

pronram opera t ions  a u t h o r i z a t i o n  f a c i l i t y  g~!d& (rioter ~ b )  W B R  autho- begin planned c o s t  of t h e  cosr of faclltt Program Sea tement of f a r 1  l i  :ye s 
r o n t r i b u t i o n  to  the uromm 

100% FY 70 ( c )  Abut  5 years  Changes being 

though no 
d o l l a r  fiwre 
can be s e t  a t  
t h i s  time 

a f t e r  a u t b o r i -  contemplated 
r a t i o n  

100 FY 77 Mid-1980s (C) ( C )  

( c )  9 36,00@,000 Component To provlde n f a c i l i t y  f o r  docon- 
develop- taminating, r e m v l n g  sodium, and 
m e n t  r e p i i r i n g  rad!oac t l fe  components. 

c 

n 
x 
c 

( c )  2M,000.001: S a f e t y  Facility v l l l  extend  the spectnun 
of condi t ions  achievable  by cur'.. 
r e n t  f a c i l i t i e s  to a range which 
will enable da ta  t o  be developed t o  
address  outs tanding  s a f e t y  i ssues .  
I t  w i l l  a l s o  provide f l e x i b i l l t y  
f o r  performing a d d i t i o n a l  exper i -  
ments vh ich  a r e  a t  t h i s  time de- 
f i n e d  In a gener ic  manner. I t  w i l l  
provide inpuc i n t o  the des ign  eva l -  
u a t i o n  process of c o w r c i a l  LHFBR 
des igns  and provide da ta  t o  respond 
t o  concern3 expressed by l l c e n s l n g  
bodies and c i t i z e n  proups. I r rad i -  
a t i o n  t e s t i n g  of f u e l  p i n s  is to  be 
done u n i e r  pro to typic  condi t ions  
and power t r a n s i e n t  condi t ions  typ- 
i ca l  of hypothesized acc idents .  

'These are planning es t imates .  

bNone. 

'Not y e t  determined. 

*KBR is going to  be II coopera t ive  governmentllndustry venture with the  government c o n t r i b u t i n g  about 5300,030.000 t o  the  t o t a l  c o s t  c f  the p r o j e c t .  

According t o  ERDA. firmer es t inra tes  are being developed for a u t h o r i z a t i o n  purposes. 

This is 
a rough e s t i m a t e  on tl-E p a r t  ofERDAand is i d e n t i f i e d  by then  a:! being so!nevhat belov t h e i r  expected c o n t r i b u t i o n .  

c( 

X 

C 
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APPENDIX V APPENDIX V 

OTHER FACILITIES I N V O L V E D  I N  -------__--___-______- 
THE LPlFBR PROGRAM 

I n  a d d i t i o n  t o  t h o s e  f a c i l i t i e s  a l r e a d y  p r e s e n t e d  , manv 
o t h e r s  have been i n v o l v e d  i n  t h e  s u p p o r t  of t h e  develoDment  
of t h e  LMFBR program.  T h e s e  have been i n v o l v e d  t o  v a r y i n q  
d e g r e e s  and a r e  g e n e r a l l y  l ess  s i g n i f i c a n t  i n  terms of ove r -  
a 1 1  program c o n t r i b u t i o n  t h a n  t h o s e  shown on t h e  
p a g e s .  Some of t h e s e  a r e  shown below 

S t a t u s  
I-_-- 

L o c a t i o n  ------ Name o f  f a c i l i t y  ---____--__ 

p r e v i o u s  

Program --- Area 

E x p e r i m e n t a l  B r e e d e r  I N E L  
R e a c t o r - I  

Re t i r e d  P l a n t  
e x p e r i e n c e  

S o u t h w e s t  E x p e r i m e n t a l  F a y e t t e v i l l e ,  R e t i r e d  
F a s t  Oxide  R e a c t o r  Arkansas  

P l a n t  
e x p e r i e n c e  

Sodium Loop S a f e t y  I N E L  
F a c i l i t y  

Under con-  
str u c t  i o n  

SaL'ety 

Pump S e a l  T e s t  
F a c i l i t y  

LMEC Ope r a t i nq Component dev-  
e 1 o pmen t 

T r a n s i e n t  T e s t  Loop HEDL O p e r a t i n g  Component dev- 
e lopmen t  

O u t - o f - P i l e  E x p u l s i o n  A N L  
and Re-en t ry  A p p a r a t u s  

Opera  t i ng S a f e t y  

Argonne F a s t  S o u r c e  AN L 
Reac to r  

O p e r a t  i ny  R e  a c  t o r  
p h y s i c s  

Core  Component T e s t  A N  L 
Loop 

S p e c i a l  Env i r o n -  H E D L  
m e n t a l  Radiomcta l -  
l u r g y  F a c i l i t y  

Ope r a t i nq Component dev-  
e lopme n t 

F u e l s  and 
m a t e r i a l s  

O p e r a t i n g  

La rge  Components LMEC R e t  i r e d  
T e s t  Loop 

S m a l l  Component HEDL Opera t i n g  
E v a l u a t i o n  Loop 

Compor?ent dev-  
e l o p m e n t  

Component dev-  
e l o  pme n t 

Hot c e l l s  Var ious Opera t i n g  F u e l s  and 
m a t e r i a l s  
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REACTOR RESEARCH AND DEVELOPMENT DIVISION 

- 
OFFICE OF THE DIRECTOR 

DIRECTOR 

DEPUTY DIRECTOR 
FOR PROJECTS 

DEPUTY DIRECTOR FOR 
9EVELOPMENT AND TECHNOLOGY 

ASSISTANT DIRECTOR 

ASSISTANT DIRECTOR FOR 
ARMV REACTORS I 

f 
I 

1 I 
I 

1 
ASSISTANT 

DIRECTOR FOR 
ADMINISTRATION 

ASSISTANT 
DIRECTOF! FOR 

OA 6 K)TIVATION I I 
FORFFTFPRCSR ~ ~ i l  c a a w  

MANAGEMENT PROGRAM PLANT PROGRAM REACTOR 

FFTF PROJECT 
OFFICE 

DIRECTOR, RL 

ASSISTANT 
DIRECTOR FOR ASSISTANT 

DIRECTOR FOR ENERGY SYSTEMS 
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P 
cd 
TI 
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z 
0 
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X 
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CRBRP PROJECT 
OFFICE 

DIRECTOR. OR 

0 
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Assistant Directors involved in the LMFDR program. 
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CRBR PROJECT MANAGEMENT ORGANIZATION CHART 

PROJECT STEERING COMMIT1 E E 

J PROJECT MANAGEMENT CORPORATION ENERGY RESEARCH AND 
( O V E R A L L  I N T E G R A T I O N  A N D  D E V E L O P M E N T  ADMINISTRATION 

TENNESSEE V A L L E Y  A U T H O R I T Y  
(OPERATIONS) 

B A L A N C E  OF P L A N T )  ( N U C L E A R  STEAM SUPPLY SYSTEM) 

COMMONWEALTH E DlSON TENNESSEE V A L L E Y  A U T H C R I T Y  -- !ACCCII-!NTING, W A L I T V  

(PURCHASING) ASSURANCE, A N D  O T H E R )  
CCMPANY 

ENERGY RESEARCH AND 
D E V E L O P M E N T  ADMIY1STRAT:ON 
LABORATORIES a CONTRACTORS)  

L E A D R E A C T O R M A N U F A C T U R E R  

WESTINGHOUSE 
E L  E C T R1 C CO RPO RATION 

PLANT 1 I rj.'RNS AND ROE, INC. I 
aunns AND ROE, INC. 

CONSTRUCTOR* 
( T O  B E  S E L E C T E D )  

Technica l  supervision and admin is t ra t ion relat ionships 
w i l l  be establ ished later. 

N U C L E A R  STEAM S U P P L Y  
SYSTEM VENDORS 

R E A C T O R M A N U F A C T U R E R  

G E N E R A L  E L E C T R I C  
COMPANY 

. 
L 1 

R E A C T O R M A N U F R C T U R E R  

ATOMICS I N T E R N A T i O N A L  
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Cha i iman : --- 
Dixy Lee Ray 
James R. S c h l e s i n g e r  
Glenn  T. S e a b o r g  

G e n e r a l  Manager:  - -- 

AEC 

R o b e r t  D .  Thorne  ( a c t i n g )  
J o h n  A. E r l e w i n e  
R o b e r t  E .  H o l l i n g s w o r t h  

Feb .  1973  J a n .  1975 
Aug. 1971 Feb.  1973 
Mar. 1961  Auq. 1971  

J a n .  1975  J a n .  1975 
J a n .  1974 Dec. 1974 
Aug. 1964 J a n .  1974 

E RDA 

A d m i n i s t r a t o r :  - -- 
R o b e r t  C. Seamans,  J r .  J a n .  1975 P r e s e n t  

A s s i s t a n t  A d m i n i s t r a t o r  f o r  Nuc lea r  
Enerqy:  
-~ 

R o b e r t  D .  Thorne  ( a c t i n g  d e p u t y )  J a n .  1975  P resen t  

i 
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