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REPORT OF THE AD HOC STUDY GROUP 

ON INTEGRATED VERSUS DISPERSED FUEL CYCLE FACILITIES 

1.0 INTRODUCTION 

The Ad Hoc Study Group on Spent Fuel  Process ing and Pluton ium 

Fuel F a b r i c a t i o n  f i r s t  convened a t  Germantown on February 20-21, 1974. 

Terms o f  r e fe rence  f o r  t h e  Group a r e  1  i s t e d  i n  an at tachment t o  Dr .  F. K .  

P i t tman ' s  l e t t e r  o f  February 1, 1974. (See t h e  Appendix t o  t h i s  r e p o r t .  ) 

The f i r s t  t ask  t h e  Group se lec ted  was t o  adv i se  t h e  Commission o f  

p o t e n t i a l  long-range p o l i c y  cons idera t ions ,  p l ann ing  and programs r e l a t e d  

to :  ( 1  ) t h e  r e t e n t i o n  o f  l o n g - l i v e d  r a d i o a c t i v e  n u c l i d e s  i n  t h e  f u e l  

c y c l e  t o  t h e  e x t e n t  p r a c t i c a l  and ( 2 )  t h e  managment o f  l o n g - l i v e d  r a d i o -  

a c t i v e  n u c l i d e s  i n  waste generated by nuc lea r  f u e l  c y c l e  ope ra t i ons .  

D e l i b e r a t i o n s  by t h e  Group had e s t a b l i s h e d  concepts f o r  a  number 

o f  systems which m igh t  reduce r i s k s  t o  man and reduce consumption o f  

resources as compared t o  t h e  base system. The common goals  were t o  

reduce t h e  number o f  s i t e s  and t h e  t r a n s p o r t  d i s t ance  between s i t e s  and 

t o  m in im ize  t h e  p rocess ing  and hand l i ng  o f  r a d i o a c t i v e  m a t e r i a l s  r e q u i r -  

i n g  safeguards o r  a d d i t i o n a l  containment.  

For expediency, however, t h e  Group decided a t  t h e  May 29, 1974 

meet ing t h a t  an a n a l y s i s  o f  a  s i n g l e  U.S. i n t e g r a t e d  f u e l  c y c l e  f a c i l i t y  

(IFCF) o r  s i t e  c o n t a i n i n g  t h e  m a j o r i t y  o f  nonreac to r  and pos t  r e a c t o r  

f u e l  c y c l e  f a c i l i t i e s  and a  comparison o f  t h e  IFCF w i t h  t h e  d ispersed  

f u e l  c y c l e  f a c i  1  i t i e s  (DFCF) would h igh1 i g h t  t h e  d e s i r a b i l  i t y  o f  con- 

ti n u i  ng these analyses. 

P r i o r  s t u d i e s  had been i n t e g r a t e d  by t h e  Group t o  develop a  broad 

p r o j e c t i o n  o f  t h e  U.S. nuc lea r  power system t h a t  m igh t  be expected 

t o  e x i s t  i n  the  yea r  2000 i f  no s i g n i f i c a n t  change were made i n  p o l i c i e s  



o r  techn ica l  programs. Studies by AEC personnel a re  cont inu ing which 

w i l l  evaluate regu la to ry  and 1 egal considerat ions concerned w i t h  energy 

centers, and o the r  s imi  1 a r  i n teg ra ted  f a c i  1 i t i e s .  

Other a l t e r n a t i v e s  t o  the  IFCF a r e  b r i e f l y  discussed i n  Sect ion 7 o f  

t h i s  repo r t .  

Conclusions and Recommendations 

The In teg ra ted  Fuel Cycle F a c i l i t y - - i t  could a l s o  be c a l l e d  a Nuclear 

Power Support Park--appears t o  have the  f o l l o w i n g  major fea tures :  

Confinement t o  one ( r a t h e r  than 15 t o  25) s i t e  (park) a l l  f i s s i o n  

products and t ransuran ics  n o t  i n  f u e l  assemblies. A s i n g l e  s i t e  

cou ld  prov ide  g rea te r  p r o t e c t i o n  t o  t h e  populace f o r  t he  maximum 

c r e d i b l e  accident .  

Rami f ica t ions  of corporate p lann ing could be d i s r u p t i v e  t o  the  

growth o f  t he  i ndus t ry .  

Substant ia l  p o t e n t i a l  f o r  improved waste management and e f f l u e n t  

c o n t r o l  . 
Increased (depending on l o c a t i o n )  shipping d is tances f o r  spent and 

f r e s h  r e a c t o r  f u e l  bu t  e l  i n i i na t i on  o f  t r a n s p o r t  f o r  most wastes 

and spec ia l  nuclear  mater ia ls .  

Safeguards considerat ions,  r a d i o l o g i c a l  impact, costs and t i m i n g  

appear t o  be a t  l e a s t  equal i f  n o t  improved as compared t o  a l l ow ing  

Dispersed Fuel Cycle F a c i l  i t i e s  t o  be randomly located.  

Support community impact appears r e l a t i v e l y  small ,  i n v o l v i n g  a 

community o f  150,000 t o  200,000, i n c l u d i n g  necessary serv ices  

( r e f  e r red t o  as niul tl p l  i e r s )  . 
A s i g n i f i c a n t  advantage f o r  IFCF i s  t h a t  a dec is ion  f o r  an ZFCF i s  

r e v e r s i b l e .  A t  any l a t e r  date dec is ions  can be made t o  pro1 i fera te  

s i t e s .  F 

Based on the  conclusions c i t e d  above, the  Ad Hoc Study Group recomnends 

t h a t  a comprehensive ana lys i s  o f  the  IFCF concept be immediately undertaken. - 



It i s  t h e  o p i n i o n  o f  t h e  Group t h a t  an I F C F  i s  t e c h n i c a l l y  f e a s i b l e  

.and d e s i r a b l e .  Thus a d d i t i o n a l  s tudy  i s  r e q u i r e d  o n l y  t o  s e l e c t  an o p t i -  

mum s i t e  and t o  assess t h e  p o l i c y ,  l e g i s l a t i v e ,  business and s o c i a l  f ac -  

t o r s  and t o  develop cos t ,  t im ing ,  and t e c h n i c a l  d e t a i l  needed f o r  t h e  

d e c i s i o n  process. 



2.0 SUMMARY 

To prov ide  i s o l a t i o n  o f  s t r a t e g i c  ma te r i a l s  and confinement o f  n u c l r ; l ~ -  

wastes, the  basic  f a c i l i t i e s  considered i n  assessing the  DFCF and IFCF  were 

mixed p lutonium and uranium oxide and HTGR f u e l  f a b r i c a t i o n ,  f u e l  repro-  

cessing, high-enrichment i s o t o p i c  separat ion and i n t e r i m  waste storage.  

Reactors, low-enrichment i s o t o p i c  separat ion and low-enrichment uranium 

f a c i l i t i e s  were excluded. I t  i s  expected t h a t  t h e  IFCF would a t t r a c t  

uranium f u e l  f a b r i c a t i o n  and poss ib l y  reac to rs .  An assumption was made 

f o r  the  study t h a t  t he  choice o f  e i t h e r  IFCF o r  DFCF would no t  a l t e r  t h e  

nuc lear  power generat ion p a t t e r n  pos tu la ted  t o  e x i s t  up t o  the  year  2000. 

The Year 2000 

I n  the  year  2000, t h e  f o l l o w i n g  p i c t u r e  emerges f o r  U.S. popu la t ion  

and the  generat ion o f  e l e c t r i c  power: The popu la t ion  i s  285,000,000; h a l f  

of a1 1  energy consumed goes f o r  e l e c t r i c  power generat ion;  602 o f  t h i s ,  01- 

1200 GWe, i s  nuclear;  two- th i rds  o f  t h i s  nuclear  capac i t y  i s  l e s s  than 

12 years o ld ,  and one - th i rd  i s  l e s s  than 5  years o l d .  The reac to r  mix i s  

73% LWR, 10% HTGR, and 17% LMFBR. F igure  1  shows the  Federal Power Comniis- 

s i o n ' s  Vegional d i s t r i b u t i o n  o f  nuclear  power product ion,  f u e l  f a b r i c a t i o n  

and spent fuel  reprocessing capac i ty .  The Southeast and Northeast reg ions  

lead i n  t h e  number o f  reac to rs ,  as w e l l  as i n  t h e  nuc lear  f r a c t i o n  o f  t o t a l  

reg iona l  genera t ion  capac i ty .  

About 29,000 MT of f resh  fue l  pe r  year i s  produced and about 22,000 MT 

(19,400 LWR, 700 HTGR, 1900 LMFBR) o f  i r r a d i a t e d  f u e l  i s  reprocessed. About 

350 MT per year  o f  p lutonium i s  being converted t o  mixed oxide. Over a  

m i l l i o n  cub ic  f e e t  o f  p lutonium alpha waste i s  generated and 9100 MT 

(equ iva len t )  of h igh - leve l  waste reach an age of  10 years.  Noble gas f i s -  

s i on  products w i l l  be generated a t  an annual r a t e  o f  230 M C i  and t r i t i u ~ i i  

a t  an annual r a t e  o f  14 M C i  . 

Fuel Cvcle F a c i l i t i e s  

The d ispersed and i n teg ra ted  f u e l  c y c l e  f a c i l i t y  cases w i l l  d i f f e r  i n  

numbers o f  p l a n t s  and l oca t i ons .  Table 1  summarizes a  bes t  guess a t  t he  

numbers and types o f  f a c i l i t i e s  i n  each complex. The IFCF was assumed t o  



WEST CENTRAL EAST NORTHEAST 
180  GW 260 GW 

FF 5000 MT  
CENTRAL FF 6000  MT  

FR 6 0 0 0  MT 130  GW 
FR 3600 MT  

I 

FF 4000 MT 

215 GW 
FF 6000  M T  
FR 3000 M T  

120 GW FF 8000 MT 
FF 3000 MT FR 4500 MT 
FR 6000  MT  

LEGEND 

FF FUEL FABRICATION CAPACITY 
FR FUEL REPROCESSING CAPACITY 
MT METRIC TONS 
GW GIGAWATTS ELEC'TRICAL 

FIGURE 1. P r o j e c t e d  Capac i t i es  f o r  t h e  Year 2000 f o r  Reactors  and 
Fuel F a b r i c a t i o n  and Reprocessing P lan t s  w i t h  Respect t o  
FPC Na t i ona l  Power Survey Regions 

be l o c a t e d  a t  t h e  Hanford s i t e  t o  p rov ide  an a r i d ,  low p o p u l a t i o n  d e n s i t y  

r e fe rence  s i t e  f o r  e v a l u a t i n g  t h e  IFCF concept. 

It was es t imated  t h a t  as many as 20 f u e l  f a b r i c a t i o n  and f u e l  r e p r o -  

cess ing  p l a n t s  c o u l d  be i nvo l ved  i n  t h e  d ispersed  case, r e q u i r i n g  up t o  

20 s i t e s .  However, t h e  c o n s o l i d a t i o n  expected f o r  t h e  DFCF case would 

reduce these  t o  10 t o  15 s i t e s .  

S ize  o f  IFCF 

The idea  of concen t ra t i ng  a l l  t h e  p o s t  r e a c t o r  f u e l  c y c l e  f a c i l i t i e s  

f o r  a  1,200 GWe e l e c t r i c a l  system a t  one s i t e  c rea tes  t h e  image o f  an 

immense f a c i l i t y .  The r e l a t i v e l y  smal l  q u a n t i t i e s  o f  m a t e r i a l  a c t u a l l y  

i n v o l v e d  i n  such a  system a r e  hard f o r  most o f  us t o  v i s u a l i z e .  

Such a  s i t e  would be o n l y  one-ha l f  t h e  area o f  t h e  Hanford s i t e ,  

would have a  peak work f o r c e  o f  about  10,000, would handle we igh ts  of 



TABLE 1. Comparison o f  P ro j ec ted  F a c i l i t i e s  
f o r  DFCF and ZFCF Cases 

Reprocessing 

C a l c i n a t i o n  

Calc ine-To-Glass 
Conversion Fac i  1 i ty 

Mixed Oxide and 
HTGR F a b r i c a t i o n  

U02 F a b r i c a t i o n  

Spent Fue l  Storage 

Alpha Waste 
Process ing 

F a c i l i t i e s  i n  Year 2000 

I FCF Case DFCF Case 

Waste Mgmt. ~i t e ( h )  D ispersed S i t e s  

5 ( b )  ( e )  ,(a) 

,(el 8 

~ e t r i e ~ a b l e  Storage y 1 
a 1 

Sol i d  Waste 
B u r i a l  (0 -y)  

Enr ichment (Topping ) , ( j )  

TOTAL 1 S i t e  -- % 10 t o  20 S i t e s  

Comprised o f  t h r e e  6000 MT p l a n t s ,  t h r e e  3000 MT p l a n t s ,  and one each 
a t  1500 MT and 600 MT. These a r e  nominal c a p a c i t i e s  f o r  LWR f u e l .  
HTGR and LMFBR f u e l s  a r e  assumed t o  be rep resen ted  a t  h a l f  t h e  nominal 
r a t e .  The two s m a l l e r  p l a n t s  hand le  LMR f u e l  o n l y ;  t h e  o t h e r  p l a n t s  
handle a l l  t ypes  o f  f u e l .  I f  sma l le r  p l a n t s  (e.g.  1500 M T l y r )  a r e  
optimum, t h i s  v a l u e  may doub le .  
M u l t i f u e l  6000 MT p l a n t s  (we ighted f o r  HTGR and LMFBR f u e l s  as  i n  
f o o t n o t e  a ) .  
Averag ing 2670 MTlyr ,  b u t  r a n g i n g  f rom 1500 t o  4000 MTlyr  i n  DFCF. 
I f  mixed o x i d e  and h igh-enr ichment  p l a n t s  a r e  independent u n i t s  , t h e  
number o f  p l a n t s  may doub le .  
U02 f a b r i c a t i o n  may be a t  o r  o f f  t h e  c e n t r a l  s i t e .  
As many as  8 f a c i l i t i e s  o f  t h i s  t y p e  a r e  conce ivab le .  
Could c o n c e i v a b l y  range  f rom 1 t o  8 f a c i l i t i e s .  
C a l c i n e - t o - g l a s s  conve rs ion  f a c i l i t y ( i e s )  c o u l d  be l o c a t e d  a t  each 
rep rocess ing  p l a n t .  
Assumed t o  be Hanford f o r  t h e  purposes of t h i s  s tudy.  
Alpha waste p rocess ing  f a c i l i t i e s  c o u l d  be l o c a t e d  a t  each reprocess-  
i n g  and f a b r i c a t i o n  f a c i l i t y .  
L o c a t i o n  o f  t h e  t o p p i n g  enr ichment  p l a n t  o n s i t e  i n  t h e  IFCF case i s  
o p t i o n a l .  



nuc lea r  m a t e r i a l  s i m i l a r  t o  those  a t  Hanford, and would p robab l y  r e q u i r e  a  

suppor t  community o f  o n l y  150,000 t o  200,000 people.  

The f o l l o w i n g  t e x t  summarizes some o f  t h e  d i f f e r e n c e s  foreseen between 

IFCF and DFCF complexes. 

T ranspor t  Impact 

The IFCF r e s u l t s  i n  e s s e n t i a l l y  a l l  pu re  p l u ton ium ox ide  (400 MT/yr)  

and a l l  p l u ton ium a lpha  bear ing  wastes be ing l i m i t e d  t o  o n s i t e  movement. 

I n t e g r a t i n g  t h e  f u e l  c y c l e  w i l l  e l im- ina te  a lmos t  16,000 annual shipments 

o f  p o s t  r e a c t o r  r a d i o a c t i v e  m a t e r i a l s ,  i n c l u d i n g  about  700 shipments o f  

p l u ton ium ox ide .  However, o f f s i t e  spent f u e l  t r a n s p o r t  w i l l  i nc rease  by 

3 .5 - fo ld  tonne-mi les f o r  an IFCF i n  western U.S. (S ince  t h e  q u a n t i t y  o f  

m a t e r i a l  shipped remains unchanged i n  t h i s  study, t h e  i nc rease  i n  tonne- 

m i l e s  i s  due t o  inc reased  sh ipp ing  d i s tance .  ) The number o f  v e h i c l e s  i n  

t r a n s i t  w i t h  spent  f u e l  w i l l  i n c rease  f rom about  90 t o  about  300. However, 

because much o f  t h e  a d d i t i o n a l  s h i p p i n g  d i s tance  l i e s  i n  t h e  spa rse l y  

popu la ted  western U.S., t h e  p o t e n t i a l  p o p u l a t i o n  exposure inc reases  o n l y  

by a  f a c t o r  o f  about  2.5. For  o f f s i t e  t r a n s p o r t  o f  f r e s h  mixed ox ide  and 

h i g h  en r i ched  f u e l  t h e  p o t e n t i a l  p o p u l a t i o n  exposure w i l l  be increased by 

1 .4 - f o l d .  Use o f  m i l i t a r y  cargo  a i r c r a f t  cou ld  reduce t h e  m e t r i c  t on -m i l es  

o f  t r u c k  t r a n s p o r t  o f  mixed ox ide  f r e s h  f u e l  by a  f a c t o r  o f  4 .  

Safeguards I r r~pact  

The IFCF g r e a t l y  decreases t h e  amount o f  spec ia l  nuc lea r  m a t e r i a l s  

i n  t r a n s p o r t  t h a t  a r e  e a s i l y  conver ted  t o  forms usab le  i n  exp los i ves .  

The exac t  e f f e c t s  o f  these changes on t h e  r e a l  r i s k  o f  d i v e r s i o n  i s  uncer- 

t a i n .  But  i t  i s  c l e a r  t h a t  t h e y  reduce a c c e s s i b i l i t y  o f  t h e  more a t t r a c -  

t i v e  nuc lea r  m a t e r i a l s  (p lu ton ium and en r i ched  uranium) and enhance t h e  

c a p a b i l i t y  f o r  p u r s u i t  and recovery.  On t h e  o t h e r  hand, hav ing a l l  f a c i l  i- 

t i e s  a t  one s i t e  makes t h e  a c t i v i t i e s  more a t t r a c t i v e  t o  subvers ion.  Pro- 

t e c t i v e  measures t o  d iscourage  d i v e r s i o n  m i g h t  i n c l u d e :  1 )  e s t a b l i s h i n g  

m i l i t a r y  t ype  c o n t r o l s  on t r a n s p o r t ,  2 )  u s i n g  a i r  t r a n s p o r t  o r  3 )  p l a c i n g  

h igh-energy gamma e m i t t e r s  ad jacen t  t o  o r  mixed w i t h  t h e  m a t e r i a l  be ing  

t r anspo r ted .  



Cost Impact 

Cost e f f e c t s  on nuclear  power were n o t  evaluated i n  depth, bu t  no f a c -  

t o r s  were found which i nd i ca ted  a  pena l t y  associated w i t h  the  IFCF. The 

savings inherent  i n  c e n t r a l i z e d  l a r g e r  scale f a c i l i t i e s ,  f rom reduc t i on  i n  

waste and p lutonium t r a n s p o r t  and from in teg ra ted  waste management, i n c l u d -  

i n g  decommissioning , would tend t o  compensate f o r  increased f u e l  t r a n s p o r t  

cos ts  and compensation paynients f o r  deac t i va t i ng  present  f a c i l i t i e s .  

Waste Management Impact 

Waste i nven to r i es  i n  o the r  than f i n a l  form would be minimized and 

geographical 1 y  concentrated. Econoniies o f  sca le  and ease o f  c o n t r o l  would 

be the  source o f  s i g n i f i c a n t  bene f i t s ,  cover ing many aspects o f  waste 

management, e s p e c i a l l y  w i t h  regard t o  implementing po l  i c y  changes. Decon- 

taminat ion  and decomnissioning wastes would be s i g n i f i c a n t l y  reduced i n  

volume and much more e a s i l y  managed a t  an IFCF. The number o f  s i t e s  com- 

n i i t t ed  long-term f o r  nuc lear  purposes would be reduced. 

Radio1 og ica l  Impact 

The IFCF has a  unique and key advantage: It l i m i t s  t o  one s i t e  the  

permanent ( f o r  p r a c t i c a l  purposes) ded ica t i on  t o  contaminated s ta tus .  The 

dec is ion ,  however, i s  r e v e r s i b l e ,  and a t  a  l a t e r  t ime any necessary add i -  

t i o n a l  s i t e s  can be dedicated. 

The IFCF requ i res  increased s i t e  area f o r  comparable chron ic  exposure 

t o  l a rge  popu la t ion  areas. The increased s i t e  area requ i red  by the  IFCF 

r e s u l t s  i n  a  subs tan t i a l  insurance margin f o r  the  very  low p r o b a b i l i t y  bu t  

major acc ident ;  however, the  m u l t i p l e  f a c i l i t i e s  do increase the  p o s s i b i l i t y  

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

No s i g n i f i c a n t  d i f f e r e n c e  between the  IFCF o r  DFCF i s  expected i n  o f f -  

s i t e  emission e f f e c t s .  Any improvements requ i red  t o  c o n t r o l  chronic  emis- 

sions i n  the  IFCF a re  fo recas t  t o  be a t t a i n a b l e  when they w i l l  be needed. 

The inherent  r a d i o l o g i c a l  advantages i n  the  IFCF f o r  o f f s i t e  popu la t ion  

can be r e a l i z e d  o n l y  i n  a  s i t e  which minimizes the  p o s s i b i l i t y  o f  ac ts  o f  

na ture  lead ing  t o  the  t r a n s p o r t  o f  rad ionuc l i des  t o  nan 's  environment both 

dur ing  opera t ion  and a f t e r  shutdown. 



INonradiol o g i c a l  I r r~pact  

Lower impact  f rom c o n s t r u c t i o n  and f rom chemicals i n  gaseous and l i q u i d  

e f f l u e n t s  would s l i g h t l y  favor  t h e  IFCF. Water use impact  would be essen- 

t i a l l y  t h e  same f o r  e i t h e r  case, b u t  more land  would be used f o r  t h e  IFCF. 

I r r e v e r s i b l e  env i ronmenta l  e f f e c t s  w i l l  be about  t h e  same f o r  t h e  IFCF and 

DFCF; however, t h e  IFCF can p robab ly  be l o c a t e d  i n  an a rea  w i t h  a  lower  

n a t u r a l  b i o l o g i c a l  p r o d u c t i v i t y  than can t h e  DFCFs. 

Timing Impact 

An argument coun te r  t o  t h e  IFCF i s  t h e  de lay  i n  g e t t i n g  i t  i n t o  bene- 

f i c i a l  ope ra t i on .  Wi th  t h e  eng ineer ing  done (GE, NFS, AGNS and p o s s i b l y  

Exxon) and s i t e  c h a r a c t e r i z a t i o n  complete (as f o r  AEC r e s e r v a t i o n s ) ,  con- 

s t r u c t i o n  pe r i ods  cou ld  be as s h o r t  as t h r e e  t o  f i v e  vears.  (Thus a  c rash  

program c o u l d  conce ivab ly  p u t  more IFCF c a p a c i t y  on l i n e  i n  t h e  e a r l y  

e i g h t i e s  than c u r r e n t l y  planned by i n d u s t r y  w i t h  a  r e d u c t i o n  i n  i n t e r i m  

c a p a c i t y  r e s u l t i n g  u n t i l  t h e  :[FCF i s  ope ra t i ona l .  However, d e s i r e  f o r  

h i g h e r  c a p a c i t y  p l a n t s  cou ld  cause de lays  due t o  a d d i t i o n a l  design-develop- 

ment t ime . )  

Labor Impact 

The IFCF c rea tes  s t a b i  1  i ty  f o r  bo th  c o n s t r u c t i o n  and ope ra t i ng  f o r c e s  

by p r o v i d i n g  a  cons tan t  source o f  employment and v a r i e t y  o f  j o b  oppo r tun i -  

t i e s .  The ques t i on  o f  concen t ra ted  power f o r  l a b o r  un ions has n o t  been 

examined . 
Technica l  S k i l l s  and D e ~ t h  

The IFCF c l e a r l y  produces t h e  i n c e n t i v e s  f o r  improved t e c h n i c a l  capa- 

b i l i t y .  P ro fess iona l  communit ies a t t r a c t  p ro fess iona l s .  H i g h l y  technolog-  

i c a l  c e n t e r s  a t t r a c t  R&D o rgan i za t i ons  and consu l t an t s .  Thus increased 

o p p o r t u n i t y  f o r  communication and coope ra t i on  among t e c h n i c a l  e x p e r t s  would 

be expected a t  t h e  IFCF. 

Free E n t e r p r i s e  E f f e c t s  

I n  one extreme, l a n d  on t h e  IFCF s i t e  cou ld  be p u t  o u t  f o r  b i d  ( l i k e  

o i l  sha le  l a n d )  and i n d u s t r y  g i v e n  a lmost  complete freedom. I n  t h e  o t h e r  



extreme, a1 1  ope ra t i ons  cou ld  be f e d e r a l  l y  funded (somewhere between the  

TVA and enr ichment ope ra t i ons ) .  Even i n  t h e  l a t t e r  case, Federal  p a r t i c i -  

p a t i o n  would be l e s s  than 10% o f  t h e  c o s t  o f  nuc lea r  power. 

There seems no doubt  t h a t  t h e r e  would be compla in ts  by i n d u s t r y ,  

workers and communities rega rd ing  decommissioning e x i s t i n g  f a c i l i t i e s  o r  

c a n c e l l i n g  p r o j e c t e d  p l a n t s .  

Pol  i c v  Imuact 

A l though n o t  a l l  i n c l u s i v e ,  a  number o f  i tems were i d e n t i f i e d  as 

wor thy  o f  f u r t h e r  - i nves t i ga t i on .  Several  broad ques t ions  p rov ide  a  franie- 

work f o r  i d e n t i f i c a t i o n  and a n a l y s i s  o f  these p o l i c y  cons ide ra t i ons :  What 

f a c i l i t i e s  should be i nc l uded?  Which l o c a t i o n ?  What a r e  t h e  implementa- 

t i o n  cons ide ra t i ons?  What degree o f  Federal  p a r t i c i p a t i o n  should be 

cons idered? These p o l i c y  cons ide ra t i ons  range over  t h e  areas o f  economics, 

t r a n s p o r t a t i o n ,  safeguards, l a b o r ,  geography, environmental  impact,  and a  

m u l t i t u d e  o f  o the rs .  

Two e a r l y  ma t te r s  must be d e a l t  w i t h :  (1 )  Who should have t h e  respon- 

s i b i l i t y  f o r  answering t h e  above ques t ions  i n  s u f f i c i e n t  dep th  t o  a l l o w  a  

d e c i s i o n  on whether t o  proceed w i t h  a  gene r i c  environmental  impact  s t a t e -  

ment on t h e  IFCF concept? ( 2 )  What a r e  t h e  t i m i n g  impe ra t i ves  f o r  an IFCF, 

and what d ispersed  f a c i l i t i e s  should be p e r m i t t e d  t o  be cons t ruc ted?  

Technica l  Development Impact 

The scope o f  t h i s  s tudy was l i m i t e d  t o  pos t  r e a c t o r  f u e l  c y c l e  f a c i l i -  

t i e s .  The numbers and types  o f  power r e a c t o r s  and t h e i r  f u e l  management 

schemes were - n o t  exaniined. The t e c h n i c a l  developments suggested below were 

e s t a b l i s h e d  on t h i s  bas is .  

The IFCF w i l l  a f f o r d  t h e  o p p o r t u n i t y  t o  p rov ide  more e f f e c t i v e  emiss ion 

c o n t r o l  th rough  concent ra ted  R&D e f f o r t s .  Inc luded  a r e  noble gas, i od ine ,  

and t r i t i u m  recovery  and p o s s i b l y  a  new gene ra t i on  o f  de-entrainment and 

f i l t r a t i o n  dev ices.  Improved d e t e c t o r s  w i l l  be needed t o  mon i t o r  



performance. Na tu ra l  mechanisms f o r  t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l s  

must be de f ined  f o r  a  s p e c i f i c  s i t e  i n  e i t h e r  t he  IFCF o r  DFCF case. 
b 

T r a n s p o r t a t i o n  R&D w i l l  need t o  be focused on f u e l  t r a n s p o r t  w i t h  

d im in i shed  emphasis on plutoniurn,  waste and scrap t r a n s p o r t .  
* 

The i n c e n t i v e s  f o r  l a r g e  p l a n t s  w i l l  i n c rease  t h e  need f o r  improved 

h igh-capac i  ty equipment, c r i t i c a l i t y  p reven t i on ,  r emo t i zed  o p e r a t i o n s  and 

f u l l  automat ion.  

An IFCF wi 11 a l l o w  a  t r u e  systerns approach t o  Waste Management. Sub- 

s t a n t i a l  r e d i r e c t i o n  o f  c u r r e n t  programs i s  fo reseen  w i t h  emphasis on 

c e n t r a l i z e d  f a c i l i t i e s ,  i n c reased  decon tamina t ion  and reuse, and r e d u c t i o n  

i n  i n v e n t o r i e s .  

S i m i l a r l y  t h e  g ross  r e d u c t i o n  i n  r a d i o n u c l i d e s  t r a n s p o r t e d  o f f s i t e  and 

t h e  l a r g e  i n v e n t o r y  o n s i t e  w i l l  r e q u i r e  t h e  safeguards program t o  p r o v i d e  

assured p r o t e c t i o n  o f  i n v e n t o r i e s  and immediate d e t e c t i o n  o f  c l a n d e s t i n e  

movement. 

Advantages and Disadvantages 

On t h e  whole, advantages o f  IFCF a r e  seen t o  outweigh d isadvantages.  

Tab le  2 l i s t s  ma jo r  p o i n t s  i n  summary form. 



TABLE 2. Advantages and Disadvantages of IFCF 

A d v a n t a g e s  

General -- 
1. Dec is ion  can be reversed a f t e r  comnitment t o  IFCF i s  made. 

T ranspor t  - 
1~ Removes a l l  r a d i o a c t i v e  wastes f rom t r a n s p o r t  ( u n t i l  u l t i m a t e  

d i s p o s a l )  except those c o l l e c t e d  a t  t h e  r e a c t o r s  and those i n  
the form o f  spent f u e l .  

2 .  Makes p o s s i b l e  t h e  use o f  m i l i t a r y  cargo r a i l ,  t r u c k  and 
a i r c r a f t  f o r  h i g h - s e c u r i t y  shipment o f  mixed-oxide f r e s h  
f u e l .  

Safeguards 

1 .  Reduces e f f o r t  r e q u i r e d  t o  p r o t e c t  aga ins t  d i v e r s i o n  o f  
n u c l e a r  e x p l o s i v e  m a t e r i a l s  i n  t r a n s i t .  

2 .  Reduces consequences o f  sabotage i n  t r a n s i t  s i nce  o n l y  
spent f u e l  elements a re  shipped i n  open t r a n s i t .  

2 .  Lessens d i v e r s i o n  p o s s i b i l i t i e s  by removing a l l  h igh -  
en r i ched  n u c l e a r  m a t e r i a l  s  f rom t r a n s p o r t .  

6. F a c i l i t i e s  would a l l o w  c o n c e n t r a t i o n  o f  i n s p e c t i o n  fo rces  
and a l l o w  f o r  enc losure o f  t h e  e n t i r e  area. 

Waste Management 

1 .  Economies o f  sca le  may reduce q u a n t i t i e s  o f  waste generated. 

2. F a c i l i t a t e  implementat ion o f  improved process ing techniques. 

3 .  S i n g l e  g l a s s i f i c a t i o n  f a c i l i t y  would ensure c o n s i s t e n t  
p roduc t  s a f e t y  and manageabi l i ty .  

4. Ons i te  c o n t r o l  ensures u n i f o r m i t y  i n  waste management 
procedures. 

5. Smal ler  i n v e n t o r i e s  o f  waste h e l d  i n  o t h e r  than f i n a l  fo rm 
a t  each p o i n t  o f  genera t i on .  

Rad io log i ca l  

1 .  E l im ina tes  t r a n s p o r t a t i o n  over  p u b l i c  highways o f  h i g h l y  
r a d i o a c t i v e  m a t e r i a l s  between t h e  severa l  process stages. 

2. Increases d i s tance  between t h e  f a c i l i t i e s  and t h e  s i t e  
boundary. 

3. A l lows s u f f i c i e n t  space t o  b u i l d  a d d i t i o n a l  f a c i l i t i e s  as 
r e q u i r e d  w i t h o u t  d e d i c a t i n g  new s i t e s  t o  long- term 
r a d i o l o g i c a l  r e s t r i c t i o n s .  

Eco log i ca l  

1. La rge r  e x c l u s i o n  area reduces p o t e n t i a l  food cha in  
t r a n s f e r s  o f  r a d i o n u c l i d e s .  

2 .  Large r  e x c l u s i o n  area reduces o f f s i t e  movements of 
rad ionuc l  i des .  

Se rv i ces  and U t i l i t i e s  

1. Large u t i l i z a t i o n  pe rm i t s  b e t t e r  personnel t r a i n i n g ,  
b e t t e r  f a c i l i t i e s ,  hence improved se rv i ces .  

I n s t i t u t i o n a l  

1. I f  s i n g l e  ownership were i n s t i t u t e d ,  i t  c o u l d  r e s u l t  i n  
b e t t e r  management because o f  b e t t e r  coo rd ina t i on ,  b e t t e r  
c o n t r o l ,  and a b i l i t y  t o  a f f o r d  b e t t e r  managers. 

2 .  No d u p l i c a t i o n  o f  f a c i l i t i e s .  

S o c i o l o g i c a l  - 

1. Prov ides s t a b l e  c o n s t r u c t i o n  employment f o r  severa l  years ,  
l essen ing  s o c i a l  d i s r u p t i o n .  

Labor 

1. Na t i ona l  n o - s t r i k e  agreement may reduce stoppages. 

2. P o t e n t i a l l y  b e t t e r  t r a i n e d  l a b o r  f o rce .  

3. Less l a b o r  requ i red .  

4. S t a b l e  employment f o r  l ong  pe r iod  o f  t ime f o r  b o t h  
c o n s t r u c t i o n  and ope ra t i ng  personnel.  

5. More f a v o r a b l e  o p p o r t u n i t i e s  f o r  t e c h n i c a l  and p ro fes -  
s i o n a l  personnel t o  communicate and cooperate.  

C a p i t a l  and Cash Flow 

1.  A  r e q u i r e d  o v e r a l l  f und ing  p l a n  may, when implemented, 
reduce market impact on c a p i t a l  r a i s i n g  and cash f low 
problems. 

2 .  Lower c a p i t a l  and ope ra t i ng  c o s t s  due t o  economies o f  
sca le .  

D i s a d v a n t a g e s  
. -- 

T ranspor t  

1. Increases mi leage f o r  s h i p p i n g  f r e s h  f u e l .  

2 .  Increases mi leage f o r  s h i p p i n g  spent f u e l .  

3. Increases mi leage f o r  sh ipp ing  wastes c o l l e c t e d  a t  r e a c t o r s .  
( S i x  comnercial  6-y b u r i a l  grounds a1 ready committed) . 

Safeguards 

1. Concent ra t ion o f  f a c i l i t i e s  makes them more vu lne rab le  t o  at  tack  
by a  f o r e i g n  power. 

2 .  Sabotage cou ld  shu t  down seve ra l  f a c i l i t i e s  because o f  prox  r l i t y .  

3 .  Mixed ox ide  and h i g h l y  en r i ched  uranium f u e l s  would be shipl11:d 
g r e a t e r  d i s tance .  

Waste Management 

1. Comnercial b u r i a l  s i t e s  f o r  B-y waste a re  a l ready  comni t ted;  
t h e i r  geograph ica l  d i s t r i b u t i o n  i s  near-optimum. 

R a d i o l o g i c a l  

1 .  The t o t a l  q u a n t i t y  o f  r a d i o a c t i v e  e f f l u e n t s  i s  d ischarged t o  
a i r  and water  a t  a  s i n g l e  s i t e .  

I n s t i t u t i o n a l  

1. S i g n i f i c a n t  changes i n  t h e  p resen t  i n s t i t u t i o n a l  arrangements. 

2. Increased government r e g u l a t i o n  w i l l  r e q u i r e  ad jus tment  of f r e e  
e n t e r p r i s e  system. 

S o c i o l o g i c a l  

1. Soc ia l  concern about r a d i o a c t i v i t y  cou ld  be increased bec, use o f :  

a .  Longer t r a n s p o r t  o f  spent and f r e s h  f u e l .  

b.  P o t e n t i a l  f o r  "common mode" f a i l u r e  w i t h i n  IFCF l e a d i ~ q  t o  
major  re leases  o f  r a d i o a c t i v e  m a t e r i a l s .  

Labor 

1. Labor f o r c e  l e s s  r e a d i l y  a v a i l a b l e .  

2. Labor s t r i k e s  c o u l d  have more impact on IFCF. 

3. Less cho ice  o f  l o c a t i o n  f o r  employees. 

C a p i t a l  and Cash Flow 

1 .  Because t r a d i t i o n a l  c a p i t a l  f und ing  and cash f l o w  needs 0 i g h t  n o t  
p r e v a i l ,  t h e  IFCF m igh t  r e q u i r e  new and i n n o v a t i v e  methoc ! f o r  
r a i s i n g  c a p i t a l  monies. 

2 .  Higher i n t e r e s t  cos ts  on en r i ched  f u e l  d u r i n g  t ranspor ta l . l on .  

3. I n i t i a l  c a p i t a l  investment i s  h ighe r ,  p a r t i c u l a r l y  f o r  a  ' ; i ng le  
owner. 

4. May have h i g h e r  t r a n s p o r t  c o s t s  f o r  m a t e r i a l s ,  equipment,  and 
spec ia l  s e r v i c e  personnel.  



3.0 DESCRIPTION OF DISPERSED FUEL CYCLE FACILITIES (DFCF) CASE 

This sec t i on  b r i e f l y  describes the U.S. nuclear  f u e l  cyc le  system 

expected i n  t he  year 2000 i f  no s i g n i f i c a n t  changes are  made i n  p o l i c i e s  

o r  techn ica l  programs. The p r o j e c t i o n  i s  based on con t i nua t i on  and/or 

e x t r a p o l a t i o n  of p o l i c i e s ,  programs, and procedures c u r r e n t l y  au thor ized 

o r  a n t i c i p a t e d  i n  the  near f u t u r e .  I n d i v i d u a l  f u e l  cyc le  f a c i l i t i e s  a re  

assumed t o  be constructed o r  enlarged (1 )  on a  t ime schedule which accords 

w i t h  the comnercial demand f o r  t he  serv ices  provided by the  f a c i l i t i e s  and 

( 2 )  a t  l oca t i ons  judged t o  be commercially compet i t i ve  and s u f f i c i e n t l y  

safe t o  s a t i s f y  l i c e n s i n g  requirements. The dispersed d i s t r i b u t i o n  o f  

f a c i  1 i t i e s  p ro jec ted  t o  r e s u l  t f rom these t im ing  and s i t i n g  cons idera t ions  

(F igure  1  ) i s  designated the  Dispersed Fuel Cycle Fac ' i l i  tes (DFCF) case. 

3.1 NUCLEAR POWER 

I n  the  year  2000, t he  f o l l o w i n g  p i c t u r e  i s  p ro jec ted :  the U.S. popu- 

l a t i o n  i s  285,000,000; h a l f  o f  a l l  energy consumed goes f o r  e l e c t r i c  power 

generat ion; annual e l e c t r i c  power consumption i s  32,500 kW-hr per  cap i ta ;  

t o t a l  e l e c t r i c  generat ing capac i t y  i s  7  kWe per  c a p i t a  o r  2000 Gwe f o r  the  

na t ion ;  60% o f  t h i s ,  o r  1200 Gwe, i s  nuclear;  two- th i rds  o f  the  nuclear  

capac i ty  i s  l ess  than 12 years o ld ,  and one- th i rd  i s  less  than 5 years o l d .  

Table 3  presents the  d i s t r i b u t i o n  o f  these power reac to rs  by FPC Nat ional  

Power Survey Region f o r  an average generat ing capac i ty  of 1200 MWe per 

reac tor .  The Southeast and Northeast regions lead i n  t he  number o f  reactors,  

as we l l  as i n  t he  nuclear  f r a c t i o n  o f  t o t a l  reg iona l  generat ing capac i ty .  

The reac to r  mix i s  73% LWR, 10% HTGR, and 17% LMFBR. 

Year 2000 popu la t ion  p r o j e c t i o n s  range f rom 264 m i l l i o n  t o  

324 m i l l i o n .  This  study i s  based on the  Series D p r o j e c t i o n  o f  
287 m i l l i o n .  

Pro jec ted  power capac i ty  and consumption f i g u r e s  used i n  t h i s  study 

have been updated i n  accordance w i t h  Reference 5, t he  h igh  in te rmed ia te  

Case B. 



TABLE 3. Pro jected Year 2000 Geographic Locat ion  o f  Reactor, Fuel Fabr ica t ion ,  
Reprocessing Capacity, and Waste Storage Faci 1 i t i e s  w i t h  Respect t o  
FPC Nat ional  Power Survey Regions 

Number o f  Plants 

West South East 
Type o f  Faci 1 i t y  West Central  Cen t r a  1 Centra l  Southeast Northeast Total  

a) 
Reactors ' 180 150 100 110 240 220 1000 

Fuel Fab r i ca t i on  2 2 2 2 2 2 1 2 ( ~ )  

Regi ona 1 
Capacity, MT 6000 5000 3000 4000 8000 6000 32,009 

Reprocessing 1 1 1 1 2 2 8 (d )  

Reg i ona 1 
Capacity, MT (b )  3000 6000 6000 6000 4500 3600 29,100 

Topping Enrichment 0 0 0 0 1 0 1 

Federa 1 Reposi t o r y  1 0 0 0 0 0 1 

Commercial Bu r ia l  

Grounds .. 2 1 0 1 1 1 6 

- -  

a. 1200 MWe each 

b. HTGR and LMFBR reprocessing capac i t i es  are reduced by a f a c t o r  o f  2 compared t o  LWR 

c. If mixed ox ide  and h igh  enrichment p l a n t s  a re  independent u n i t s ,  t he  t o t a l  
number o f  p l a n t s  may be doubled. 

d. I f  smal le r  p l a n t s  become optimum, t h i s  number cou ld  double. 



Pro jec t i ons  of t o t a l  generat ing capac i t y  and nuclear  generat ing capac- 

i t y  a r e  g i ven  i n  F igure  2. The nuc lear  f r a c t i o n  o f  the  t o t a l  capac i t y  i s  

p ro jec ted  t o  be 60 percent  i n  t h e  year 2000. 

F igure  2(6)  shows the h i s t o r i c  and p ro jec ted  growth o f  annual produc- 

t i o n  o f  e l e c t r i c  energy. The p ro jec ted  nuc lear  power capac i t i es  f o r  1980, 

1985, 1990, and 2000 are  102, 260, 500, and 1200 Gwe, respec t i ve l y .  

i r i  ALL OTHER s 
0 NUCLEAR 

Foss 1 L FLlEL 

TOTAL GENERATI NG / I  I n I 

FIGURE 2. Pro jec ted  Growth o f  E l e c t r i c a l  Generating 
Capaci ty  i n  t he  Uni ted States 



The i n s t a l l e d  c a p a c i t y  o f  each ma jo r  nuc lea r  r e a c t o r  t ype  i s  shown 

i n  F i g u r e  3. 

FIGURE 3. I n s t a l  l e d  Capaci ty  o f  Each Reactor Type 

Calendar 
Year 

1970 1980 1990 2000 

END OF CALENDAR YEAR 

FPC Loca t i on  o f  Nucl ear  Reactor Capaci ty,  GW(net) 

Nor th-  Eas t  South- West South 
e a s t  Cen t ra l  e a s t  Cen t ra l  Cen t ra l  West T o t a l  



3.2 FUEL EXPOSURE AND REPROCESSING LOAD 

The geographical d i s t r i b u t i o n  of spent f ue l  discharges i s  s i m i l a r  t o  

t h a t  f o r  reac to rs  i n  Table 3. The ac tua l  reprocessing load f o r  the year 

2000 i s  22,000 MT (19,400 MT LWR; 700 MT HTGR; 1,900 MT LMFBR). For e a r l y  

PWRs, exposure was t y p i c a l l y  10,000 t o  15,000 MWd/MT. Most r e c e n t l y  

discharged cores, such as Connect icut Yankee, San Onofre 1, and Yankee 

Rowe, have t y p i c a l l y  experienced 23,000 t o  30,000 MWd/MT. Ea r l y  BWRs 

discharged i n  1962-1968, e x h i b i t e d  values o f  8,000 t o  14,000, whereas the  

most recent  values a r e  15,000 t o  18,000. 

LWR plutonium recyc le  i s  assumed t o  begin i n  1977 and t o  cont inue 

beyond the  year  2000. 

Year 2000 assumptions o f  f u e l  exposure ( 7 y 8 )  a re  an average burnup o f  

approximately 33,000 M W ~ / M ?  f o r  LWRs, w i t h  o r  w i thou t  Pu recyc le .  The 

value i s  based on the  D iab lo  Canyon reference PWR study. For HTGRs, the 

f i g u r e  i s  93,500 MWd/MT, based on General Atomic data. 

LMFBR o v e r a l l  burnup(8) i s  32,700 MWd/MT, based on HEDL data. Refer- 

ence 10 assumed burnups o f  31,000 MWd/MT, 68,000 MWd/MT and 39,000 MWd/MT 

f o r  LWR, HTGR, and LMFBR (core  p lus  b lanke t ) ,  r espec t i ve l y .  I n  a l l  cases 

the more recent  data o f  Reference 8 were se lec ted  f o r  use here. I f  these 

burnup f i g u r e s  prove o p t i m i s t i c ,  the e f f e c t  w i l l  probably be man i fes t  i n  

lower power output,  r a t h e r  than i n  an increased reprocessing load, core 

residence times being e s s e n t i a l l y  f i xed .  

Based on the est imated year  2000 nuclear  power generat ion and the  f u e l  

discharge assumptions l i s t e d  above, F igures 4 and 5(8)  present  computed 

reprocessing loads f o r  each reac to r  type. (The PWR curve represents a l l  

LWRs. The c a l c u l a t i o n s  were made f o r  a PWR, and i t  was concluded t h a t  BWR 

data would be s i m i l a r ) .  F igure  4 presents ac tua l  q u a n t i t i e s  o f  uranium, 

plutonium, and thor ium i n  spent f u e l  f o r  reprocessing, a t o t a l  o f  22,000 MT 

This f i g u r e  shows some f u e l  w i t h  r e l a t i v e l y  low exposure ( f rom s t a r t u p  

cyc les )  as w e l l  as U02-Pu02 and U02-Tho2 scrap recyc led  from f a b r i c a t i o n  



FIGURE 4. Actual  Annual Reprocessing Load Through t h e  Year 2000 (8)  

T o t a l  
US 

567 
1735 
4579 
9298 

16,121 
24,644 

a .  HTGR and LMFBR f u e l s  a re  weighted by  a f a c t o r  o f  2, based on the  assump- 
t i o n  t h a t  these f u e l s  a r e  reprocessed i n  mu1 t i  purpose reprocess ing  
p l a n t s  a t  h a l f  t h e  r a t e  o f  LWR f u e l s .  

2 0 

E N D  OF C A L E N D A R  Y E A R  

Reprocessi  ng Load D i s t r i b u t i o n  by  FPC Region, MT/yr (a ) 

Cal endar Nor th-  
Year eas t  

1975 177 
1980 41 7 
1985 1017 
1990 201 6 
1995 3503 
2000 5377 

East  South- 
Cen t ra l  e a s t  

7 2 144 
152 502 
436 1223 

1006 2282 
1736 3966 
2628 :6099 

West 
Cen t ra l  

107 
29 7 
713 

1391 
2409 
3675 

South 
Cent ra l  West 

8 59 
1 06 26 1 
41 9 771 
939 1664 

161 8 2889 
2446 441 9 



FIGllRE 5. Reprocessed Fuel a t  Rated Exposure Through t h e  Year 2000 (8)  

1975 1980 1985 1990 1995 2000 

END OF CALENDAR YEAR 

p l a n t s .  F i gu re  5 p resen ts  e q u i v a l e n t  tons  o f  f u e l  hav ing t h e  r a t e d  steady- 

s t a t e  exposures. For co~nparison, e a r l i e r  p r o j e c t i o n s ( 1 0 )  o f  yea r  2000 

f u e l  d ischarge  were cons ide rab l y  h i ghe r  a t  30,100 MT (18,800 MT f o r  LWR; 

2,100 f o r  HTGR; and 9,200 f o r  LMFBR). F i gu re  5  i n d i c a t i o n s  a r e  somewhat 

lower  than t h e  f u e l - t r a c  p ro jec t i ons , ' ' ' )  which extend through 1981. 

P ro jec ted  i n v e n t o r i e s  of spent f u e l  a t  t he  r e a c t o r s  were es t imated  

assuming t he  reprocess ing  loads of F igure  5  and p o s t - i r r a d i a t i o n  decay t imes 

o f  150, 365, and 90 days, f o r  LWR, HTGR, and LMFBR fue l s ,  r e s p e c t i v e l y .  (8 )  

The average year  2,000 LWR spent f u e l  i n v e n t o r y  i s  es t imated  t o  be app rox i -  

mate ly  8,000 MT; f o r  HTGR, 700 MT; f o r  LMFBR, 450 MT. 

The t h r e e  U.S. f u e l  reprocess ing  p l a n t s  i n  o p e r a t i o n ' o r  be ing  cons t ruc -  

t e d  a r e  descr ibed  i n  Table 4. ( 4 )  one (NFS) has been i n  o p e r a t i o n  s i n c e  



TABLE 4. I r r a d i a t e d  Fuel Reprocessing P lan ts  S i t e  Data and Demography (4  

P l a n t  Popu la t ion  
P l a n t  and Capac i ty  S i t e  Size,  Dens i t y  
Loca t i on  MTU/dax Acres People/sq. III~. 

NFS 1 ) 3500 90 
Nuc lear  Fuel 

Services,  
West Va l ley .  
N.Y. 
(N.F.S.) 

MFRP 
Midwest Fuel  1  8 9 0 ' ~ )  150 

Recovery P lan t .  
Mor r i s .  Ill. 
(General El ec. ) 

BNFP 
Barnwel l  

Nuclear Fuel  
P lan t .  

Barnwel l .  S.C. 
( A l l  ied-Gul f  

Nuc. Serv. ) 

Popu la t ion  o f  Nearby C i  t i e s  
D is tance,  

C i t y  Popu la t ion  M i l e s  S ta r tup  

B u f f a l o  463,000 28 1973 

West Val l e y  ~ 1 , 5 0 0  4  

M o r r i s 1 1 1  8,000 8  
J o l i e t .  Ill. 79.000 15 
Aurora,  Ill. 74.000 27 

Barnwel l  .S.C. 4.500 7.5 1976 
A iken.S.C.  16.000 26 
Augusta. Ga. 60.000 33 

a.  NFS has a p p l i e d  f o r  a  l i c e n s e  t o  opera te  a t  2.5 MTUlday. 
b.  Adjacent t o  t h e  Dresden nuc lea r  r e a c t o r  s i t e  o f  2.230 acres 
c. Ad jacent  to AEC Savannah R i v e r  P l a n t  exc lus ion  area 

1966, b u t  i s  shut  down i n d e f i n i t e l y  f o r  mod i f i ca t i ons  and i s  a t  l e a s t  3 t o  

5 years away f rom resuming operat ion.  Another (G.E. M F R P ) ' ~ )  i s  expected 

t o  comnence ope ra t i on  l a t e  i n  1974. The t h i r d  (AGNS) i s  i n  e a r l y  construc-  

t i o n  and scheduled f o r  ope ra t i on  .in 1976. The th ree  p l a n t s  have a combined 

design capac i t y  s u f f i c i e n t  t o  meet t he  p ro jec ted  f u e l  reprocessing requ i re -  

ments o f  F igure  5 u n t i l  about 1982. (See a l s o  Reference 12). 

3.3 FUEL REPROCESSING CAPACITY 

'The reprocessing l o a d , i l l u s t r a t e d  i n  F igure  4, i s  seen t o  be accommo- 

dated i n  t h e  year  2000 by e i g h t  t o  twenty reprocessing p lan ts ,  l oca ted  as 

shown i n  Table 3. To ta l  capac i t y  i s  29,100 weighted MTIyear. (HTGR and 

LMFBR loads a r e  weighted by a f a c t o r  o f  two.) 

a. During t h e  compi la t ion  o f  t h i s  r e p o r t  GE declared an extensive delay 
s t a r t i n g  o f  t he  Midwest Fuel Recovery P lan t .  



These p r o j e c t i o n s  show s u f f i c i e n t  capac i ty  t o  match requ i  re~rer i ts  , 

assu~iiirlg p l a n t  cons t ruc t i on  and expansion occur as planned and as the 

market requ i res ,  w i thou t  delays from i n t e r v e n t i o n  o r  cons t ruc t ion .  These 

l a s t  two cons idera t ions  a r e  arguments f o r  a  p r o j e c t i o n  w i t h  a  r e l a t i v e l y  

small number of reprocessing p l a n t s  o f  l a r g e  capac i ty . (a )  It i s  genera l l y  

f as te r  and l e s s  expensive t o  enlarge an e x i s t i n g  p l a n t .  Larger p lan ts  a r e  

a l s o  more economical t o  operate. 

3.4 FUEL FABRICATION 

The p r o j e c t i o n  of f u e l  f a b r i c a t e d  annua l ly  through the  year  2000 i s  

shown i n  F igure 6. 

For t he  year  2000 a  t o t a l  o f  29,100 MT o f  f u e l  per  year  i s  pro-  

duced a t  twelve f u e l  f a b r i c a t i o n  l oca t i ons ,  w i t h  capac i ty  averaging 

2,700 MT/year each. The geographical l o c a t i o n  and reg iona l  capac i t y  a re  

shown i n  Table 3. For s i m p l i c i t y ,  t h e  load i n  each reg ion  i s  assumed t o  

be d i v i d e d  equa l l y  between the  two l oca t i ons  w i t h i n  the  region.  Fuel 

breakdown by r e a c t o r  type i s  22,100 MT f o r  LWRs , 1,800 MT f o r  Pu recyc le  

i n  LWRs, 1,000 MT f o r  HTGRs, and 4,200 MT f o r  LMFBRs. A t  s i x  o f  t he  f a b r i -  

c a t i o n  l oca t i ons  (one per  reg ion) ,  o n l y  low enr iched U02 f u e l  i s  handled. 

The o the r  s i x  l o c a t i o n s  f a b r i c a t e  bo th  U02 f u e l  and mixed ox ide f u e l s .  A 

topping enrichment p l a n t  t o  supply the  h igh  enrichment needs o f  HTGR i s  

accounted f o r  i n  Table 3. 

3.4.1 Forecast o f  P l a n t  I d e n t i t y  and Locat ion 

The most recent  p ro jec t i ons (8 )  o f  f u e l  f a b r i c a t i o n  requirements c a l l  

f o r  29,100 MT i n  t h e  year  2000. 

a. P r i o r  s tud ies (7 )  had assumed t h a t  i t  might  be t e c h n i c a l l y  and economical ly 
f e a s i b l e  t o  cons t ruc t  reprocessing p l a n t s  w i t h  capac i t i es  as h igh  as 
6000 MT per year .  Increas ing  techn ica l  complexi ty  and g r e a t l y  increased 
costs now i n d i c a t e  t h a t  a  g rea te r  number o f  smal le r  p l a n t s  might  be a  
more l o g i c a l  est imate.  
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FIGURE 6. P r o j e c t i o n  o f  Fuel  Fa r ' c a t e d  A n n u a l l y  '1 1 Through t h e  Year 2000 8 
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Fue l  F a b r i c a t i o n  Loads by FPC Region, m e t r i c  tons  
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e a s t  

Eas t  South- West South T o t a l  
C e n t r a l  e a s t  C e n t r a l  C e n t r a l  West US 



Although f u e l  f a b r i c a t i o n  requirements w i l l  increase r a p i d l y  f o r  many 

years, o p p o r t u n i t i e s  f o r  independent f a b r i c a t o r s  w i l l  con t inue  t o  be l i m i t e d .  

This  r e s u l t s  from 1 )  t he  f a c t  t h a t  replacement f u e l  requirements l a g  behind 

those f o r  i n i  t i a l - c o r e  f u e l  and 2)  the  tendency o f  r e a c t o r  purchasers t o  con- . 
t r a c t  w i t h  r e a c t o r  vendors f o r  f a b r i c a t i o n  o f  replacement f u e l  a t  t h e  t ime 

o f  r e a c t o r  purchase. The f u e l  market f o r  research and o t h e r  spec ia l i zed  

r e a c t o r s  i s  smal l  and n o t  expected t o  increase apprec iably .  3, For these 

reasons, the  number o f  year  2000 f u e l  f a b r i c a t i o n  p lan ts ,  w i l l  p robably  n o t  

change g r e a t l y  from t h e  present  s ta tus .  Rather, t he  c a p a b i l i t i e s  o f  e x i s t -  

i n g  o r  nea r - fu tu re  p l a n t s  w i l l  p robably  be expanded i n  an e f f o r t  t o  meet 

t he  demand. 

The c u r r e n t  s ta tus  and planned c a p a b i l i t i e s  o f  the  U.S. f u e l  f a b r i c a -  

t i o n  i ndus t r y ,  a long w i t h  i n f o r m a t i o n  o r  enrichment, R & D, and reprocess- 

ing,  a r e  g iven  i n  Reference 13. A s i m p l i f i e d  l i s t i n g  o f  f u e l  f a b r i c a t i o n  

c a p a b i l i t i e s  i s  g iven  i n  Table 5. 

Companies i n  compet i t ion  f o r  f a b r i c a t i o n  o f  U02 replacement f u e l  a re  

the  f o u r  LWR manufacturers p l u s  one independent f a b r i c a t o r ,  Exxon Nuclear.  

U n t i l  the  l a t t e r  h a l f  o f  1973, a second independent f u e l  f a b r i c a t o r  (Gu l f  

Un i ted  Nuclear Fue ls )  was a l s o  competing f o r  re load  orders.  The f a c t  t h a t  

t he re  were f i v e  d i f f e r e n t  companies o f f e r i n g  U02 f a b r i c a t i o n  serv ices  i n  

e a r l y  1971 i l l u s t r a t e s  the  d i f f i c u l t i e s  encountered by independent 

f ab r i ca to rs .  

AEC work on p lutonium r e c y c l e  has been phased out .  3, Programs 

sponsored by the  u t i l i t i e s ,  the  Edison E l e c t r i c  I n s t i t u t e  and the  f u e l  fab-  

r i  ca to rs  a re  con t i nu ing  and have demonstrated s a t i s f a c t o r y  perfomlance. A t  

present,  Consumers Power Company's B ig  Rock P o i n t  P l a n t  i s  t h e  on l y  com- 

merc ia l  r e a c t o r  using, on a l i m i t e d  basis ,  mixed-oxide f u e l .  ( 4 )  Most o f  

the mixed-oxide f u e l  f a b r i c a t o r s  a r e  p lann ing  t o  have smal l  numbers o f  

mixed-oxide f u e l  assemblies i n s e r t e d  i n t o  reac to rs  du r i ng  the coming year .  

These demonstrat ions a r e  t o  pave the  way f o r  p lutonium r e c y c l e  on a l a r g e  

scale . 
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3.4.2 Assumptions Regarding P l a n t  Size 

Year 2000 p r o j e c t i o n s  o f  t h e  s i z e  and l o c a t i o n  o f  f u e l  f a b r i c a t i o n  p l a n t s  

a re  as unce r ta in  as those r e l a t e d  t o  reprocessing p l a n t s .  One might p r o j e c t  

t h a t  t h e  24,640 MT/year weighted load  w i l l  be s a t i s f i e d  by 16 o r  17 p l a n t s ,  

each o f  2,000 MT capac i ty ,  l i s t e d  as t h e  present  p l a n t s  i n  Table 5. Some 

o f  these p l a n t s  might  f a b r i c a t e  U02 o n l y  and o the rs  p rov ide  both U02 f u e l  

and mixed-oxide f u e l .  No mixed-oxide f a b r i c a t i o n  p l a n t s  o f  t h i s  s i z e  e x i s t  

today. However, a  Westinghouse p l a n t  designed t o  produce 200 MT/year o f  

mixed ox ide  ( 3  t o  4% Pu) f o r  LWR p lu ton ium r e c y c l e  i s  scheduled f o r  opera- 

t i o n  a t  Anderson, S.C. i n  1977. It i s  a n t i c i p a t e d  t h a t  t he  mixed-oxide 

f a b r i c a t i o n  i n d u s t r y  w i l l  be dominated by p l a n t s  i n  the  200 t o  400 MT/year 

range through the  year  1990. (4) The Westinghouse U02 f a b r i c a t i o n  f a c i  1 i t y  

a t  Columbia, S.C. has a  1,000 MT/year capac i ty .  

For u n i f o r m i t y  w i t h  o t h e r  s tud ies ,  t he  l a t e s t  p r o j e c t i o n s ( 8 )  o f  p l a n t  

capac i t y  and l o c a t i o n  are  used here. These p r o j e c t i o n s ,  g iven  i n  Table 6,  

assume a  s t rong c o r r e l a t i o n  between f u e l  f a b r i c a t i o n  load  and t o t a l  capac- 

i t y  of f a b r i c a t i o n  p l a n t s  w i t h i n  each FPC Region. The types of f u e l  f a b r i -  

cated i n  each r e g i o n  a r e  p ro jec ted  i n  Table 6. Where an ac tua l  number o f  

p l a n t s  must be assumed, i t  i s  p ro jec ted  t h a t  t h e r e  a r e  two equal -capac i ty  

p l a n t s  i n  each r e g i o n  (a t o t a l  o f  12 p l a n t s ) .  For  simp1 i c i  t y ,  h a l f  of these 

a r e  assumed t o  be UOp on ly ;  t he  o t h e r  h a l f  a r e  assumed t o  p rov ide  bo th  U02 

and mixed ox ide  f u e l  i n  equal q u a n t i t i e s .  Th is  r e s u l t s  i n  rough ly  th ree-  

four ths  o f  t h e  c a p a c i t y  l y i n g  i n  U02 f u e l  f a b r i c a t i o n ,  i n  agreement w i t h  

t he  f a b r i c a t i o n  requirements of 22,000 MT U02 versus 6,000 MT mixed-oxide 

LWR-PU and LMFBR and 1  ,100 MT HTGR fuel  . 

3.5 WASTE GENERATION 

Fuel c y c l e  wastes generated i n  t h e  year  2000 a re  summarized i n  F igure  7. 

Accumulated q u a n t i t i e s  f rom prev ious  years a r e  a l s o  shown, along w i t h  num- 

bers of annual shipments of var ious  types o f  waste. Inc luded a r e  250 r a i l  

shipments o f  s o l i d i f i e d  h igh - l eve l  waste and 1150 o f  alpha waste. The 

waste c l a s s i f i c a t i o n s  fo l l owed  a r e  gene ra l l y  those o f  Blomeke e t  a l .  (7,8) 

I n  severa l  cases, a  wide range of poss ib le  q u a n t i t i e s  can be pro jec ted ,  



TABLE 6. Pro jected Capaci t ies and L 
of Fuel Fab r i ca t i on  P lan ts  ?Utions 

Total  Fuel 
On-Li ne Fabr i ca t i on  

Year - Capacity Region Capabi 1 i ty 

1970 300 East Centra l  LWR-U 
2 00 Southeast LWR-U 
100 South Centra l  LWR-U 
100 West LWR-U 

1980 500 Northeast LWR-U, Pu 
1000 East Centra l  LWR-U, Pu 
2500 Southeast LWR-U, Pu; HTGR 

500 West Centra l  LWR-U, Pu 
500 South Centra l  LWR-U, Pu: LMFBR 

1000 West LWR-U, PU ; HTGR 

1990 31 00 Northeast LWR-U, PIJ 
2000 East Cent ra l  LWR-U, Pu 
5000 Southeast LWR-U, Pu; HTGR 
2000 West Centra l  LWR-U, Pu 
1500 South Centra l  LWR-U, Pu; LMFBR 
2 500 West LWR-U, Pu; HTGR 

2000 6000 Northeast LWR-U, Pu 
4000 East Cent ra l  LWR-U, Pu; LMFBR 
8000 Southeast LWR-U, Pu; HTGR, LMFBR 
5000 West Centra l  LWR-U, Pu; HTGR 
3000 South Cent ra l  LWR-U, Pu; LMFBR 
6000 West LWR-U, Pu; HTGR; LMFBR 

depending on the  bases f o r  the  p ro jec t i on .  To minimize small d iscrepancies 

between var ious  assumptions, the  r e s u l t s  were rounded t o  one o r  two s i g n i f i -  

cant  d i g i t s .  

For purposes o f  t h i s  study, t he  hand1 ing ,  storage, and d isposa l  o f  the  

accumulated wastes l i s t e d  i n  F igure  7 a re  assumed t o  be performed as fo l l ows .  

High- level  waste i s  ca l c ined  a t  each reprocessiug p l a n t  3 years a f t e r  fuel  

d i s s o l u t i o n  and i s  shipped t o  a Calc ine Conversion F a c i l i t y  (CCF) 10 years 

a f t e r  reprocessing. The CCF i s  assumed t o  be l o c a t e d  a t  Hanford. There 
8 

the c a l c i n e  i s  converted t o  a s t a b l e  glass/ceramic product  o f  low d ispers-  

a b i l i t y .  Two p a r a l l e l  conversion f a c i l i t i e s  ( o r  a t  l e a s t  two p a r a l l e l  l i n e s )  

a t  t h e  same s i t e  a r e  envisioned f o r  reasons o f  redundancy. The waste i s  s 





then s t o r e d  under f e d e r a l  j u r i s d i c t i o n  a t  an assoc ia ted  Re t r i evab le  Sur face 

Storage F a c i l i t y  (RSSF). Work i s  c o n t i n u i n g  on techniques f o r  u l t i m a t e  

d i sposa l  o f  waste; a  s p e c i f i c  method may have been se lec ted  and demonstrated 

by p i l o t - p l a n t  by  t he  year  2000. A l l  waste streams o t h e r  than h i g h - l e v e l  

a r e  h e l d  a t  t h e  po- in t  o f  o r i g i n  f o r  1  year ,  conipacted i f  f e a s i b l e ,  and 

sh ipped t o  t h e  federa l  r e p o s i t o r y .  Alpha waste w i l l  be t r e a t e d  (e.g. ,  

i n c i n e r a t i o n ,  a c i d  d i g e s t i o n )  and conver ted  t o  an i n s o l u b l e  f i n a l  form, p ro -  

bab l y  by two p a r a l l e l  l i n e s  o r  f a c i l i t i e s  a t  t h e  r e p o s i t o r y ,  f o r  f u r t h e r  

r e d u c t i o n  o f  volume p r i o r  t o  s to rage  a t  t h e  same l o c a t i o n .  It i s  p o s s i b l e  

t h a t  one o r  more independent alpha-waste processors w i l l  be i n  ope ra t i on ,  

p robab ly  near f u e l  f a b r i c a t i o n  p l a n t s .  Low-level  beta-gamma waste w i l l  

q u a l i f y  f o r  d i sposa l  i n  l i c e n s e d  su r f ace  b u r i a l  grounds, s i x  o f  which a r e  

p r e s e n t l y  i n  ex is tence ,  d i s t r i b u t e d  geog raph i ca l l y  as i n  Table 3. 

The u n i t  bases f o r  waste gene ra t i on  f o l l o w  i n  Table 7.  Est imates 

concern ing decontaminat ion and decommissioning wastes and t r e a t e d  e f f l u -  

e n t s  a r e  n o t  inc luded .  A l l  waste streams a r e  assumed t o  be he ld  1 year  

a t  p o i n t  o f  o r i g i n ,  w i t h  t h e  excep t i on  of h i g h - l e v e l  waste, f o r  which 

10-year holdup i s  assumed. 

The remainder o f  t h i s  s e c t i o n  b r i e f l y  d iscusses t h e  o r i g i n ,  cha rac te r -  

i s t i c s ,  and immediate s to rage  and/or d i sposa l  methods f o r  t h e  ma jo r  t ypes  

o f  waste. ( 7 )  Longer term s to rage /d isposa l  i s  d iscussed i n  Sec t i on  3.6. 

3.5.1 Hiah-Level  Waste 

H igh - l eve l  waste i s  de f ined  as " those  aqueous wastes r e s u l t i n g  f rom 

t h e  o p e r a t i o n  o f  t h e  f i r s t  c y c l e  s o l v e n t  e x t r a c t i o n  system, o r  equ i va len t ,  

and t h e  concent ra ted  wastes f r om subsequent e x t r a c t i o n  cyc les ,  o r  equiva-  

l e n t ,  i n  a  f a c i l i t y  f o r  reprocess ing  i r r a d i a t e d  r e a c t o r  f u e l s . "  These 

wastes c o n t a i n  v i r t u a l l y  a l l  n o n v o l a t i l e  f i s s i o n  products ,  % 0.5 pe rcen t  o f  

t h e  uranium and p lu ton ium i n  t h e  spent  f u e l s ,  % 0.1 pe rcen t  of t h e  i o d i n e  

and bromine f i s s i o n  p roduc ts  p l u s  a l l  o t h e r  a c t i n i d e s  formed by transmuta- 

t i o n  of t h e  uranium and p lu ton ium i n  t h e  r e a c t o r s .  It i s  p r o j e c t e d  t h a t  

these m a t e r i a l s  w i l l  be c a l c i n e d  and packaged i n  s t e e l  c a n i s t e r s  t y p i c a l l y  

1  f t  i n  d iameter  by 10 f t  i n  l e n g t h  and shipped by r a i l  t o  a  r e p o s i t o r y  

a f t e r  10 y e a r s '  s to rage  a t  t h e  reprocess ing  p l a n t s .  



TABLE 7. Generation o f  Wastes by United States 
Nuclear Power Indust ry  U n i t  Bases 

Compaction Vol unel 
Waste Un i t  Bases Factor Shipment Reference 

High-Level 

Clad Hu l l s  

A1 pha-Beta-Gamna 
(>uCl/kg and 
requl re  sh le ld ing 
and remote hand1 i ng ) 

A1 pha 

Beta-Gam (Fuel 
Preparation. Fabrl-  
cat lon, and Repro- 
cessing) 

Beta-Gam reactors 

2 f t 3 / ~ ~  - LWR 
3 f t 3 / ~ ~  - LMFBR 
6 f t 3 / ~ ~  - HTGR 

10,000 f t 3 / ~ ~  o f  Plutonium 
o r  U-233 processed (0.0259 
of Pu o r  U per f t 3 ) . ( a )  

10,000 ft3, 20.000 ft3, 
and 4.000 ft3/MT of 
Plutonium o r  U-233 processed 
i n  Fuel Preparation, Fabrlca- 
t i on .  and Reprocessing Plants, 
respective1 ( .25 g of Pu 
o r  u per f t j j . ( a P  

4,000, 8,000 and 1600 ft3 per 
MT of Pu o r  U-233 Processed a t  
Fuel Preparation, Fabricat ion, 
and Reprocess 'ng Plants, 
respect ive ly .  1a.b) 100 f t 3 / n  
fo r  w 2 ( a ) .  

300 ft3/Ml Trash - L W R ( ~ )  
200 ft:/Ml Trash - LMFBR") 
100 f t  /M esins and Sludges 
from LwRsTaJ 

12 Canisters 
75 f t 3  

3.5 27 Packages LWR 
36 Packages LMFBR 

(7 )  

3.53 f t 3 / ~ a c  kage 

l o ( C )  75 ft3 (7) 

2 Trash 475 ft3 
0.5 Resins 
and 
~l udges(c) 

Iodine (as K I )  0.019 of I/MWD ( t h )  - --- 
99.9% of Iod ine Recovered a t  
Reprocessing P lant  

Noble Gases 0.037 Cyl inder/MT - BUR 6 Cyl inders 
9.3 x 10-3 Cyl inder/MT - PWR (50 1 i t e r  gas 
0.06 Cyl inderlMT - Reprocessing cy l inders  a t  
5700 kg/MT 2200 ps ig)  

T r l t i um (reprocess- 0.02--.03 C i  of H-3/MW ( t h ) ,  3 10.2 ft3 
l n g  Ca(OH)2) 700-1200 C ~ / M T ,  0.5 ft o f  Ca(OH)2 

Ca(OH)2/MT 

T r l  t lum (Reactors, 800 gal t r i t i a t e d  water - - 4000 gal 
as coolant)  (53i/m!L)/MT, r e s u l t  of bleed- 

i n g  about 20.000 ga l / y r  from a 
1000-MW LWR 

a. Uncompacted volumes 
b. U n i t  bases f o r  fue l  f ab r i ca t i on ,  preparat lon, and reprocesslng are a f a c t o r  o f  10 less than those pre- 

sented i n  ORNL-TM-3965. No a1 lowance for  volume reduction was made I n  ORNL-TM-3965. 
c. Compacted volume associated w l t h  55-gal l o n  s tee l  drums (assumes so l  l d l f i c a t i o n  o f  resins-sludges 

Increases volume by f a c t o r  o f  two). 



3.5.2 Cladding Wastes 

Cladding wastes a r e  res idua l  Z i r c a l  oy and s t a i n l e s s  s tee l  c ladd ing  

and s t r u c t u r a l  components o f  t he  f u e l  assemblies t h a t  remain a f t e r  t h e  

f u e l  cores have been d issolved.  Although t h e i r  r a d i o a c t i v i t y  a r i ses  main ly  

from neutron-induced isotopes,  the  h u l l s  a re  s i m i l a r  t o  h igh - leve l  waste i n  

t h a t  approximate ly  0.05 percent  o f  the  a c t i n i d e s  and f i s s i o n  products (and 

several percent  of f iss ion-product  tri t i  um i n  the  case o f  Z i r c a l o y  c ladd ing )  

may be associated w i t h  the  c ladd ing  wastes. The compacted c ladding,  a f t e r  

1-year storage a t  the  reprocessing p lan t ,  i s  shipped by r a i l  t o  a  repos i to ry .  

A1 pha-Beta-Gamma Wastes 

Alpha-beta-gamna wastes a re  de f ined as s o l i d  ma te r i a l s ,  o t h e r  than 

h igh - leve l  and c ladd ing  wastes, which conta in  l o n g - l i v e d  alpha a c t i v i t i e s  

g rea te r  than 10 pCi/kg and have gamma r a d i a t i o n  l e v e l s  s u f f i c i e n t  t o  r e q u i r e  

b i o l o g i c a l  s h i e l d i n g  and remote handl ing. They a r i s e  a t  f u e l  reprocessing 

p l a n t s  and c o n s i s t  o f  an assortment o f  m a t e r i a l s  s i m i l a r  t o  alpha wastes. 

It i s  assumed t h a t  0.025 percent o f  the  f i s s i o n  products i n  t h e  spent f u e l s  

i s  present.  

A1 pha Waste 

"Alpha" wastes a r e  p resen t l y  de f ined as s o l i d  m a t e r i a l s  t h a t  con ta in  

p l  u t o n i  um o r  o the r  1  ong-1 i ved  a1 pha emi t te rs  i n  concentrat ions g rea te r  than 

the  upper range o f  concent ra t ion  o f  radium i n  the  earth's c r u s t .  Wastes con- 

t a i n i n g  l e s s  alpha a c t i v i t y  a re  regarded as d isposable i n  b u r i a l  grounds, 

whereas alpha wastes must be s to red i n  spec ia l  r e p o s i t o r i e s .  A1 pha wastes 

a r i s e  p r i n c i p a l l y  a t  f u e l  p repara t ion  and f a b r i c a t i o n  p lan ts ,  and t o  a  

l e s s e r  ex ten t  a t  f u e l  reprocessing p lan ts .  They c o n s i s t  o f  s o l i d  m a t e r i a l s  

o f  paper, c l o t h ,  wood, p l a s t i c ,  glass, and metal , as w e l l  as s a l t s  and 

sludges from t reatment  of l i q u i d  waste streams and o f  f i l t e r s  from cleanup 

o f  of f -gas.  I t  i s  p ro jec ted '  t h a t  alpha wastes w i l l  be shipped by r a i l  and 

accumulated a t  a r e p o s i t o r y  1  year  ' f o l l ow ing  t h e i r  generat ion. 



Beta-Gamma Wastes 

These d iverse s o l i d  wastes, comnon t o  a l l  f a c i l i t i e s  handlirrg r a d i o -  

a c t i v e  mater ia ls ,  range from rad ionuc l i de  concentrates generated i n  decon- 

taminat ion o f  p l a n t  e f f l uen t  streams t o  almost every conceivable type o f  

contaminated s o l i d  re fuse from p l a n t  operat ions. Since they do n o t  con ta in  

l ong - l i ved  alpha a c t i v i t y ,  they a re  disposable i n  sur face b u r i a l  grounds. 

F igure  7 i nd i ca tes  year 2000 q u a n t i t i e s  r e l a t e d  t o  waste generat ion, 

accumulation, and t ranspor ta t i on .  Generation q u a n t i t i e s  a re  given i n  te rns  

of volume, r a d i o a c t i v i t y ,  and thermal power. Accumulation inc ludes these 

measures and measures o f  t o x i c i t y .  Transpor ta t ion  i s  given i n  ternis o f  

shipments by r a i l  (R) o r  motor f r e i g h t  (M), assuming a c e r t a i n  degree of 

compaction. 

I o d i  ne 

Iod ine i s  a s e m i v o l a t i l e  f i s s i o n  product  which, because o f  i t s  b io log -  

i c a l  s ign i f i cance ,  requ i res  spec ia l  a t t e n t i o n  t o  ensure adequate safety. 

R & D work shows promise o f  removing a t  l e a s t  99.9 percent  o f  i t  from the  

o the r  f u e l  c o n s t i t u e n t s  by v o l a t i  1 i z a t i o n  a t  t h e  head-end o f  t he  process. 

For t h i s  s tudy i t  was assumed t h a t  99.9 percent  of t he  i od ine  was recovered 

i n  a pure form a t  t he  reprocessing p lan ts ,  converted t o  K I ,  and s tored f o r  

1 year  before shipment by t r u c k  t o  a r e p o s i t o r y  o r  d isposal  s i t e .  The quan 

t i t y  involved, i n  cur ies ,  and i n  cubic fee t ,  i s  extremely small i n  compari- 

son w i t h  o t h e r  waste streams. 

Noble Gases 

Noble-gas f i s s i o n  products c o n s i s t  o f  s t a b l e  and short-1 i ved  isotopes 
of krypton and xenon. Less than 1% o f  these gases a r e  released t o  the  atmo- 

sphere a t  power p lan ts .  The r e s t  remains w i t h i n  the  fuel de l i ve red  t o  t h e  

reprocessing p lan ts .  Only 8 5 ~ r  (10.8 year  ha l f -1  i f e )  remains i n  the  i r r a -  

d i a t e d  fue l  a f t e r  150 days decay. A1 though o f f s i  t e  r a d i a t i o n  exposures 

have been small , processes a re  a v a i l a b l e  o r  under development f o r  recovery 

of these gases from p l a n t  o f f -gas  streams. It i s  p ro jec ted  t h a t  t h e  mixed 

gases w i l l  be c o l l e c t e d  under 2200 p s i g  pressure i n  50-1 i t e r  gas c y l  inders, 

s to red f o r  1 year a t  t he  reprocessing p lan t ,  and shipped by r a i l  t o  a 

remote s i t e  f o r  long-term storage. 



T r i  t i u ~ i i  

T r i t i u m  wastes are  generated a t  power s t a t i o n s  and f u e l  reprocessing 

p lan ts .  T r i t i u m  i n  LWRs a r i s e s  p r i n c i p a l l y  from neutron reac t i ons  w i t h  

l i t h i u m  and boron t h a t  may be present i n  pr imary coolants.  It i s  p ro jec ted  

t h a t  new power s t a t i o n s  w i l l  r ecyc le  t h e  coo lant  u n t i l  t h e  t r i t i u m  reaches 

a prescr ibed concentrat ion.  Th is  concent ra t ion  w i l l  be maintained by add- 

i ng  f r e s h  water and bleeding o f f  t r i t i a t e d  water. Th is  waste conta in ing  

t r i t i a t e d  water can be s tored i n  tanks a t  the power s t a t i o n s  f o r  1 year 

then shipped by t r u c k  t o  d isposal  s i t e s .  

T r i t i u m  produced i n  f i s s i o n  appears i n  wastes from f u e l  reprocessing. 

A few percent may be associated w i t h  the  c ladding,  bu t  most i s  present  

w i t h  t h e  core ma te r ia l s  and i s  eventua l ly  re leased as water vapor t o  t h e  

atmosphere. Future p l a n t s  having head-end operat ions l i k e  "vo lox ida t ion "  

should be ab le  t o  separate and recover the  t r i t i u m  i n  a r e l a t i v e l y  small 

volune. This concentrate could be converted i n t o  a s tab le  s o l i d  form, 

such as Ca(OH)2, packaged, and shipped by t r u c k  f o r  storage o r  d isposa l .  

Tr i t i -um may a c t  d i f f e r e n t l y  i n  LMFBRs than i n  o the r  r e a c t o r  types. 

As much as 95 percent may d i f f u s e  through t h e  s t a i n l e s s  s tee l  c ladd ing 

dur ing  r e a c t o r  opera t ion  and appear as sodium t r i t i d e  sludge i n  pr imary- 

coo lant  c o l d  t raps .  Processes f o r  recovery and packaging of t he  t r i t i u m  

f r o m  LMFBR f u e l s  cou ld  be i n s t a l l e d  a t  power s t a t i o n s  r a t h e r  than a t  f u e l  

reprocessing p l a n t s  (bu t  i f  the  FRP handles more than j u s t  LMFBR waste, 

then t r i t i u m  recovery i s  s t i l l  requ i red  a t  t h e  FRP). 

3.6 WASTE STORAGEID ISPOSAL 

A. Projected Waste Inven to r ies  

The pro jec ted year 2000 accumulations o f  var ious types o f  waste a re  

g iven i n  F igure  7 ,  i n  terms o f  cur ies ,  volume, and thermal generat ion.  

Basical l y  t he  year 2000 s to rage ld i  sposal requirements c o n s i s t  of t h e  

f o l l o w i n g  accumulated inven to r ies  o f  compacted wastes: 19,000 c a n i s t e r s  
( 1 f t  diameter by 10 f t  long) of s o l i d i f i e d  h igh- leve l  waste, a t o t a l  o f  

1.2 x l o 5  ft3; 4.4 x l o 5  ft3 o f  c ladding h u l l s ;  85,000 ft3 o f  t r i t i u m  as 
-- 



Ca(OH)2; 

2200 p s l g  

o f  alpha- 

of a1 pha 

3 720 f t  o f  i o d i n e  as K I ;  15,000 c y l i n d e r s  (50 JI each, under 
8 3 6 3 ) o f  noble gas; 2.6 x 10 ft o f  beta-gamma waste; 3.6 x 10 ft 
6 3 5 3 beta-gamma waste; 8 x 10 ft o f  alpha (Pu) waste; 5.1 x 10 f t  

8 (U) waste; 2 x 10 ga l  o f  t r i t ium-contaminated reac to r  coolant .  

Since t h e  h igh- leve l  waste may be held a t  the  reprocessing p l a n t  f o r  

10 years, o n l y  the pre-1990 h igh- leve l  waste i s  inc luded i n  F igure  7. 

An a d d i t i o n a l  q u a n t i t y  i s  assumed t o  be stored a t  t he  reprocessors. Pa r t  

o f  t h i s  w i l l  be i n  l i q u i d  form. I f  o n l y  the  l i q u i d  from the  th ree most 

recent  years o f  reprocessing i s  unsol i d i f i e d ,  then the  1 i q u i d  h igh - leve l  
6 storage cons is t s  o f  approximately 6 x 10 ga l .  The s o l i d i f i e d  h igh- leve l  

waste stored a t  t h e  reprocessors would be 30,200 can is ters .  

The o the r  waste streams a re  assumed t o  be he ld  a t  t he  p o i n t  o f  o r i g i n  

f o r  one year. Thus t h e  year 2000 storage a t  t h e  p o i n t  o f  waste o r i g i n  

would be approximately the  year 2000 generat ion q u a n t i t y  shown f o r  each 

stream i n  F igure  7. 



4.0 DESCRIPTION OF INTEGRATED FUEL CYCLE FACILITIES (IFCF) CASE 

This sec t ion  describes a poss ib le  system con f igu ra t ion  of U.S. nuclear 

fuel c y c l e  f a c i l i t i e s  f o r  the  year 2000. The con f igu ra t ion  embodies a 

large,  in tegra ted fabrication/processing/storage park termed t h e  In tegra ted 

Fuel Cycle F a c i l i t i e s  (IFCF) case. The f a c i l  i t i e s  assumed for  the  DFCF, 

described i n  Sect ion 3, and t h e  IFCF case a re  compared i n  Table 8. 

For the  IFCF case, t h e  basic demands upon t h e  nuclear fue l  cyc le  

system a re  unchanged. That i s  t o  say, t h e  pro jec ted nuclear generat ing 

capac i ty  and t h e  reac to r  mix, charac te r i s t i cs ,  and regional  d i s t r i b u t i o n  

a re  unchanged. This impl ies  t h a t  the  t o t a l  and reg iona l  requirements f o r  

fuel  f a b r i c a t i o n  and reprocessing a r e  unchanged i n  q u a n t i t y  and reac to r  

t Y  Pe 

Numerous opt ions e x i s t  regarding t h e  types of f a c i l i t i e s  t o  be located 

a t  the  IFCF s i t e .  Some of these opt ions  a re  discussed throughout t h i s  

repor t .  The primary assumption f o r  t h e  present IFCF study i s  t h a t  p o l i c i e s  

and regu la t ions  w i  11 have been formulated and enforced, cons t ra in ing  fuel 

fab r i ca t ion  p lan ts  (mixed oxide, HTGR fuel,  and possib ly UOp), a11 reproces- 

s i n g  p lants,  waste d isposal  f a c i l i t i e s ,  and the topping enrichment p l a n t  t o  

be located a t  one in teg ra ted  s i t e .  For purposes of t h e  present study, t h e  

IFCF s i t e  was taken t o  be t h e  Hanford rese rva t ion  i n  the  s t a t e  of Washington. 

A1 so, t o  provide a basis f o r  comparison o f  IFCF locat ions ,  the  t ranspora t ion  

requirements were examined f o r  the  Southeast FPC region.  Twelve f a b r i c a t i o n  

p lan ts  a r e  assumed, the  same i n  number and capac i ty  as those f o r  the  DFCF 

case. Five m u l t i f u e l  reprocessing p lants ,  each o f  6000 weighted MT capac- 

i t y ,  are  assumed f o r  t h i s  study; b u t  i t  i s  conceivable t h a t  as many as 

e i g h t  such f a c i l i t i e s  w i l l  be i n  operat ion.  Each reprocessing p l a n t  

inc ludes a c a l c i n a t i o n  f a c i  1 i ty .  Two glass p lan ts  (CCFs) a r e  included; 

however, i t  i s  poss ib le  t h a t  a CCF cou ld  be located a t  each reprocessing 

p lant ,  r e s u l t i n g  i n  a t o t a l  o f  f i v e  t o  e i g h t  CCFs. Two f a c i l i t i e s  f o r  

processing alpha waste (e.g., i nc ine ra t ion ,  a c i d  d igest ion ,  etc.) a r e  

envisioned. B u r i a l  o f  beta-gamna waste occurs o n l y  a t  the  in teg ra ted  s i t e .  

I n  add i t ion ,  the  IFCF cou ld  convenient ly  i nc lude  f a c i l i t i e s  f o r  techn ica l  

support personnel and o the r  i n d i r e c t  funct ions.  



TABLE 8. P ro jec ted  F a c i l i t i e s  f o r  DFCF and IFCF Cases 

F a c i l i t i e s  i n  Year 2000 

IFCF Case DFCF Case 

Waste Mgmt. S i t e  (h )  Dispersed S i t es  

Reprocessing 5 (b )  (e )  ,(a] 

Ca l c i na t i on  ,(el 8 

Calcine-To-Glass 
Conversion Faci 1 i t y  2(e)  

Mixed Oxide and 
HTGR Fab r i ca t i on  ,(c) 

U02 Fab r i ca t i on  0 - 6 ( ~ )  

Spent Fuel Storage 5 ( f )  

A1 pha Waste 
Processing 

Ret r ievab le  Storage v 1 
a 1 

S o l i d  Waste 
B u r i a l  (8-v)  1 

Enrichment (Topping) $1 1 

TOTAL 1 s i t e  -- % 10 t o  20 S i t es  -- 

Comprised o f  th ree  6000 MT p lan ts ,  th ree  3000 MT p lan ts ,  and one each a t  
1500 MT and 600 MT. These a re  nominal capac i t i es  f o r  LWR f u e l .  HTGR and 
LMFBR f u e l s  a re  assumed t o  be represented a t  h a l f  the nominal r a t e .  The 
two smal ler  p l a n t s  handle LWR f u e l  only;  the  other  p l a n t s  handle a l l  types 
o f  f u e l .  I f  smal ler  p l a n t s  (e.g., 1500 MT/yr) a re  optimum, t h i s  value 
may be doubled. 
M u l t i f u e l  6000 MT p l a n t s  (weighted f o r  HTGR and LMFBR f u e l s  as i n  
foo tno te  a ) .  
Averaging 2670 MT/yr, bu t  ranging from 1500 t o  4000 MT/yr i n  DFCF. I f  
mixed ox ide and h i gh  enrichment p l a n t s  a re  independent un i t s ,  t he  number 
o f  p l a n t s  may be doubled. 
U02 f a b r i c a t i o n  may be a t  o r  o f f  the  c e n t r a l  s i t e .  
As many as 8 f a c i l i t i e s  o f  t h i s  t ype  a re  conceivable. 
Could conceivably range from 1 t o  8 f a c i l i t i e s .  
Calc ine- to-g lass conversion f a c i l i t y ( i e s )  could be located a t  each 
reprocessing p l a n t .  
Assumed t o  be Hanford f o r  the purposes o f  t h i s  study. 
Alpha waste processing f a c i l  i t i e s  cou ld  be located a t  each reprocessing 
and f a b r i c a t i o n  f a c i l i t y .  
Locat ion o f  the topping enrichment p l a n t  o n s i t e  i n  the  TFCF case i s  
op t i ona l .  



COMPARISON OF DISPERSED AND :INTEGRATED CASES 

The f o l l o w i n g  subsections d iscuss how var ious  parameters i n f l u e n c e  t h e  

d ispersed and i n teg ra ted  concepts. Some o f  t he  parameters considered a r e  

t ranspor ta t i on ,  safeguards, r a d i o l o g i c a l  considerat ions,  and sa fe ty .  

5.1 TRANSPORTATION 

Froni Table 8 and t h e  t e x t  o f  Sections 3 and 4, t h e  t r a n s p o r t a t i o n  

requirements o f  t he  IFCF and DFCF cases f o r  t he  year  2000 can be determined 

f o r  s i t e s  l oca ted  i n  t h e  Northwest (IFCF-NW) and Southeast (IFCF-SE) FPC 

power reg ions .  A summary comparison i s  g iven i n  Table 9. 

5.1.1 Special  Nuclear M a t e r i a l s  

I n  t h e  year  2000, f o r  t he  DFCF approximately 360 MT of p lutonium as 

Pu02 powder w i l l  be shipped by t r u c k  from reprocessors t o  f u e l  f a b r i c a t o r s  

i n  720 shipments o f  0.5 MT each. A t  any t ime, an average o f  2.0 such loads 

(1.0 MT) w i l l  be on the  road. This  f i g u r e  may be o p t i m i s t i c  because the  

reprocessing and f a b r i c a t i o n  p l a n t s  were assumed t o  be loca ted so p r e c i s e l y  

by FPC Region, e f f e c t i n g  a favo rab l y  low average shipping d is tance.  

I n  add i t i on .  25 MT o f  2 3 3 ~  w i l l  be shipped by t r u c k  f o r  HTGR f u e l  

f a b r i c a t i o n  i n  t he  DFCF case. This  w i l l  i n v o l v e  50 shipments, w i t h  an 

average o f  0.14 loaded veh ic les  (0.07 MT) on t h e  road a t  any time. Shipping 

of 93% enr iched 2 3 5 ~  and 40% enr iched 2 3 5 ~  f o r  HTGRs i s  p ro jec ted  t o  invo lve ,  

respec t i ve l y ,  52 and 12 MTIyear, 70 and 24 shipmentslyear, and 0.4 and 0.06 
235 loaded t rucks  i n  t r a n s i t .  O f f s i t e  shipments o f  PuOp, 93% 2 3 5 ~ ~ 6 ,  40% UOp. 

and HTGR-U02 drop t o  zero f o r  t h e  IFCF-NW and IFCF-SE systems. 

5.1.2 Spent Fuel 

Assumed shipment modes f o r  spent f u e l .  f r e s h  f u e l ,  and Pu and HTGR- 2 33u 

are g iven i n  Table 10. The 3.1 MT r a i l  cask o f  ORNL design i s  s l m i l a r  t o  

an IF-300 sh ipp ing  cask c a r r y i n g  an average o f  3.3 MT o f  LWR f u e l  (3.2 MT 

f o r  PWRs and 3.4 MT f o r  BWRs). The LMFBR spent f u e l  cask was assumed t o  

c a r r y  18 assemblies o f  e i t h e r  core  p l u s  a x i a l  b lanke t  o r  r a d i a l  b lanket ,  



TABLE 9. Compari son o f  Transportat ion Requi rements 
i n  the Year 2000 f o r  DFCF and IFCF Cases 

Case 

Fresh Fuel ( a )  
Number o f  shipments 
Met r ic  tonne-miles 
Vehicles i n  t r a n s i t  
Mass heavy metal i n  t r a n s i t ,  tons 

Spent Fuel 
Number o f  shipments 
Me t r i c  tonne-miles 
Vehicles i n  t r a n s i t  
Rad ioac t i v i t y  i n  t r a n s i t .  MCi 

93% 2 3 5 ~ ~ 6 (  b, 

Number of shipments 
Vehicles i n  t r a n s i t  
Mass U i n  t r a n s i t ,  tons 

Plutonium 
Number o f  shipments 
Vehicles i n  t r a n s i t  
Mass Pu i n  t r a n s i t ,  tons 

HTGR-Uranium 0 x i  de(d) 
Number of shipments 
Vehicles i n  t r a n s i t  
Mass U i n  t r a n s i t ,  tons 

40% 2 3 5 ~  
Number o f  shipments 
Vehicles i n  t r a n s i t  
Mass U i n  t r a n s i t  

High-Level S o l i d i f i e d  
Number of shipments 
Vehicles i n  t r a n s i t  
Rad ioac t i v i t y  i n  t r a n s i t .  MCi 

Alpha Sol i d  ~ a s t e s ' q )  
Nuntier o f  shipments 
Vehicles i n  t r a n s i t  
Mass ac t i n i des  i n  t r a n s i t ,  tons 

A l l  o ther  Wastes 
Number of shjpments 

I FCF 
LE(;L yL 

a. U02 p lan ts  located a t  in tegra ted s i t e .  - 

b. I so top i c  composit ion i s  1.0% 2 3 4 ~ ,  93.1% 2 3 5 ~ ,  0.2% 2 3 6 ~ ,  5.7% 2 3 8 ~ .  

C .  I so top i c  composit ion i s  1 .OX 238Pu. 59% 239~u ,  24% 240~u ,  12% 241~u ,  4% 2 4 2 ~ ~ .  

d .  I so top i c  composit ion 1s 0.041% 2 3 2 ~ ,  59.6% 2 3 3 ~ .  26.3% 2 3 4 ~ ,  8% 2 3 5 ~ ,  6.1% 2 3 6 ~ .  

e .  I so top i c  composit ion i s  1.4% 2 3 4 ~ .  40.7% 2 3 5 ~ ,  43.9% 2 3 6 ~ ,  14% 2 3 8 ~ .  

f .  High- level  waste i s  shipped ten years a f t e r  i t  i s  generated i n  reprocessing. 

q .  Wastes are shipped one yea r  a f t e r  generat ion.  



TABLE 10. Sumnar o f  Shi ment Modes f o r  Fuels, Plutonium, Y P HTGR-2 3~ and 3% f o r  Year 2000 

Reactor Type 
LWR-U LWR-PU - HTGR LMFBR - 

Spent Fuels 

Fuel per  shipment, tons 
Truck 
Rai 1 

Pu o r  HTGR-U per shipment , kg 
Truck 
Rai 1 

R a d i o a c t i v i t y  per shipment, M C i  
Truck 
Rai 1 

Thermal power per  shipment, kW 
Truck 
Rai 1 

Fresh ~ u e l  s (a ) 

Fuel per shipment, tons 

Pu o r  HTGR-U per shipment, kg 

Pu, HTGR-U, and 40%-Enriched 2 3 5 ~  

Load per shipment, tons Pu o r  U 0.5 

U F ~  (93% 235U) (a 

Load per shipment, tons U 0.75 

a. Truck shipments a r e  assumed. 

b. Includes 93 and 40% 235" 

about 2 MT o f  f u e l  i n  e i t h e r  case, a1 though i t  i s  poss ib le  t h a t  on l y  s i x  

assembl i e s  (0.68 MT o f  f u e l  ) w i l l  be ca r r i ed .  (9'14) Spent f u e l  shipments 

w i l l  t o t a l  8600 by t r u c k  and 7000 by r a i l .  A t  any time, an average of 

88 shipments w i l l  be i n  t r a n s i t  f o r  the  DFCF case, 307 f o r  IFCF-NW, o r  

164 f o r  IFCF-SE. I n  the  IFCF systems, the  longer shipping d is tances f o r  

spent fuel  r e s u l t  i n  increased m e t r i c  tonne-miles and nurr~bers of veh ic les  



i n  t r a n s i t ,  even though the  numbers o f  shipments and q u a n t i t i e s  o f  ma te r ia l  

a re  unchanged. Spent f u e l  me t r i c  tonne-mi l e s  and shipments i n  t r a n s i t  grow 

by f a c t o r s  o f  approximately 4 and 2, respec t i ve l y ,  f o r  IFCF-NW and IFCF-SE. 

( I f  t h i s  f a c t o r  o f  4 fo r  t he  IFCF-NW system i s  adjusted by the  r a t i o  o f  

route-averaged roadside popu la t ion  d e n s i t i e s  compared w i t h  the  DFCF case, 

the  4 : l  r a t i o  reduces t o  l ess  than 3 : l .  Th is  i s  because a l a r g e  f r a c t i o n  

o f  t h e  a d d i t i o n a l  shipping d is tance l i e s  i n  t h e  sparsely populated Western 

FPC Region. Th is  r a t i o  of 3:1 i s  a simple measure o f  r e l a t i v e  r i s k ,  i n  

terms o f  MT x m i l e s  shipped x people/square m i l e .  ) 

5.1.3 Fresh Fuel 

A t o t a l  o f  29,000 MT w i l l  be t ranspor ted by t r u c k  t o  reac to rs  i n  approxi -  

mately 10,000 shipments. O f  t h e  t o t a l ,  LWR-Pu f u e l  shipments w i l l  be 330, 

HTGR shipments 1000, and LMFBR shipments 4200. A t  any time, the re  a re  pro- 

j e c t e d  t o  be an average o f  26 such shipments i n  t r a n s i t  f o r  t he  DFCF case, 

145 f o r  IFCF-NW, o r  67 f o r  IFCF-SE. Thus f r e s h  f u e l  m e t r i c  tonne-miles and 

shipments i n  t r a n s i t  increase by f a c t o r s  o f  approximately 5 and 2 1/2, respec- 

t i v e l y ,  f o r  IFCF-NW and IFCF-SE systems. I f  t h e  IFCF U02 f a b r i c a t i o n  p lan ts  

a re  dispersed r a t h e r  than in tegra ted,  these r a t i o s  are  approximately halved. 

The p o s s i b i l i t y  has been ra i sed  o f  t r a n s p o r t i n g  mixed-oxide f r e s h  f u e l  

from the IFCF-NW s i t e  t o  eastern LMFBRs by m i l i t a r y  cargo a i r c r a f t  over  most 

o f  t he  route .  Th is  scheme r a i s e s  s i g n i f i c a n t  safeguards quest ions. (15) In 

add i t i on ,  quest ions are r a i s e d  as t o  the  a v a i l a b i l i t y  o f  m i l i t a r y  a i r c r a f t ,  

bases and personnel, e f f e c t s  on na t iona l  secu r i t y ,  t r a n s p o r t  sa fe ty  o f  such 

shipments, avai  l a b i  1 i t y  o f  appropr ia te  shipping conta iners,  and mi 1 i t a r y -  

c i v i l i a n  t ranspor t  i n t e r f a c e s  a t  both ends o f  t h e  a i r  t ranspor t  route.  

A quick est imate o f  the  a i r c r a f t  requirements and the  p r i n c i p a l  e f f e c t s  

on shipping d is tances showed t h e  most promising a i r c r a f t  t o  be the  Lockheed + 

C5A and the  m i l i t a r y  vers ion  o f  the  Boeing 747. Payloads are  i n  the  range o f  

75-100 tons, compared w i t h  40 tons f o r  the  m i l i t a r y  vers ion o f  the  Boeing 

707 and approximately 15 tons f o r  the  B52 bomber. For purposes o f  t h i s  

study, a 75-ton payload was assumed, con ta in ing  approximately 8 MT o f  mixed 



oxide fresh f u e l  . This compares w i t h  t ruck- t ranspor ted pay1 oad conta in-  

i n g  from 1 t o  3  MT o f  mixed oxide f r e s h  f u e l .  The pro jec ted quan t i t y  o f  

mixed oxide f resh f u e l  shipped i n  the  year 2000 i s  5980 MT. 

Three opt ions were examined: (1 ) t ruck  shipments from Hanford t o  

LMFBRs; ( 2 )  t ruck  shipments t o  a  (present ly  nonoperat ional) m i l i t a r y  a i r -  

f i e l d  near Moses Lake, Washington, fo l lowed by m i l i t a r y  a i r  t ranspor t  t o  an 

op t ima l l y  located eastern m i l i t a r y  a i r f i e l d  ( taken t o  be i n  eastern 

Kentucky), f o l  lowed by t ruck  t ranspor t  t o  the  LMFBRs; (3 )  the  same as ( Z ) ,  

b u t  i nco rpo ra t i ng  a i r  shipment t o  5 nonwestern m i  1  i t a r y  a i r f i e l d s ,  1  cen- 

t r a l l y  located i n  each FPC reg ion.  These a i r f i e l d s  were taken t o  be 

located i n  cen t ra l  New York s ta te ,  cen t ra l  Ohio, cen t ra l  Georgia, south- 

c e n t r a l  Oklahoma, and Northeastern Iowa. For the  second and t h i r d  opt ions, 

t ruck  shipments were assumed from Hanford t o  western FPC reg ion LMFBRs. 

Shipments were s tud ied by d i v i d i n g  the  country and the  quan t i t y  o f  

mixed oxide f u e l  by FPC regions, so t h a t  proper weight ing was g iven t o  the 

geographical d i s t r i b u t i o n  o f  LMFBRs. The c a l c u l a t i o n s  and r e s u l t s  a re  

summarized i n  Table 11. The t o t a l  me t r i c  tonne-miles ( a i r  p lus t r u c k )  o f  

t ranspor t  va r ies  o n l y  s l i g h t l y  among the  th ree  schaiies, w i t h  op t ion  2  having 

the  h ighest  number. The e f f e c t  o f  the use o f  ~ i i i l i t a r y  a i r c r a f t  i s  t o  s h i f t  

t he  composition o f  t he  m e t r i c  tonne-miles from 100% t r u c k  i n  op t ion  1  t o  

31% t r u c k  i n  op t ion  2  and 23% t r u c k  i n  op t ion  3. The number o f  me t r i c  

tonne-miles o f  t r u c k  t ranspor t  cannot be reduced by more than a  f a c t o r  

of 4 wi thou t  p r o l i f e r a t i n g  the  number o f  m i l i t a r y  bases involved.  

TABLE 11. Comparison o f  Options f o r  Transport ing 
Mixed Oxide Fresh Fuel 

Me t r i c  Tons Transported Annual l .v /Shi~pinq Distance - .  . .  - 
Option 1  Opt ion 2 Option 3 

Truck/Air/Truck Truck/Air/Truck 
1  Centra l  Eastern 5 (non-West) 

No A i r  Transport A i r f i e l d  Regional A i r f i e l d s  

MT-miles, Truck 9.2 x l o 6  ( l o w )  3.4 x  l o 6  (31%) 2.2 x l o 6  (23%) 

MT-miles, A i r  0  7.6 x l o 6  (69%) 7.5 x  l o 6  (77%) 

MT-mi les,Tota l  9 . 2 ~ 1 0 ~  11.0 x  l o 6  9.7 x  l o 6  



Under o p t i o n  1, the  annual number o f  t r u c k  shipments i s  4600. The 

number o f  such 1 metr ic- tonne shipments i n  t r a n s i t  i s  approximate ly  75. 

Under o p t i o n  2, t h e  annual number o f  a i r  shipments i s  575, o r  approxi -  

mately 2 per  day. Assuming 1 round t r i p  per  day, and a1 lowing f o r  

maintenance and backup, t h e  equ iva len t  exc lus i ve  use o f  th ree  a i r c r a f t  i s  

ind ica ted .  

5.1.4 Waste Streams 

The pro jec ted  q u a n t i t i e s  o f  f u e l  cyc le  wastes ( l ess  ore t a i l i n g s )  t o  

be t ranspor ted  i n  t he  year 2000 a r e  summarized i n  Tab1 e 12. The numbers of 

shipments a r e  g iven i n  t he  case o f  t h e  DFCF system. For t he  IFCF systems, 

t h e  nurr~ber o f  shipments o f  wastes c o l l e c t e d  a t  reac to rs  (o r  a t  d ispersed 

U02 f u e l  f a b  p l a n t s )  i s  t h e  same as t h a t  i n  t h e  DFCF case. The number o f  

o f f s i t e  shipments o f  a l l  o t h e r  wastes i s  zero. (See a l s o  Table 9.) Thus 

the  numbers o f  shipments and the  numbers of veh i c les  i n  t r a n s i t  f o r  h igh-  

l eve l ,  a-6-y, iod ine,  c ladd ing  h u l l s ,  and a waste streams a r e  zero fo r  

IFCF-NW and IFCF-SE systems. 

TABLE 1 2. Waste Transport  Pro jec ted  
f o r  t h e  Year 2000 

Waste Type 

High Level 
Cladding H u l l s  
a-  8-Y 
a- Pu 
a-U 
B-Y 
I o d i n e  
Noble Gases 
T r i t i u m  

Reprocessors 
Reactors 

Approximate 
Q u a n t i t y  

3020 Can is te rs  
0.18 x 106 f t 3  
3.6 x 106 f t 3  

11 x 106 f t 3  
0.83 x 106 f t 3  
17.5 x 106 f t 3  

78 f t 3  
1740 c y l  i nders 

Transport  

R a i l  
R a i l  
Truck 
R a i l  
Rai 1 
Truck 
Truck 
Rai 1 

Truck 
Truck 

Shipments 
DFCF 

250 
51 0 

4900 
1160 

83  
24,760 

16 
330 

For  some waste streams, t he  number o f  veh i c les  i n  t r a n s i t  and t h e  

shipment-miles d i f f e r  between IFCF-NW and IFCF-SE systems, a l though i n  a l l  

cases t h e  number o f  shipments i s  unchanged. For example, t h e  t o t a l  



shipment-miles o f  nonreactor 8-y wastes i s  25% higher f o r  IFCF-NW than f o r  

IFCF-SE, i n  the  case o f  dispersed U02 f u e l  fab  p lants .  The number o f  

shipment-miles o f  wastes c o l l e c t e d  a t  reactors  (8-y t rash,  sludges, and 

res ins ,  tri tium-contaminated coolant  and p a r t  o f  the noble gases) f o r  

IFCF-NW i s  roughly tw ice  t h a t  f o r  IFCF-SE. 

Although the  reac to r -co l l ec ted  wastes a r e  r e l a t i v e l y  low i n  a c t i v i t y ,  

they represent 21,800 annual shipments (56% o f  a l l  waste shipments i n  the  

DFCF case). For t h i s  reason, present pol  i c i e s  regarding dispersed 8-y 

b u r i a l  grounds should be continued. The s i x  e x i s t i n g  comnercial b u r i a l  

grounds, combined w i t h  AEC b u r i a l  grounds, c o n s t i t u t e  a network which i s  

q u i t e  unifornrly d i s t r i b u t e d  geographical ly .  

5.2 SAFEGUARDS 

I n t r o d u c t i o n  and Background 

Un t i  1 recent ly ,  nucl ear mater ia l  s safeguards have been concerned 

w i t h  the  d i v e r s i o n  o f  s u f f i c i e n t  f i s s i o n a b l e  mater ia l  t o  manufacture a 

nuclear explosive. As a r e s u l t  , systems design parameters have included 

the amount, form, and k ind o f  ma te r ia l .  S im i la r  design parameters have 

been devel oped f o r  safeguarding r a d i  o tox i c  ma te r ia l  s from d ispersa l  by 

ac ts  o f  sabotage. 

Highly s t r a t e g i c  mater ia ls ,  such as plutonium and high-enriched 

uranium, and very a t t r a c t i v e  mater ia l  forms such as pure corr~pounds have 

received strongest  p r o t e c t i v e  measures. Mater i  a1 s o f  low-s t ra teg i  c va l  ue, 

such as thorium and low-enriched uranium, and u n a t t r a c t i v e  mater ia l  forms, 

such as waste, scrap, o r  spent fue ls ,  have received the l e a s t  pro tec t ion .  

The amount o f  mater ia l  o f  safeguards importance was c lose ly  r e l a t e d  t o  

the c r i t i c a l  mass. 

I n  the f u t u r e  the concept of s t r a t e g i c  value, whlch i s  the  inherent  

value of the  mate r ia l  as a nuclear explosive, may change due t o  technolog- 

i c a l  advances. Cur rent ly ,  1 ow-enriched 2 3 5 ~  i s  considered t o  have 1 i ttl e 

inherent  s t r a t e g i c  value because o f  the  imnense capabi 1 i t i e s  requ i red t o  



e n r i c h  i t  s u f f i c i e n t l y  t o  be a  nuc lear  exp los ive .  With the  advent of 

technologies which would a l l o w  smal l -scale,  c landest ine  enrichment, t h i s  

form of g rad ing  w i l l  change. 

The o t h e r  grading fac to r  c u r r e n t l y  app l i ed  i s  t h a t  of a t t r a c t i v e n e s s  

o r  c o n v e r t i b i l i t y .  Th is  i s  de f ined as the  ease w i t h  which a  g iven form 

o f  ma te r i a l  can be converted t o  a  form s u i t a b l e  f o r  making a  nuc lear  

explos ive.  The c o n v e r t i b i l i t y  o f  t he  m a t e r i a l  form def ines  the  t ime and 

c a p a b i l i t y  a  successful  d i v e r t e r  would need t o  conver t  a  g iven chemical 

form t o  a  form use fu l  f o r  making a  nuc lear  device, e.g., a  pure metal .  

The a t t r a c t i v e n e s s  o f  any m a t e r i a l  w i l l  increase as o the r  forms become l e s s  

accessib le.  Cur ren t ly ,  spent f u e l  and c e r t a i n  wastes and scrap forms a r e  

considered t o  have c o n v e r t i b i l i t i e s  which prec lude t h e i r  use by an i n d i v i d -  

ua l  (o r  a  small group) d i v e r t e r .  By con t ras t ,  Pu02, U02, UF6 and o the r  pure 

compounds are  considered t o  be h i g h l y  conve r t i b le .  Mixed ox ide  f u e l s ,  

Pu02 - U02, a r e  a l s o  considered t o  be q u i t e  c o n v e r t i b l e  even though a  pre- 

l i m i n a r y  separa t ion  s tep  would be requ i red  t o  i s o l a t e  the  plutonium from 

t h e  uranium m a t r i x .  

P l  utonium ox ide  can be converted t o  p l  u ton i  um metal by d i r e c t  reduc t i on  

of the  ox ide  us ing  ca lc ium metal and i o d i n e  booster t o  p rov ide  t h e  heat 

needed f o r  a  reasonable y i e l d .  To o b t a i n  16 ki lograms of p l u t o n i u ~ n  metal 

requ i res  on the  o rde r  of 18 kg of p lutonium as oxide. Th is  cou ld  be done 

w i t h  a  r a t h e r  crude pressure vessel and heat ing equipment r e a d i l y  a v a i l a b l e  

i n  comnerce. 

To r e a l i z e  the  same 16 kg o f  p lutonium metal s t a r t i n g  w i t h  mixed ox ide 

f u e l  elements requ i res ,  i n  a d d i t i o n  t o  d i r e c t  ox ide  reduct ion,  several 

opera t ing  steps t h a t  i n v o l v e  d i f f e r e n t  equipment and processing c a p a b i l i t i e s  

About 500 kg o f  mixed ox ide  fue l  pel  l e t s  (3  1/2 percent  p lutonium) would be 

requ i red .  The f u e l  elements would have t o  be disassembled, the  mixed ox ide  

pel  l e t s  d i sso l ved  i n  a  d i s s o l v e r  t h a t  i s  c r i t i c a l l y  safe, t he  p lutonium 

then p a r t i t i o n e d  from the  uranium, us ing processes such as so l ven t  ex t rac-  

t i o n  o r  i o n  exchange, and t h e  aqueous p lutonium stream then concentrated 

f o r  e i t h e r  d i r e c t  c a l c i n a t i o n  t o  ox ide  o r  a  combi na t i on  p r e c i p i t a t i o n -  



c a l c i n a t i o n  t o  oxide. However, a s impler  process such as f r a c t i o n a l  pre- 

c i p i t a t i o n  might  g i v e  a ma te r ia l  r i c h  enough i n  plutonium f o r  a crude weapon 

o r  a convinc ing th rea t .  

A l l  aqueous processing would have t o  be done i n  c r i t i c a l l y  sa fe  geome- 

t r i e s  o r  i n  smal l  enough batches t o  prevent  a c r i t i c a l i t y  event. This  

requ i res  degrees o f  processing s o p h i s t i c a t i o n  t h a t  a re  no t  requ i red  t o  

o b t a i n  metal from oxide, t ime t o  c a r r y  o u t  the  processing, and space f o r  

l o c a t i n g  the  processing c a p a b i l i t y .  While metal can be obtained us ing  

mixed ox ide f u e l  elements as the  feed ma te r ia l ,  i t  i s  no t  near ly  so easy 

t o  achieve as i t  would be s t a r t i n g  w i t h  p lutonium oxide. The p u r i t y  o f  

metal  produced from plutonium ox ide  from a f u e l s  reprocessing p l a n t  would 

undoubtedly be much b e t t e r  than t h a t  obta ined f rom mixed ox ide f u e l  

elements because of t h e  fewer processing steps requ i red  i n  crude equipment. 

P u r i t y  would i n f l u e n c e  the  e f fec t iveness  o f  a c landest ine  explos ive.  

The t ime requ i red  t o  produce metal from mixed ox ide f u e l  elements 

would be on the  most o p t i m i s t i c  p r o j e c t i o n  th ree  t o  f i v e  t imes g rea te r  

than the  t ime requ i red  s t a r t i n g  w i t h  p lutonium oxide. 

The t o t a l  mass o f  m a t e r i a l  d i v e r t e d  t o  y i e l d  16 kg o f  p lutonium metal 

would be much g rea te r  f o r  mixed ox ide  f u e l s  than f o r  plutonium d i o x i d e  

(about t h ree  m e t r i c  tons of f u e l  element bundles as compared t o  l e s s  than 

one-hal f  m e t r i c  t o n  o f  p l  utonium d i o x i d e  i n  b i  rdcage conta iners ) .  The 

i n d i v i d u a l  i t e m  mass d i f f e r e n t i a l  i s  nea r l y  t h e  same as t h e  t o t a l  mass 

d i f f e r e n t i a l .  

Prevent ive Measures 

Prevent ive measures i n  f u t u r e  years  a re  expected t o  be app l i ed  t o  a l l  

l o c a t i o n s  ( i n c l  uding t r a n s i t )  where s i g n i f i c a n t  q u a n t i t i e s  and a t t r a c t i v e  

forms of "safeguarded" m a t e r i a l  s  a r e  present.  

1. Faci 1 i t y  Measures 

A t  f a c i l i t i e s  where q u a n t i t i e s  and forms c a l l  f o r  a h igh  degree o f  

safeguards, t he  fo l l ow ing  prevent ive  measures are envisioned: (a )  Double 



or  t r i p l e  b a r r i e r s  t o  prevent  unauthorized en t r y  t o  ma te r i a l s  o r  v i t a l  

areas, as w e l l  as sensing u n i t s  and alarms t o  i n d i c a t e  attempts a t  pene- 

t r a t i o n .  The b a r r i e r s  would a l s o  operate t o  prevent  unauthorized removal 

o f  ma te r i a l s .  ( b )  Moni-tar ing o f  a l l  personnel and veh ic les  en te r i ng  and 

l e a v i n g  v i t a l  areas. Th is  may i nc lude  both search and the  use o f  sensors. 

( c )  Maximized containment o f  a l l  key ma te r ia l s  by use o f  vau l t s ,  h igh-  

s e c u r i t y  s torage areas, and h i g h l y  r e s i s t a n t  conta iners .  Th is  would be t o  

prevent unauthor ized removal as w e l l  as t o  p r o t e c t  aga ins t  " i .n  s i t u "  nuc lear  

explos ions o r  d i spe rsa l  by a c t s  o f  sabotage. (d )  Redundant comnunications 

w i t h  law enforcement bodies i n  the  event o f  a t tack .  (e )  Personnel clearances 

and s e c u r i t y  checks of personnel who have access t o  v i t a l  areas and a t t r a c -  

t i v e  forms of ma te r i a l s .  

2. P r o t e c t i o n  i n  T r a n s i t  

For s i g n i f i c a n t  shipments, the  f o l l o w i n g  measures a re  envisioned: 

( a )  Transport  i n  h i g h - s e c u r i t y  vans o r  t r a i n s  which a re  both d i f f i c u l t  t o  

move and t o  penet ra te  i f  attacked, (b )  Continuous communication 1  i n k s  

between c a r r i e r  and a u t h o r i t i e s ,  both vo ice  comnunication and spec ia l  con- 

t inuous t r a n s m i t t e r ,  ( c )  Special  sh ipp ing  conta iners  f o r  t o x i c  m a t e r i a l s  

which would p r o t e c t  aga ins t  d ispersa l  by sabotage, (d )  Use o f  armed guards, 

e s c o r t  cars, etc . ,  i n  a d d i t i o n  t o  spec ia l  c a r r i e r s .  The e n t i r e  system may 

be placed under mi 1  i t a r y  esco r t  o r  c o n t r o l  . 
It i s  a l s o  poss ib le  t h a t  spec ia l  p r o t e c t i v e  measures cou ld  i n c l u d e  

t r a n s p o r t  i n  mi  1  i t a r y  l and  veh ic les  o r  m i l  i t a r y  a i r c r a f t .  However, t h i s  

l a t t e r  approach presents a  h ighe r  r i s k  o f  d i spe rsa l  i n  t h e  event o f  an a i r -  

c r a f t  acc ident .  Another i n h e r e n t  disadvantage i n  a i r  t r a n s p o r t  i s  t h e  pos- 

s i b l e  d i v e r s i o n  o f  a  shipment t o  a  f o r e i g n  l o c a t i o n  i n  event o f  h i j a c k i n g  

o r  a  d i v e r s i o n  by t h e  p i l o t ( s ) .  Th is  cou ld  be c a r r i e d  o u t  by one person 

and cou ld  lead t o  an i n t e r n a t i o n a l  i n c i d e n t .  

Another concept c u r r e n t l y  under d iscuss ion  i s  t h a t  o f  de l  i b e r a t e l y  

contaminat ing the  nuc lear  m a t e r i a l s  w i t h  a  hard gama e m i t t e r  (e.g.,  c o b a l t )  

t o  discourage d i ve rs ion  and t o  a s s i s t  i n  l o c a t i n g  the  m a t e r i a l  i n  t h e  event  

o f  d i ve rs ion .  



Assurance Measures 

Cur ren t  p o l i c y  dec is ions  i n d i c a t e  a heavy emphasis on ob ta in ing  p o s i t i v e  

and q u a n t i t a t i v e  assurance t h a t  safeguards measures w i l l  be, are, and have 

been e f f e c t i v e .  This  inc ludes  assurance t h a t  proposed measures w i l l  be e f f e c -  

t i v e  be fore  g ran t i ng  a 1 icense, assurance t h a t  i n - p l  ace measures a r e  s a t i s -  

f a c t o r y ,  and independent p u b l i c  assurance t h a t  measures taken by ma te r ia l  

holders have been e f f e c t i v e .  This  emphasis imp1 i e s  c lose  i nspec t i on  and 

eva lua t i on  by an a u t h o r i t a t i v e  pub1 i c  rep resen ta t i ve .  I t  a l s o  imp1 i e s  measure- 

ment technology which i s  capable o f ,  a t  l e a s t ,  p e r i o d i c a l l y  i n d i c a t i n g  t h a t  

the  m a t e r i a l s  o f  concern a re  indeed present  and accounted f o r .  

S i  t i n q  Considerat ions 

Under c u r r e n t  p o l i c y  decis ions,  t he  number, s ize ,  and l o c a t i o n  o f  nuc lear  

f a c i l i t i e s  i s  d i c t a t e d  by f a c t o r s  o t h e r  than safeguards, e.g., heal th,  s a f e t y  

and economics. Only when the  l o c a t i o n  would d e f i n i t e l y  h inder  the capabi 1 i t y  

o f  safeguarding the  ma te r ia l  would s i t i n g  be a safeguards concern. However, 

i t  i s  expected t h a t  t he  remoteness des i rab le  f o r  s a f e t y  reasons would a l so  

be va luab le  i n  reducing the  poss ib le  consequences o f  sabotage. 

Comparison o f  Fuel Cycle Concepts 

For purposes of conrparing fuel c y c l e  concepts, t h e  scope of safeguards 

i s  taken t o  i nc lude  the  f o l l o w i n g :  

D ive rs ion  o f  nuc lear  m a t e r i a l s  which cou ld  be used as nuc lear  

and/or r a d i o l o g i c a l  weapons; 

Acts o f  sabotage aimed a t  

1. ha1 t i n g  nuc lear  product ion, 

2. the  d i spe rsa l  o f  r a d i o t o x i c  ma te r i a l s ,  

3. t he  c r e a t i o n  o f  an i n  s i t u  nuclear  excurs ion .  

Features associated w i t h  each o f  t he  two cases-- in tegrated s i t e s  and 

d ispersed s i t es - -a re  g i ven  i n  Table 13. As shown i n  Table 13, t he  main 

safeguards advantages which accrue t o  the  i n t e g r a t e d  s i t e  are:  

Reduction i n  the  l e v e l  o f  e f f o r t  requ i red  t o  p r o t e c t  aga ins t  the  

d i v e r s i o n  of nuclear  exp los ive  m a t e r i a l s  i n  t r a n s i t  s i nce  o n l y  f r e s h  

and spent f u e l s  a re  shipped. 



Reduct ion i n  the  consequences of sabotage i n  t r a n s i t  s ince  on l y  

fue l  elements a re  shipped i n  open t r a n s i  t - -no  h igh - l eve l  r a d i o a c t i v e  

wastes a r e  shipped o t h e r  than i n  the form of spent f u e l s .  

Concentrat ion o f  the b u l k  hand1 i n g  f a c i l i t i e s  would a l l o w  concen t ra t i on  

o f  i n s p e c t i o n  fo rces  and a l l o w  f o r  enc losure o f  t he  e n t i r e  area i n s i d e  

a  personnel ba r r i e r - -e .g  . , a  fenced and p a t r o l  l e d  r e s t r i c t e d  area. 

The main disadvantages o f  an i n t e g r a t e d  s i t e  stem f rom t h e  concentra-  

t i o n  o f  f a c i l i t i e s  a t  a  s i n g l e  area. Th i s  concen t ra t i on  makes such f a c i l i -  

t i e s  more vu lnerab le  t o  d i r e c t  a t t a c k  by a  f o r e i g n  power. 'There i s  a l s o  a  

p o s s i b i l i t y  t h a t  t h e  r e s u l t s  o f  a c t s  o f  sabotage cou ld  shut  down severa l  

f a c i l i t i e s  because o f  t h e i r  c l ose  p rox im i t y .  

One impor tan t  aspect  o f  d i v e r s i o n a r y  safeguards n o t  p r o p e r l y  compared 

i n  Table 13 i s  t h e  r i s k  o f  d i v e r s i o n  by "key i n s i d e r s . "  For d i v e r s i o n  by 

t r u s t e d  i n s i d e r s ,  t h e r e  i s  l i t t l e  advantage o f  one concept over another .  

The i n t e g r a t e d  s i t e  concept has one advantage i n  t h a t  t h e  ou te r  b a r r i e r  

would presumably be manned by a  guard f o r c e  which i s  independent o f  t h e  

companies us ing  t h e  i n t e g r a t e d  s i t e .  Other than t h i s  d i f f e r e n c e ,  t h e  r i s k  

o f  d i v e r s i o n  by i n s i d e  forces i s  about t he  same f o r  e i t h e r  case, except  i n  

t r a n s p o r t a t i o n  because two complete 1  i n k s  o f  t r a n s p o r t a t i o n  a r e  e l  im ina ted  

by an IFCF. 

Whi le a i r  t r a n s p o r t  would reduce s u b s t a n t i a l l y  t h e  number o f  sur face  

m i l e s  o f  t r a n s p o r t ,  i t  would c r e a t e  the  minimum number o f  key i n s i d e r s  

needed t o  c r e a t e  t h e  maximum t h r e a t .  

For t he  t h r e a t  o f  d i v e r s i o n  posed by o u t s i d e  fo rces ,  t h e  i n t e g r a t e d  

s i t e  concept has severa l  d i s t i n c t  advantages. These i n c l u d e  the  enhance- 

ment o f  p r o t e c t i v e  measures as w e l l  as t h e  d e t e c t i o n  o f  l o s s  o r  an abnormal 

event. The p r o x i m i t y  o f  bu l  k  processi  ng f a c i  1  i t i e s  would a1 low concen t ra t i on  

o f  i nspec to r  and guard fo rces .  The c o s t  o f  p r o t e c t i v e  measures f o r  nuc lear  

m a t e r i a l s  i n  o f f s i t e  t r a n s i t  would reduce t o  t h a t  o f  p r o t e c t i n g  f r e s h  f u e l  

shipments t o  reac to rs .  A l l  shipments o f  bu l k  forms o f  pure PuO,, enr iched 
L 

U02 o r  UF6, and 2 3 3 ~ 0 2  would take  p lace  w i t h i n  t he  nuc lear  park. Here 

t r a n s i t  d is tances  would be s h o r t  and presumably p r o t e c t i o n  cos ts  lower  

than f o r  c ross-count ry  t r a n s i t .  



TABLE 13. Comparison M a t r i x  f o r  S i t i n g  Impact on Safeguards 

Dispersed  S i t e s  I n t e g r a t e d  S i t e s  
Cons ide ra t i on  On-Si t e  O f f - S i  t e  On-Si t e  O f f  -S i  t e  

1. A t t r a c t i v e n u c l e a r  P u r e f o r m s o f P u ,  A l l  f o r m s i n  Pure forms o f  Pu Spent and 
e x p l o s i v e  m a t e r i a l  s  2 3 5 ~ ~  2 3 3 ~  t r a n s i t  2 3 5 ~ ~  23311 f r e s h  f u e l  

i n  t r a n s i t  

2. Rad io tox i c  m a t e r i a l s  A l l  t o x i c  A1 1  t o x i c  mate- A1 1  t o x i c  
m a t e r i a l s  r i a l s  i n  t r a n s i t  m a t e r i a l s  

Spent f y t j j s  and f r e s h  
Pu and U  f u e l  i n  t r a n -  
s i t ,  no waste i n  t r a n s i t  

3. V u l n e r a b i l i t y  t o  A l l  f a c i l i t i e s  A1 1  forms i n  A l l  f a c i l i t i e s  Spent f u e l  and f r e s h  
sabotage vu l ne rab le  - b u t  t r a n s i t  v u l n e r a b l e  - p l u s  Pu and 2 3 3 ~  f u e l  i n  t r a n -  

no i n t e r a c t i o n  i n t e r a c t i o n  from s i t ,  no waste i n  t r a n s i t  
cn be tween c l o s e  p r o x i m i t y  -. f a c i l i t i e s  

4. V u l n e r a b i l i t y  t o  Dispersed t a r g e t  - - 
f o r e i g n  a t t a c k  

Concent ra ted  t a r g e t  -- 
f o r  f o r e i g n  a t t a c k  

5. B e n e f i t s  and Main b e n e f i t  o f  d i spe rsed  s i t e s  i s  Main b e n e f i t s  a r e  a  r e d u c t i o n  i n  t h e  
problems i n  regard  t o  f o r e i g n  a t t a c k  and t o  r i s k s  encountered i n  t r a n s i t  s i n c e  a l l  

i n t e r a c t i v e  e f f e c t  i n  case o f  sabo- a t t r a c t i v e  forms a r e  i n  c l o s e d  o r  o n s i t e  
tage.  Main d isadvantages a r e  t h e  t r a n s i t  on l y .  I t  a l s o  would a l l o w  concen- 
spreading o f  p r o t e c t i v e  f o r c e s  and t r a t i o n  o f  p r o t e c t i v e  f o r c e s  and a l s o  con- 
t h e  inc reased r i s k  o f  a l l  m a t e r i a l s  c e n t r a t i o n  o f  b a r r i e r s .  Disadvantages 
i n  t r a n s i t .  stem m o s t l y  from c o n c e n t r a t i o n  o f  t a r g e t  

i n  case o f  f o r e i g n  a t t a c k  and i n t e r a c t i o n  
e f f e c t  o f  sabotage. 



The in teg ra ted  s i t e  concept would a l s o  enhance several aspects o f  

de tec t ion .  It would ease the  problem o f  de tec t i ng  unauthorized e n t r y .  

Presumably, guard forces, b a r r i e r s ,  alarm systems, e t c .  , cou ld  be concen- 

t r a t e d  t o  g i v e  a  double l a y e r  o f  p ro tec t i on .  Secondly, i nven to ry  checks 

on m a t e r i a l s  i n  o n s i t e  t r a n s i t  could be completed more r a p i d l y .  This  

would be p a r t i c u l a r l y  impor tan t  i n  reducing t ime delays f o r  ma te r i a l  i n  

o n s i t e  t r a n s i t  and f o r  r e s o l v i n g  any ma te r ia l  t r a n s f e r  d iscrepancies.  

The concent ra t ion  and c lose  coup l ing  o f  operat ions would f a c i l i t a t e  inspec- 

t i o n  a c t i v i t i e s  aimed a t  measurivg compliance and i n  a c t u a l l y  v e r i f y i n g  

ma te r ia l  q u a n t i t i e s .  

The IFCF may a l s o  have some advantage t o  i n t e r n a t i o n a l  safeguards. If 
the  U.S. f a c i l  i t i e s  which a r e  placed under i n t e r n a t i o n a l  safeguards were 

l oca ted  a t  an i n t e g r a t e d  f a c i l i t y ,  i t  would l i k e l y  reduce i n t e r n a t i o n a l  

i nspec t i on  c o s t  due t o  the  p r o x i m i t y  o f  the  f a c i l i t i e s  under IAEA 

inspect ion .  

5.3 WASTE MANAGEMENT IMPACT 

To a  f i r s t  approximation, t h e  q u a n t i t i e s  o f  waste generated i n  t h e  IFCF 

case a r e  somewhat reduced b u t  would be i n  the  same range as those f o r  the  

DFCF case. Increases i n  reprocessing p l a n t  s i z e  and improved technology 

cou ld  reduce t h e  q u a n t i t y  o f  waste generated. 

The IFCF system o f f e r s  a t t r a c t i v e  p o s s i b i l i t i e s  f o r  waste management. 

Calcined h igh - leve l  waste can be a lmost  immediately t rans fe r red  o n s i t e  t o  

the  g lass  p l a n t  repos i to ry .  Because o f  o n s i t e  shipping and -improved han- 

d l i n g  techniques, o t h e r  nonreactor waste streams would probably be he ld  on l y  

f o r  very  s h o r t  per iods  a t  the  p o i n t  o f  o r i g i n  (compared w i t h  a  probable 
1-year holdup i n  t he  DFCF case), fol lowed by t r a n s f e r  t o  t he  o n s i t e  r e p o s i t o r y .  

All o f  these p rac t i ces  have the  e f f e c t  o f  g r e a t l y  reducing t h e  inven-  

t o r i e s  o f  wastes i n  o the r  than f i n a l  o r  improved forms, a t  reprocessing 

and f a b r i c a t i o n  p lan ts .  ( ~ n  t h e  year  2000, w i t h  1-year holdup a t  the,  p o i n t  
* 

of o r i g i n ,  such i n v e n t o r i e s  would otherwise c o n s t i t u t e  more than 10% o f  



t he  accumulated [since 19731 volume and r a d i o a c t i v i t y  o f  most waste streams .) 

This  e f f e c t  i s  i n  a d d i t i o n  t o  the  b e n e f i t  o f  having a l l  waste i n  one geo- 

graphic l o c a t i o n ,  i f  no t  i n  one storage f a c i l i t y .  

A major  waste management impact l i e s  i n  t he  area o f  decontaminat ion 

and decomnissioniug (D & D). The q u a n t i t y  o f  such wastes would be reduced 

by v i r t u e  o f  economies o f  sca le  and g rea te r  c o n t r o l  over p l a n t  design. The 

c l o s e r  c o n t r o l  over design cou ld  a l s o  f a c i l i t a t e  s imp ler  D & D operat ions.  

Transpor ta t ion  o f  D & D waste would be minimized. The IFCF would a l s o  

prov ide a s u f f i c i e n t  base l oad  t o  a l l o w  a more economical, c e n t r a l i z e d  

D & D operat ion.  

With t h e  dispersed p lan ts ,  each operator  o f  reprocessing o r  f u e l  f a b r i -  

c a t i o n  p l a n t s  must develop processes f o r  scrap recovery, waste reduct ion ,  

temporary waste storage and waste t ranspor t .  With t h e  IFCF concept bo th  

i n d u s t r i a l  p a r t i c i p a t i o n  and techn ica l  expe r t i se  could be more e f f e c t i v e l y  

d i r e c t e d  toward waste management problems. 

A number of common support f a c i l i t i e s  cou ld  be used a t  an IFCF, s imul-  

taneously reducing the  o v e r a l l  c a p i t a l  investment and opera t ing  cos ts  and 

increas ing  t h e  r e l i a b i l i t y .  I n  t h e  d ispersed case, many serv ices  a re  

requ i red  t o  be redundant such as e l e c t r i c  power (and emergency generators) ,  

water: systems and o ther  equipment f o r  f i r e  p r o t e c t i o n .  Most s i g n i f i c a n t  would 

probably be e f f l u e n t  treatment,  p a r t i c u l a r l y  gas e f f l u e n t s .  Were a sand f i l t e r  

requ i red  f o r  u l t i m a t e  cleanup, one such system would c e r t a i n l y  be more economi- 

c a l l y  constructed.  Thus w i t h  t h e  oppor tun i t y  i n  an IFCF o f  channe l l ing  a l l  

gaseous e f f l  uents i n t o  a s i  ngl e system, t h e  i dea l  o f  "zero-release" becomes 

more r e a d i l y  achievable.  

F igure  8 il l u s t r a t e s  poss ib le  m a t e r i a l  f l o w  and/or t reatment  opt ions 

f o r  waste management a t  an IFCF s i t e .  The waste management advantages 

resu l  t i n g  from an IFCF a r e  many and var ied .  I n  general , the placement of 

mu1 t i p l e  f u e l s  processing and m u l t i p l e  f u e l s  f a b r i c a t i o n  f a c i l i t i e s  a t  one 

s i t e  a l lows the  c o n s o l i d a t i o n  o f  s p e c i f i c  waste types f o r  treatment i n  
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cen t ra l  (comnon) f a c i l i t i e s .  This includes, bu t  i s  n o t  l i m i t e d  to,  a cen- 

t r a l  1 )  g lass p l a n t  f o r  h igh- leve l  waste, 2)  h u l l s  processing p lan t ,  3)  equip- 

ment decontaniination f a c i l  i ty ,  4) equipment r e p a i r  and/or salvage f a c i l  i ty, 

5)  ox ida t ion  f a c i l  i t y  ( i nc ine ra to r ) ,  6) equipment (metal ) treatment (consol i- 

dat ion )  f a c i l i t y ,  7 )  a c t i n i d e  salvage f a c i l i t y ,  8 )  aqueous waste from f u e l s  

f a b r i c a t i o n  scrap processing f a c i l i t y ,  9 )  niiscellaneous (other than h igh 

l e v e l ,  i nc lud ing  a c t i n i d e )  waste i r rmobi l i za t ion  f a c i l i t y ,  and 10) decomnis- 

s ion ing f a c i l  i t i e s .  

Many o f  these a c t i v i t i e s  would n o t  be r e a l i s t i c i a l l y  f e a s i b l e  i n  the  

dispersed case. I f  they were c a r r i e d  o u t  under t h e  dispersed case, they 

would r e s u l t  i n  more contaminated f a c i l i t i e s  and equipment than they would 

i n  cen t ra l i zed  f a c i l i t i e s .  The base load f o r  a cen t ra l  f a c i l i t y  would be 

l a r g e  a t  an e a r l i e r  date, thereby prov id ing the  need f o r  technology and 

f a c i l i t i e s .  As a r e s u l t ,  the  u l t i m a t e  treatment o f  t h e  wastes t o  p lace them 

i n  disposal o r  long-tern1 storage would be r e a l  ized a t  a much e a r l i e r  date. 

Decomnissioning 

Included i n  t h e  p lanning f o r  any nuclear f a c i l i t y  should be plans f o r  

decomnissioning t h e  p lan ts  a t  the  end o f  t h e i r  usefu l  l i f e .  Since the  

u l t i m a t e  r e p o s i t o r y  f o r  nuclear i ndus t ry  wastes may n o t  be a t  the IFCF, the  

o b j e c t i v e  o f  a program f o r  decomnissioning should be t o  leave the land i n  

as near the  natura l  c o n d i t i o n  as possib le.  The land should be placed, there-  

fo re ,  i n  a reusable cond i t i on  w i t h  no specia l  precautions necessary. 

With these ob jec t i ves  i n  mind, the  f o l l o w i n g  gu ide l ines  f o r  physical  

c o n d i t i o n  and r a d i a t i o n  l e v e l s  a re  useful. The s i t e  o r  p l a n t  l o c a t i o n  w i t h i n  
the  IFCF should requ i re  no su rve i l l ance  a f t e r  a d e f i n i t e  period, say 50 years. 

There should be no pathway t o  man v i a  food chains open f o r  rad ioac t i ve  and 

nonradioact ive wastes from any p o t e n t i a l  use o f  t h e  s i t e .  During the 
50 years there  should be p r o t e c t i o n  of casual p u b l i c  f rom any res idua l  

r a d i a t i o n .  

The IFCF a l lows fo r  an o v e r a l l  decomnissioning p lan t h a t  could use the  

other f a c i l i t i e s  o f  t h e  s i t e  t o  maximum advantage f o r  decomnissionining. 

F a c i l i t i e s  s t i l l  operat ing cou ld  process equipment o r  contaminated s t r u c t u r a l  



mate r ia l s  o r  s o i l s  t h a t  came f rom a decomnissioned p l a n t .  This  r e q u i r e s  t h a t  

p lanning t o  be decomnissionable should come i n t o  t h e  i n i t i a l  phases o f  t h e  

IFCF development. The i nven to ry  of r a d i o a c t i v e  m a t e r i a l s  and s i t e  desc r ip -  

t i o n  developed i n  the  s i t e  s e l e c t i o n  procedure w i l l  p rov ide  the  guide1 ines 

f o r  r e t u r n  o f  t h e  decomnissioned s i t e  as n e a r l y  t o  i t s  o r i g i n a l  s t a t e  as 

possib le.  The decomnissioning p lan  would be i d e n t i f i e d  i n  the  envi ror~mental  

impact statement prepared f o r  t h e  s i n g l e  s i t e .  The cont inued use o f  t h e  

p l a n t s  opera t ing  w i t h i n  t h e  IFCF t o  decomnission de func t  p l a n t s  should 

g r e a t l y  s i m p l i f y  t h e  environment31 irr~pact ana lys i s  f o r  t he  IFCF compared 

t o  t h e  DFCF case. 

Design f o r  decomnissioning should be developed based on t h e  process 

c a p a b i l i t i e s  t o  be i n s t a l l e d  a t  t he  IFCF. For example, c a p a b i l i t y  and 

capac i t y  i n  f u e l  processing, r e a c t o r  and s t r u c t u r a l  m a t e r i a l s  recyc le ,  and 

waste management p l a n t s  could be used fo r  processing contaminated components. 

De ta i l ed  requirements f o r  decomni ss ion ing  would i d e n t i f y  a d d i t i o n a l  support  

f a c i l i t i e s ,  o r  spec ia l  processes m igh t  be i n s t a l l e d  a t  these ongoing opera- 

t i o n s  t o  accomplish t h e  decomnissioning and d isposa l .  

Depending upon t h e  d e t a i l s  developed i n  a p l a n  f o r  decomnissioning an 

opera t ing  p lan t ,  spec ia l  methods o r  m a t e r i a l s  o f  c o n s t r ~ ~ c t i o n  m igh t  be 

requ i red .  Massive s t r u c t u r e s  t h a t  remain a f t e r  a l l  opera t ing  components 

a r e  d ismant led may be decontaminated s u f f i c i e n t l y  t o  be considered nonhaz- 

ardous. These massive s t r u c t u r e s  can themselves be converted t o  engineered 

r e p o s i t o r i e s  f o r  o ther  s t r u c t u r a l  components o r  s l i g h t l y  contaminated s o i l  

f rom t h e  p l a n t  v i c i n i t y .  'The s t r u c t u r e s  could be considered as engineered 

storage o f  these m a t e r i a l s  t o  pe r r r~ i t  decay o f  r a d i o a c t i v i t y  f o r  t h e  expected 

1 i f e t i m e  o f  t h e i r  phys ica l  i n t e g r i t y .  However, a shor ter ,  c l e a r l y  de f ined 

per iod  (50 o r  100 years)  would be b e t t e r  f rom t h e  environmental s a f e t y  

s tandpoint .  

5.4 RADIOLOGICAL CONSIDERATIONS 

The f o l l o w i n g  d iscuss ion  addresses, i n  a gener ic  sense, t h e  r o u t i n e  

re lease r a t e s  o f  rad ionuc l ides  from uranium enrichment f a c i l i t i e s ,  f ue l  

f a b r i c a t i o n  p lan ts ,  reprocessing p l a n t s  and i n t e r i m  waste storage f a c i l i -  

t i e s  associated w i t h  an i n t e g r a t e d  f u e l  c y c l e  f a c i l i t y  (IFCF). The 



r a d i a t i o n  doses r e s u l t i n g  from such re leases are  summarized b r i e f l y ,  bu t  

d e t a i l s  o f  t he  dose c a l c u l a t i o n s  are  no t  presented. Depending upon the  

ac tua l  s i t e  c h a r a c t e r i s t i c s ,  t he  r a d i o l o g i c a l  impact cou ld  be d i f f e r e n t  

than der ived here f o r  the  gener ic  s i t e ,  bu t  i n  a1 1  p r o b a b i l i t y  the  n e t  

impact would no t  be s i g n i f i c a n t l y  g rea te r  because o f  the  conservat ive 

assumptions employed. P r i n c i p a l  a t t e n t i o n  i s  d i r e c t e d  t o  the  est imated 

r a d i a t i o n  doses rece ived by man. Experience a t  ope ra t i vg  nuc lear  f a c i l i t i e s  

has shown tha t ,  b a r r i n g  unusual circumstances, r e g u l a t i o n  o f  r a d i a t i o n  

doses received by man t o  l e v e l s  cons i s ten t  w i t h  c u r r e n t l y  accepted guide1 ines  

w i l l  ensure t h a t  the  doses t o  o ther  b i o t a  a re  inconsequent ia l .  

Primary r a d i o l o g i c a l  s a f e t y  advantages o f  s i t i n g  a l l  o f  the  f u e l  repro-  

cessing, waste management and i n t e r i m  storage f a c i l i t i e s  a t  an IFCF i n c l u d e  

1  ) e l  im ina t i on  of t r a n s p o r t a t i o n  over publ i c  highways o f  c e r t a i n  h i g h l y  r a d i o -  

a c t i v e  m a t e r i a l s  between the  several process stages, 2 )  the  increased d i s -  

tance between the  f a c i l i t i e s  and the  s i t e  boundary, and 3 )  s u f f i c i e n t  space 

t o  b u i l d  a d d i t i o n a l  f a c i l i t i e s  as requ i red  w i thou t  ded ica t i ng  new s i t e s  t o  

long-term r a d i o l o g i c a l  r e s t r i c t i o n s .  

The major disadvantage i s  t h a t  the t o t a l  q u a n t i t y  o f  r a d i o a c t i v e  e f f l u e n t s  

i s  discharged t o  a i r  and water a t  a  s i n g l e  s i t e .  There would no t  seem t o  be 

insurmountable problems w i t h  the  corr~bined re1  eases t o  the  atmosphere s ince the 

f a c i l i t i e s  would be separated f rom each o the r  and from the general publ i c .  

The r a d i o l o g i c a l  impact o f  re leases of rad io iod ine  and noble gases t o  

the  atmosphere from f u e l  reprocessing p l a n t s  i s  d i f f i c u l t  t o  q u a n t i f y  w i t h -  

ou t  d e t a i l e d  c a l c u l a t i o n s  of t he  c o n t r i b u t i o n  from each source t o  the  t o t a l  

dose. The popu la t ion  dose was approximated by assuming a1 1  o f  t h e  re leases 
occurred a t  some one p o i n t ,  an e f f e c t i v e  average d is tance from t h e  boundary. 

On t h i s  basis ,  i t  was est imated t h a t  t h e  to ta l -body  popu la t ion  dose from 

a l l  sources combined could be r e s t r i c t e d  t o  no more than 20 t o  30 man-remlyr. 

With an i o d i n e  removal DF ( i n  the  e f f l u e n t  t reatment  processes) o f  approxi -  
3  

mate ly  10 the  popu la t ion  t h y r o i d  dose cou ld  be h e l d  t o  about 2000 man- 

thyro id-rem/yr  . 



The maximum i n d i v i d u a l  dose would probably be, t o  an i n f a n t  consuming 

m i l k  from a cow pastured a t  t he  Exclus ion Zone Boundary (EZB) l o c a t i o n  w i t h  

t h e  h ighes t  atmospheric d i l u t i o n  f a c t o r  (20 km SE). Th i s  dose would be 
3 about 26 mrem/yr w i t h  an i o d i n e  DF o f  10 . Even though t h i s  dose may be 

acceptable as a design guide, i t  would be prudent t o  p l a n  f o r  a DF of 10 4 

so t h a t  t he  i n d i v i d u a l  dose cou ld  be reduced t o  2.6 mrem and t h e  popu la t i on  

dose cou ld  be reduced t o  200 man-thyroid-rem. On the  o the r  hand, decreas- 

i n g  t h e  EZB d i s tance  i n  t h e  SE d i r e c t i o n  from 20 km t o  10 km would n e a r l y  

double t h e  doses associated w i t h  t h e  gaseous e f f l u e n t s  re leased a t  t h e  

f u e l s  reprocessing p l a n t .  

These popu la t i on  doses a t  t h e  IFCF would be about 20% t o  30% o f  those 

rece ived if t h e  f u e l  reprocessing f a c i  1  i t i e s  were dispersed. However, t he  

major c o n t r i b u t o r  t o  t h e  popu la t ion  doses ( b a r r i n g  acc iden ta l  re1  eases) 

would r e s u l t  f rom t h e  t r a n s p o r t a t i o n  o f  i r r a d i a t e d  f u e l  and s o l i d  wastes 

f rom power reac to rs  t o  t h e  reprocessing and waste storage s i t e s .  These 

doses amount t o  about 3000 man-rem/yr t o  t he  general popu la t i on  and 

5000 man-rem/yr t o  t r a n s p o r t  workers under t h e  d ispersed concept. These 

doses would be about 3 t imes as h igh  under the  IFCF because o f  t h e  increased 

t r a n s p o r t a t i o n  d i  stances. 

The o n l y  savings i n  general popu la t i on  t r a n s p o r t a t i o n  dose under t h e  

IFCF concept would be t h e  shipments between the  f u e l  f a b r i c a t i o n  and 

reprocessing f a c i l i t i e s  and t h e  waste b u r i a l  o r  s torage s i t e s .  These 

l a t t e r  doses would account f o r  about 300 man-rem i n  t h e  year  2000 under 

t h e  DFCF concept. 

I n  e i t h e r  case, t h e  r a d i a t i o n  doses rece ived by t h e  popu la t i on  would 

be smal l  compared t o  the  dose rece ived from na tu ra l  background r a d i a t i o n ,  

which amounts t o  about 100 t o  200 rnrem/yr i n  t h e  U . S., depending upon the  
5 

l o c a t i o n .  For example, t he  approximately 3 x 10 persons i n  t h e  v i c i n i t y  

o f  t h e  IFCF i n  the  yea r  2000 would r e c e i v e  an i n t e g r a t e d  popu la t i on  dose of  
4 about 4 x 10 man-rem/yr from n a t u r a l  background. 



The c o n t r i b u t i o n  t o  employee exposures a t t r i b u t a b l e  t o  e f f l u e n t s  d i s -  

charged by ad jacen t  f a c i l i t i e s  i s  n o t  expected t o  inc rease  t he  occupat iona l  

exposure s i g n i f i c a n t l y  above t h a t  r ece i ved  a t  separated f a c i l i t i e s .  

The IFCF, l oca ted  a t  a  s i n g l e  s i t e ,  would reduce t h e  r a d i o l o g i c a l  

impact  by p r o v i d i n g  a  l a r g e r  s i t e  boundary d i s tance  and by reduc ing  t h e  

need f o r  t r a n s p o r t a t i o n  o f  r a d i o a c t i v e  and o t h e r  hazardous m a t e r i a l s ,  e.g., 

Pu, through t h e  p u b l i c  domain. On t h e  o t h e r  hand, t h e  r a d i a t i o n  doses 

rece i ved  by t h e  few i n d i v i d u a l s  l i v i n g  near t h e  s i t e  boundary cou ld  be 

somewhat h i ghe r  a t  an IFCF than  a t  d ispersed  f a c i l i t i e s  because o f  t h e  

g r e a t e r  q u a n t i t i e s  o f  r a d i o n u c l i d e s  re leased  t o  t h e  environment f r om a  

r e l a t i v e l y  compact group o f  f a c i l i t i e s .  

5.4.1 Cont ro l  o f  Rad ioac t i ve  E f f l u e n t s  

A l l  i n d u s t r i a l  p l a n t s  hand l i ng  r a d i o n u c l i d e s  have r a d i o a c t i v e  waste 

(radwaste) systems t h a t  t r e a t  t h e  waste streams c o n t a i n i n g  rad ionuc l  ides.  

These systems a re  r e f e r r e d  t o  as t h e  l i q u i d ,  gas o r  s o l i d  radwaste systems 

i n  accordance w i t h  t h e  phys i ca l  fo rm o f  t h e  waste streams be ing  t r e a t e d .  

The purpose o f  t h e  radwaste systems i s  t o  m in im ize  re l ease  o f  r a d i o n u c l i d e s  

t o  t h e  env i ro r~ment  and t h e  consequent r a d i a t i o n  dose t o  t h e  general  p u b l i c .  

The radwaste systems can be designed f o r  a l l  degrees o f  t r ea tmen t  f rom 

e s s e n t i a l l y  ze ro  up t o  very  s o p h i s t i c a t e d  systems which r e s u l t  i n  v i r t u a l l y  

no re l ease  o f  r a d i o n u c l i d e s  t o  t h e  environment. The c o s t s  f o r  ope ra t i ng  

these systems a l s o  have a broad range f rom a  low v a l u e  f o r  minimal t r e a t -  

ment up t o  h i g h  va lues f o r  s o p h i s t i c a t e d  t reatment .  

The AEC has a  general  p o l i c y  t h a t  t h e  r a d i a t i o n  dose rece i ved  by t he  

general  p u b l i c  s h a l l  be "as low as p r a c t i c a b l e , "  which i s  de f i ned  as "as low 

as i s  p r a c t i c a b l y  ach ievab le  t a k i n g  i n t o  account t h e  s t a t e  o f  technology and 

t he  economics o f  improvement i n  b e n e f i t s  t o  t h e  p u b l i c  h e a l t h  and sa fe ty  

and i n  u t i l i z a t i o n  o f  a tomic energy i n  t h e  p u b l i c  i n t e r e s t .  "(*I Th is  has 
been t r a n s l a t e d  i n t o  des ign guides, i n  proposed Appendix I t o  10 CFR 50, 

which de f i nes  t h e  ter l i i  "as low as p r a c t i c a b l e "  i n  r e l a t i o n  t o  r a d i a t i o n  

doses t h a t  t h e  genera l  pub1 i c  m igh t  r e c e i v e  as a  r e s u l t  o f  r ad ionuc l  i d e  



re leases f rom nuc lear  power p lan ts .  Such design guides have n o t  been pro- 

posed f o r  f a c i l i t i e s  o the r  than L i g h t  Water Reactor (LWR) power p lan ts ,  bu t  

when issued they  w i l l  probably be based upon a  c o n t r o l  phi losophy s i m i l a r  

t o  t h a t  used f o r  t h e  LWRs. For reprocessing p l a n t s  t h i s  may be a  ve ry  

severe l i m i t a t i o n  s ince  the  very na ture  o f  t he  process i s  t o  re lease the  

f i s s i o n  products from the  f u e l .  

The r a d i a t i o n  dose rece ived by the  general pub l i c ,  as a  r e s u l t  o f  

rad ionuc l i de  re lease fro111 a  p lan t ,  depends p r i m a r i l y  on the  design o f  the  

radwaste systems; t he  d i s tance  between t h e  p l a n t  and the  nearest  members 

o f  t he  general pub1 i c ,  and the  pathways f o r  rad ionuc l i de  t r a v e l  t o  t he  

pub l i c .  Of p a r t i c u l a r  importance i s  t h e  t h y r o i d  dose t o  i n f a n t s  consuming 

m i  1  k con ta in ing  r a d i o i o d i n e  f rom the  air-grass-cow-mi 1  k pathway. The repro-  . 
cessing p l a n t s  s i t i n g  document ORNL-4451 s ta tes  t h a t  p l a n t s  o f  capac i t y  

of g rea te r  than 6 t o  10 m e t r i c  tons/day o f  LWR f u e l  w i l l  have t o  have more 

e f f i c i e n t  i o d i n e  removal equipment than t h a t  demonstrated i n  present  techno l -  

ogy. I f  LMFBR f u e l  s, cooled 90 days, were t o  be processed, t he  i o d i n e  

removal e f f i c i e n c y  would have t o  be improved two orders  o f  magnitude over 

present  technology. I t  may be t h a t  these f u e l s  w i l l  have t o  be cooled t h e  

same l e n g t h  o f  t ime  as the  LWR f u e l s  (150 days). 

Each o f  t h e  several types o f  nuc lear  f a c i l i t i e s  expected t o  be l oca ted  

w i t h i n  an IFCF w i  11 r o u t i n e l y  re lease r a d i o a c t i v e  gases, 1  i qu ids ,  and/or 

s o l i d s  t o  t h e  environment under the  " low as p r a c t i c a b l e "  phi losophy. I n  

a  general way, t h e  t o t a l  impact o f  t h e  f a c i l i t i e s  i s  the  sum o f  t h e  impacts 

caused by each f a c i l i t y .  However, t he  i n d i v i d u a l  s  r e c e i v i n g  the  h ighes t  

doses w i l l  n o t  necessari  l y  be i d e n t i c a l  f o r  each geographical l y  separated 

f a c i l i t y ,  and the  doses t o  the  maximum i n d i v i d u a l  w i l l  n o t  necessa r i l y  be 

complete ly  a d d i t i v e ,  e s p e c i a l l y  i n  the  ins tance o f  gaseous e f f l u e n t s .  

Several mathematical models developed f o r  c a l c u l a t i n g  r a d i a t i o n  doses 

t o  man and o t h e r  b i o t a  from r a d i o a c t i v e  m a t e r i a l s  re leased t o  the  envi rons 

have been repo r ted  i n  d e t a i l  i n  t he  l i t e r a t u r e .  Some o f  these models were a 

s p e c i f i c a l l y  designed t o  t r e a t  acc identa l  o r  acute re leases,  (I6,' ') a1 though 

they  can be app l i ed  w i t h  n iod i f i ca t i ons  t o  chron ic  re leases.  (18,19) Other 
u 



models were designed t o  c a l c u l a t e  r a d i a t i o n  doses i n  a  l a r g e  reg ion  of t he  - Un i ted  States f rom chron ic  releases. (20,21 ) Appl i c a t  ions  o f  these models 

t o  the  es t ima t ion  o f  r a d i o l o g i c a l  impact o f  nuc lear  f a c i  1  i t i e s  f o r  i nc1 us ion  

i n  t he  environmental r e p o r t s  requ i red  by the  Nat iona l  Environmental Pol i c y  

Ac t  (NEPA) have a l s o  been discussed i n  the  l i t e r a t u r e .  (22,231 

I n  the  d iscuss ion  t h a t  f o l l o w s  i t  i s  assumed t h a t  t h e  fue ls  reprocess- 

i n g  p l a n t s  and t h e  h igh- leve l  waste management f a c i l i t i e s  are loca ted i n  t he  

approximate cen te r  o f  a  s i t e  s i m i l a r  i n  s i z e  and meteorology t o  Hanford. 

The s i t e  boundary (SB) d is tance f o r  these f a c i l i t i e s  i s  then about 20 km i n  

t he  d i r e c t i o n  o f  t h e  p r e v a i l i n g  wind. The o t h e r  f a c i l i t i e s  such as the  f u e l  

f a b r i c a t i o n  p lan ts  w i t h  l esse r  p o t e n t i a l  f o r  rad io1  og i  c a l  impact would 

then be l oca ted  about midway between t h e  waste management f a c i l i t i e s  and t h e  

SB a t  an average d is tance o f  about 10 km f rom t h e  l a t t e r .  

5.4.2 Enrichment Topping P l a n t  

I t  i s  est imated t h a t  an enrichment topp ing  p l a n t  w i t h  a  capac i ty  of 

about 11,500 MT separa t ive  work u n i t s  (SWU) w i  11 be requ i red  i n  t h e  year  2000 

o r  perhaps sooner. Regardless of t h e  s i t i n g  concept considered, t h e  same 

p l a n t  wi 11 be requ i red  and, there fore ,  i t s  impact on t h e  environment wi 11 be 

the  same. 

The r a d i o a c t i v e  re leases t o  t h e  envi rons f rom a  p l a n t  o f  about t h i s  

s i z e  have been est imated (24) t o  be 0.2 C i / y r  o f  uranium i n  gases and 

1.8 C i / y r  o f  uranium i n  l i q u i d s .  The re lease o f  these q u a n t i t i e s  o f  

uranium t o  the  envi rons should r e s u l t  i n  i n s i g n i f i c a n t  r a d i a t i o n  exposures 

regardless o f  the  s i t e  being considered. 

5.4.3 Fuel F a b r i c a t i o n  Faci 1  i t i e s  

Fuel f a b r i c a t i o n  fac i  1  i t i e s  w i l l  be requ i red  f o r  uranium and p lutonium 

LWR f u e l s  as w e l l  as f o r  LMFBR and HTGR f u e l .  

I n  t he  uranium p lan t ,  uranium i s  rece ived as e i t h e r  t h e  hexa f l uo r ide  

o r  ox ide powder. It i s  converted t o  the oxide, formed i n t o  p e l l e t s ,  

s in te red,  etc . ,  and then p laced i n  z i rconium tubes. The tubes a r e  sealed 



and then assembled i n t o  f i n i shed  assemblies. The p l an t  v e n t i l a t i o n  system 

employs adequate safeguards t o  prevent the  release o f  s i g n i f i c a n t  amounts 

o f  pa r t i cu l a te  matter. 

The plutonium fab r i ca t i on  p l an t  has several add i t iona l  steps i n  the 

process. The plutonium may have t o  be converted t o  an oxide, blended w i t h  

uranium oxide and then formed i n t o  pe l le ts .  The pe l l e t s ,  a f t e r  f u r t h e r  

treatment, are then placed i n  tubes and welded closed. Up t o ' t h i s  p o i n t  

a1 1 operations have taken place i n  glove boxes because o f  the  h igh ly  rad io-  

t o x i c  nature o f  plutonium. The remainder o f  the process p a r a l l e l s  the  

' uranium assembly l i n e  steps. The releases from the plutonium fab r i ca t i on  
p l an t  are held t o  very low leve ls  by extensive a i r  f i l t r a t i o n  equipment, 

so t h a t  both p lants  should not  requ i re  la rge  con t ro l led  access o r  low popu- 

l a t i o n  zones surrounding them. 

The po ten t ia l  environmental impact o f  a mixed oxide f ue l  f ab r i ca t i on  

p l an t  was addressed i n  document BNWL-1697. (25) Figures 5 and 8 o f  t h a t  

r epo r t  i l l u s t r a t e  the 50-year dose comnitment t o  bone and lung o f  a 

Standard Man inha l  i ng  plutonium continuously released throughout a 50-year 

l i f e  o f  the f a c i l i t y .  The doses were ca lcu la ted fo r  the maximum sector 

(h ighest  a i r  concentrat ions) versus distance from the f a c i l i t y  and f o r  two 

release heights, ground l eve l  and 100 meters, and t he  r e s u l t s  were normal ized 

t o  a chronic re lease r a t e  of 1 vg o f  Pu per year. The highest  dose com- 

mi-tments were associated w i t h  a ground-level release, which would be more 

t yp i ca l  f o r  a f u e l  fab r i ca t ion  p l an t  than a 100-meter release. 

The annual average atmosphere d i l u t i o n  fac to rs  given i n  Figure 2 o f  

BNWL-1697 f o r  the maximum sector are somewhat higher than those estimated 

f o r  the Hanford p ro j ec t  i n  the d i r e c t i o n  o f  the p reva i l i ng  wind. The 

fac to rs  given i n  those f igu res  are 9 x ~ e c - m - ~  a t  10 km and 4 x l o - '  
a t  20 km from a ground-level release point .  S im i la r  values f o r  the Hanford 

p ro j ec t  are 5.5 x 1 o - ~  and 2.7 x 1 oe7 x 1 o - ~  sec* m3 a t  10 and 20 km 

respect ive ly .  Therefore, the doses per u n i t  release t o  be estimated f o r  

a t y p i c a l  f ue l s  f ab r i ca t i on  p l an t  located a t  Hanford would be about 213 

o f  those 1 i sted i n  the  reference document a t  comparable distances downwind. 



The re lease  f o r  a  t y p i c a l  1000 m e t r i c  t o n  per year  (MT/yr) f a b r i -  

c a t i o n  p l a n t  might  be about 50 p g l y r .  (26)  The t o t a l  capac i t y  est imated 

f o r  the  IFCF exc lus i ve  o f  LWR-U f u e l s  i s  about 15,000 MTIyr, and t h e r e f o r e  

a  re lease r a t e  o f  up t o  750 pg Pulyear i s  poss ib le  from these f a c i l i t i e s .  

Assuming a  ground-level re lease  (F igures 5  and 7  o f  BNWL-1697) and 

us ing the  curve f o r  t he  new ICRP Task Group Lung Model, (27)  a  re lease  r a t e  

o f  750 p g l y r  would l ead  t o  50-year dose commitments o f  30 mrem t o  t h e  bone 

and 0.6 mrem t o  t h e  lung a t  an Exclus ion Zone Boundary (EZB) o f  10 km from 

t h e  p l a n t  f o r  t he  IFCF. The dose per  year  o f  opera t ion  was n o t  ca l cu la ted  

and would vary w i t h  t ime s ince  s ta r tup ,  being h igher  i n  l a t e r  years.  

"Average" doses per  yea r  o f  opera t ion  cou ld  be taken t o  be about 0.6 mrem 

t o  bone and 0.01 mrem t o  l ung  a t  a  d is tance o f  10 km. Such doses do no t  

seem t o  be i n  disagreement w i t h  t h e  i n t e n t  o f  t h e  "as low as p r a c t i c a b l e "  

phi losophy. They a r e  a l s o  about t h e  same order  o f  magnitude as the  dose 

an i n d i v i d u a l  cou ld  r e c e i v e  a t  an EZB 1  t o  2 km f rom the  t y p i c a l  1000 MTIyr 

mixed ox ide p l a n t  re leas ing  50 pg/y r  o f  Pu. 

The r a d i o l o g i c a l  impact o f  a  uranium f u e l  p l a n t  would be very much 

l e s s  than t h a t  o f  a  mixed ox ide  p l a n t ,  so much l e s s  t h a t  t h e  impact o f  

chemical r a t h e r  than r a d i o a c t i v e  re leases  t o  the  environment would be o f  

more concern. 

5.4.4 Fuel Reprocessing P lan ts  

When the  i r r a d i a t e d  f u e l  f rom the  power reac to rs  i s  d isso lved i n  t h e  

reprocessing p lan ts ,  t h e  rad ionuc l i des  i n  t he  f u e l  a re  released and en te r  

e i t h e r  the  reprocessing 1  i q u i d  streams o r  t h e  gas atmospheres i n  t he  repro-  

cessing equipment. These gaseous and l i q u i d  streams are  then t r e a t e d  t o  

remove the  rad ionuc l i des  f o r  s torage o r  reuse. The i nven to ry  o f  r a d i o a c t i v e  

m a t e r i a l  a t  a  reprocessing p l a n t  cons i s t s  o f  f u e l  w a i t i n g  t o  be processed 

and the  wastes from f u e l  p r e v i o u s l y  processed. L i s t e d  below i s  t h e  inventory  

o f  r a d i o a c t i v e  m a t e r i a l  a t  a  t y p i c a l  reprocessing p l a n t  versus t h e  type o f  

f u e l  being processed assuming t h e  wastes a re  s to red  o n s i t e  f o r  up t o  5  years 

be fore  s o l i d i f i c a t i o n  and a  t o t a l  o f  10 years p r i o r  t o  shipment t o  a  Federal 

repos i to ry :  



P l a n t  Type LWR HTGR LMFBR 

P l a n t  Throughput 1500 Tonneslyr 260 Tonneslyr 1500 Tonneslyr 

Amount o f  Radioact ive 
M a t e r i a l  Stored Ons i te  1.7 x 10'' C i  4.8 x 10' C i  2.6 x 10" C i  

S i t i n g  o f  reprocessing p l a n t s  and assoc ia ted  waste management f a c i l i -  

t i e s  was d iscussed i n  ORNL-4451. ( ) A t  t h e  t ime t h a t  document was pre-  

pared, t he  proposed Appendix I g u i d e l i n e  and associated phi losophy had n o t  

y e t  been prepared. As a r e s u l t  t he  au thors  assumed t h a t  c o n t r o l  o f  r o u t i n e  

re leases o f  rad ionuc l  ides  cou ld  be based upon the  a i r  concent ra t ions  1 i s t e d  

i n  10 CFR 20. I t  may be assumed t h a t  a s i g n i f i c a n t  r e d u c t i o n  below these 

1 a t t e r  a i  r concent ra t ions  and r e s u l  t a n t  r a d i a t i o n  doses wi 11 be r e q u i r e d  - 
by a f u t u r e  d e f i n i t i o n  o f  "as low as p r a c t i c a b l e "  f o r  f u e l  reprocess ing  

p l a n t s  d i c t a t i n g  more soph i s t i ca ted  radwaste t reatment  systems. 

.The Barnwel l  f u e l  reprocessing p l a n t  has a minimum EZB d i s tance  o f  

1~2350 meters. The capac i t y  o f  t h i s  p l a n t  i s  1500 tonnes l y r  o f  LWR f u e l s .  

Radionucl ides w i l l  n o t  normal ly  be re leased w i t h  l i q u i d  e f f l u e n t s .  E s t i -  

mated re lease  r a t e s  t o  t he  atmosphere, taken from the  Barnwel l  Environmental 

Report  , (28) a r e  l i s t e d  i n  Table 14. . , 

A t  p resen t  no removal systems f o r  nob le  gases a r e  comnerc ia l l y  a v a i l -  

ab le  and none appear t o  be needed a t  Barnwel l  . The doses est imated from 

t h e  re leases  1 i s t e d  a r e  summarized i n  Table 15. 

The doses l i s t e d  i n  Table 15 were est imated f o r  an EZB d i s tance  o f  

2350 meters and an annual average atmospheric d i l u t i o n  f a c t o r  o f  

1.5 x sec m -3 . ( a )  Assuming t h a t  t h e  IFCF s i t e  were l oca ted  a t  Hanford 

w i t h  an EZB o f  20 km f o r  t h e  reprocessing p lan ts ,  t h e  atniospheric d i s p e r s i o n  

f a c t o r  would be 6 x lo- '  sec mW3 f o r  an e leva ted  re lease,  o r  about 40% o f  

t h a t  a t  t h e  Barnwel l  s i t e  boundary. Therefore, t h e  doses would be about 

40% o f  those est imated f o r  Barnwel l  per  u n i t  r e lease  r a t e .  

3 
a. U n i t s  a r e  a c t u a l l y  C i / m  a i r  per  Ci /sec released. 



TABLE 14. Estimated Radi onucl i d e  Re1 ease Rates f r o  
the  Barnwell Fuels Reprocessing p l a n t (  28T 

Nucl i d e  

3~ 

8 5 ~ r  

1 2g1 

131 I 

34cs 

37cs 

2 3 8 ~ u  
239, 24OPu 

241 PU 

2 4 1 ~ m  

2 4 2 ~ m  

244cm 

TABLE 15. Annl~al Rad ia t ion  Doses Associated w i t h  Gaseous 
E f f l uen ts  from the  Barnwel l  P lan t  

Exposure 
Pathway 

External  

External  

I n h a l a t i o n  and 
T ransp i ra t i on  

Deposi t ion 
on Crops 

M i l  k- I n f a n t  

M i l  k- I n f a n t  

Deposi t ion 
on Crops 

I I n h a l a t i o n  o f  
Soluble Forms 

Organ 

Skin 

Tota l  Body 

To ta l  Body 

To ta l  Body 

Thyroid 

Thyroid 

Bone 

Bone 

I n d i v i d u a l  
Nucl i de mrem 

( c )  Pu, AN, Cm 0.17(b) 
8.6 

Populat ion 
man-rem 

a. Ca lcu la t i on  i s  based on fa1 1out;contaninated food and assumes e q u i l i b r i u m  
( a f t e r  several ha l f -1  i v e s )  w i t h  2/3 o f  the  food being uncontaminated. 

b. 50-year dose comnitment f rom 1-year 's re1 ease. 
c .  Average dose over a 50-year per iod.  



I n  a d d i t i o n ,  t h e  popu la t ion  dose i n  t he  v i c i n i t y  o f  t h e  f a c i l i t y  must 

be adjusted f o r  t h e  r e l a t i v e  d i s t r i b u t i o n  o f  people versus atmospheric d i s -  

pers ion.  An es t imate  o f  t h i s  adjustment i nd i ca ted  t h a t  t he  product  o f  t h e  

two d i s t r i b u t i o n s  (people and :/Q' ) f o r  t he  Hanford v i c i n i t y  i n  t he  year  

2000 would be about 4.06 x  man.sec*m3 compared t o  4.36 x  
3  man-sec.m which corresponds t o  the  popu la t ion  doses i n  Table 15. The 

r a t i o  of these two values o f  93%, and thus no c o r r e c t i o n  need be app l i ed  

f o r  t h e  popu la t ion  dose est imates per  c u r i e  released. 

The capac i t y  o f  t he  f u e l  reprocessing f a c i l i t i e s  o f  the  IFCF must be 

s u f f i c i e n t  t o  process approximately 17,000 MT/yr o f  LWR-U, 2,000 MT/yr o f  

LWR-Pu, 1850 MTlyr o f  LMFBR f u e l  and 710 MT/yr o f  HTGR f u e l .  

Radiat ion doses t o  i n d i v i d u a l s  and t h e  popu la t ion  can be est imated 

f o r  t he  IFCF by c o r r e c t i n g  the' doses i n  Table 15 f o r  t he  d i f f e r e n c e  i n  

throughput ( i n  terms o f  c u r i e s  per  year  i n  t he  f u e l  reprocessed), f o r  
3  removal o f  99% o f  t he  H and 8 5 ~ r  i n  t h e  IFCF, and t h e  d i f f e r e n c e  i n  t h e  

atmospheric d i spe rs ion  o f  t h e  two s i t e s .  The r e s u l t s  f o r  t he  Maximum 

I n d i v i d u a l  a re  g iven i n  Table 16. 

Except f o r  t he  t h y r o i d  dose from rad io iod ine ,  t he  doses l i s t e d  i n  

Table 16 a r e  a l l  w e l l  w i t h i n  probable numerical gu ide l i nes  f o r  t he  "as low 

as p r a c t i c a b l e "  phi losophy, when app l i ed  t o  reprocessing p l a n t s .  

The c u r r e n t  LWR gu ide l i nes  f o r  t h y r o i d  doses spec i f y  15 mremlyr b u t  

a l l o w  some f l e x i b i l i t y  i n  terms o f  environmental mon i to r ing  a f t e r  s t a r t u p  

t o  determine t h e  ac tua l  concentrat ions and dose. I f  t h i s  same f l e x i b i l i t y  

i s  al lowed f o r  reprocessing p lan ts ,  then the  t h y r o i d  dose o f  26 mrem/yr may 

be acceptable as a  design guide. I t  would, however, be prudent t o  p lan  f o r  

improved i o d i n e  removal systems f o r  i n s t a l l a t i o n  p r i o r  t o  t he  year  2000. 

I t  should be poss ib le  be fore  then t o  g a i n  a  f a c t o r  o f  10 i n  t h e  i o d i n e  

decontaminat ion f a c t o r  w i thou t  undue expense. Such improvements m igh t  

a l so  a l l o w  f o r  c o o l i n g  o f  LMFBR f u e l s  f o r  l e s s  than t h e  150 days postu- 

l a t e d  when c a l c u l a t i n g  t h e  doses i n  Table 16. 



TABLE 16. Est imated Annual R a d i a t i o n  Doses fro111 Gaseous E f f l u e n t s  Released 
f r om t h e  IFCF Reprocessing F a c i l i t i e s  i n  t h e  Year 2000(a) 

I n d i v i d u a l  a t  S i t e  Boundary (mrem) 

Organ Nucl c- i d e s  L W R - U ( ~ )  L W R - P U ( ~ )  L M F B R ' ~ )  HTGR (C1 To t a  1 

Skin "Kr 0,58 0.045 0.40 0.13 1.12 

To ta l  Body 3~ 0.028 4.5 4.8 6.9 0.044 

To ta l  0.19 

Thyro id  1 2g1 14.6 2.20 1.66 8 x lo- '  18 

1 31 I 4.65 1.35 1 . 9 2 ( ~ )  9.8 l o - 3  - 7.9 

T o t a l  26. 

Bone 0.16 0.01 2 0.011 0.027 0.22 

Throughput, M e t r i c  
Tons per  Year 17,000 2,000 1,850 71 1 21,561 

a.  T r i t i u m  and nob le  gases were ass igned r e l e a s e  f r a c t i o n s  of  10-L Re1 ease 
f r a c t i o n s  f o r  o t h e r  r a d i  onucl .des were d e r i v e d  f rom t h e  ~ a y n w e l  j Env i ron-  
mental Repor t  as f o l l ows :  13+1, 2 x 10-4; 1291, 8 x 10-4; Cs, Am and 
Cm, 2 x 10-9; and Pu, 6 x 10-10. (The r e l e a s e  f r a c t i o n  i s  t h a t  f r a c t i o n  
of t h e  r a d i o n u c l  i d e  e v e n t u a l l y  r e l eased  f rom t h e  "cooled"  f ue l  t o  t h e  
atmosphere. ) 

c .  Cooled f o r  150 days. 
c . Cooled f o r  365 days. 
d. I f  LMFBR f u e l  were coo led  o n l y  90 days, then  t h i s  t h y r o i d  dose would be 

220 mrem. 
e. Average dose over  a 50-year pe r i od .  



The annual doses t o  t he  t o t a l  popu la t i on  w i t h i n  50 m i l e s  o f  t he  IFCF 

corresponding t o  t he  i n d i v i d u a l  dose values l i s t e d  i n  Table 16 were e s t i -  

mated t o  be 13 man-rem t o  t he  t o t a l  -body, 1,900 man-rem t o  the  t h y r o i d ,  

and 120 man-rem (average over  50 years )  per year  o f  re lease  t o  t h e  bone. 

Again, w i t h  t h e  poss ib le  except ion o f  t h e  t h y r o i d ,  these popu la t i on  

doses should n o t  be unacceptable t o  e i t h e r  the  l i c e n s i n g  o r  r e g u l a t o r y  

agency o r  t h e  genera l  p u b l i c .  These doses a r e  a l l  very smal l  when com- 

pared t o  t h e  n a t u r a l  backgrour~d r a d i a t i o n  t o  which these same persons 

a r e  exposed. 

Both t h e  i n d i v i d u a l  and popu la t i on  doses f rom t h e  IFCF are  about t h e  

same o rde r  o f  magnitude as would be expected f o r  each of t he  separate 

s i t e s  were t h e  reprocessing p l a n t s  d ispersed.  However, t h e  o v e r a l l  t o t a l  

popu la t ion  dose would be g rea te r  w i t h  t h e  d ispersed concept, p r i m a r i l y  due 

t o  t h e  smal le r  SB d is tances  invo lved.  

The accumulat ion o f  l o n g - l i v e d  rad ionuc l ides ,  such as 12'1 and t h e  

a c t i n i d e s ,  i n  t h e  imnediate v i c i n i t y  o f  e i t h e r  t he  s i n g l e  IFCF s i t e  o r  t h e  

severa l  DFCF s i t e s  should n o t  be a se r i ous  problem. The pos tu la ted  re leases  

o f  t h e  a c t i n i d e s  a r e  r e l a t i v e l y  i n s i g n i f i c a n t .  The long- term accumulat ion 

o f  1 2 9 ~  w i l l ,  o f  course, be l e s s  o f f s i t e  a t  t h e  IFCF because o f  t h e  l onqe r  - 
EZB d i s tance  invo lved.  so ldat( " )  has discussed t h e  imp1 i c a t i o n s  o f  long-  - 
t e r n  accumulat ion o f  12'1 i n  t h e  s o i l  and has est imated t h a t  s o i l - p l a n t  

uptake would add o n l y  1% t o  2% per  year  o f  s o i l  accumulat ion t o  t h e  r a d i a t i o n  

doses rece ived f rom consumption of m i l k  and vegetables contaminated by d i r e c t  

f o l i a r  depos i t i on .  I n  o the r  words, a f t e r  about 50 t o  70 years  o f  s o i l  

accumulat ion t h e  r e s u l t a n t  annual r a d i a t i o n  doses f rom 12'1 would be about 

t w i c e  those rece i ved  du r i ng  t h e  f i r s t  year  v i a  d i r e c t  f o l i a r  depos i t i on .  
Long-term d e d i c a t i o n  of severa l  contaminated s i t e s  o r  expensive r e s t o r a t i o n  

procedures would be requ i red  under t h e  DFCF concept. Under t h e  IFCF, how- 
ever, o n l y  one s i t e ,  which could be r e t a i n e d  i n d e f i n i t e l y ,  i s  invo lved .  



5.4.5 Waste Management F a c i l i t i e s  

Waste management f a c i l i t i e s  were discussed i n  ORNL-4451. whet-e i t  w a s  

concluded t h a t  w i t h  proper design and s i t i n g  any environmental rndioloa- 

i c a l  impact o f  such f a c i l i t i e s  would be minimal.  I n t e r i m  storage o f  h igh  

l e v e l  l i q u i d  wastes does n o t  normal ly  r e s u l t  i n  re lease of rad ioac t i ve  

m a t e r i a l s  t o  the sur face waters. Acceptably small releases of  rad ionuc l  ides 

t o  the atmosphere w i l l  occur r o u t i n e l y ,  and acc identa l  leaks could re lease 

l i q u i d  ma te r ia l  t o  the  ground. Carefu l  design and jud i c ious  s i t i n g  of t he  

h igh- leve l  l i q u i d  waste storage f a c i l i t i e s  must be accomplished. S i t i n g  

of these f a c i l i t i e s  w i t h i n  an IFCF where the d is tance t o  the  nearest popu- 

l a t i o n  i s  r e l a t i v e l y  l a rge  would normal ly  r e s u l t  i n  lowered r a d i a t i o n  

doses t o  the  o f f s i t e  populat ion.  

S o l i d i f i c a t i o n  of l i q u i d  wastes a f t e r  a b r i e f  ( 3  t o  5 y r )  storage 

per iod  w i l l  be done a t  the  s i t e  o f  t he  reprocessing p lan t .  I t  may be 

des i rab le  t o  remove c e r t a i n  fi ssion products and ac t i n ides  from these 

wastes p r i o r  t o  s o l i d i f i c a t i o n .  The f i s s i o n  products and 13'cs may 

be removed t o  reduce t h e  heat generat ion r a t e  w i t h i n  the so l i ds ,  and 

the ac t i n ides  may be removed t o  reduce the  extremely long t ime t h a t  the 

so l  i d  product remains h i g h l y  r a d i o t o x i c .  

Ne i ther  these removal processes nor  the  s o l i d i f i c a t i o n  i t s e l f  should 

impose an unacceptable environmental impact provided t h a t  the proper design 

and s i t i n g  as mentioned p rev ious l y  have been fol lowed. The separated f i s -  

s ion  products would need t o  be encapsulated and placed i n  a cooled storage 

f a c i l i t y  u n t i l  such t ime  t h a t  t h e i r  heat r a t e  has decreased s i g n i f i c a n t l y  

o r  a l t e r n a t e l y  u n t i l  some b e n e f i c i a l  use could be found f o r  them. The 

separated a c t i n i d e s  could poss ib l y  be f a b r i c a t e d  i n t o  s u i t a b l e  form f o r  

charging i n t o  an " a c t i n i d e  burner" f o r  t ransmutat ion and f i s s i o n .  Proper ly  

encapsulated s o l i d i f i e d  wastes cou ld  be s tored a t  an i n t e r i m  Ret r ievab le  

Surface Storage F a c i l i t y  (RSSF) f o r  several years p r i o r  t o  shipment t o  an 

u l t i m a t e  d isposal  s i t e .  The r a d i o l o g i c a l  impact associated w i t h  the  

s o l i d i f i c a t i o n  of t he  h igh- leve l  l i q u i d  wastes was inc luded i n  t h e  fore- 

going eva luat ion  o f  t he  fue ls  reprocessing p l a n t s .  



Eva luat ion  of t he  several concepts proposed f o r  a  Re t r i evab le  Sur- 

face  Storage F a c i l i t y  i s  c u r r e n t l y  under way by t h e  AEC and i t s  cont rac-  
t o rs .  (12330-33) Such a  f a c i l i t y  cou ld  prov ide  i n t e r i m  storage o f  

s o l i d i f i e d  wastes f rom a l l  U.S. power reac to rs  accumulated t o  t h e  year  

2000 u n t i l  such t ime as they can be t r a n s f e r r e d  t o  t h e  u l t i m a t e  d isposal  

s i t e .  Only minor  r a d i o l o g i c a l  impact i s  p red ic ted  f o r  the  RSSF concepts 

evaluated t o  date. 

It i s  envis ioned(15)  t h a t  standard c y l i n d e r s  con ta in ing  noble gas f i s -  

s i on  products w i l l  be r e t r i e v a b l y  s to red i n  a  Noble Gas Storage F a c i l i t y  

(NGSF). The f a c i l i t y  would be des-igned f o r  safe opera t ion  and recovery 

under emergency cond i t i ons  and would be modular t o  a l l o w  f o r  expansion. 

The heat removal system (na tu ra l  convect ion coo l i ng  by a i r )  would assure 

acceptable sur face terr~peratures f o r  t h e  gas conta iners  t o  he lp  ma in ta in  

conta iner  i n t e g r i t y .  Other op t ions  i nc lude  underwater storage, fo rced a i r  

coo l ing ,  and underground storage. I n j e c t i o n  o f  noble gases i n t o  porous 

underground format ions has a1 so been d i  scussed . (34) The f a c i l i t y  would be 

comprised o f  areas f o r  rece i v ing ,  handl ing, and i nspec t i ng  c y l i n d e r s  rece ived 

from f u e l  reprocessors and f o r  t r a n s f e r r i n g  and s t o r i n g  t h e  c y l i n d e r s .  An 

AEC r e s e r v a t i o n  i s  a  l o g i c a l  l o c a t i o n  f o r  t h e  NGSF, perhaps near t h e  RSSF 

f o r  h igh - leve l  waste. 

Table 17 summarizes t h e  est imates o f  t h e  r a d i a t i o n  dose r e s u l t i n g  f rom 

the  shipments o f  f u e l  and waste between t h e  reac tors ,  t h e  f u e l  f a b r i c a t i o n  

p lan ts ,  and the  f u e l  reprocessing p l a n t s .  An es t imate  o f  t h e  product  of 

tonne-mi l e s  and popu la t i on  d i s t r i b u t i o n  f o r  each concept i n d i c a t e d  t h a t  

t h i s  f a c t o r  was two t o  th ree  t imes as l a r g e  f o r  i r r a d i a t e d  f u e l  under the  

IFCF as under t h e  DFCF. Therefore, t h e  doses l i s t e d  i n  Table 17 f o r  t he  

DFCF were mu1 t i p l i e d  by 2.5 t o  o b t a i n  t h e  comparable values f o r  t h e  IFCF. 

Table 17 a l s o  summarizes t h e  est imated doses f o r  shipments from reprocessors 

under t h e  DFCF concept which would be e l im ina ted  i f  t h e  IFCF concept were 

employed. The data  i n  Tab1 e  17 are  based on References 24 and 32, ad jus ted  

t o  r e f l e c t  t r a n s p o r t  of m a t e r i a l s  o t h e r  than uranium. It can be seen t h a t  

t he  doses e l im ina ted  under t h e  IFCF concept (Table 17) a re  a  small f r a c t i o n  

of t he  t o t a l  t r a n s p o r t a t i o n  doses. 



TABLE 17. Estimated Annual Rad ia t ion  Dose t o  the  Populat ion 
from Transp r a n o f  Radioact ive M a t e r i a l s  i n  t he  
Year 2000. 92b. $8 

Radia t ion  Dose, Man-rem 
DFCF IFCF 

Transport  General Transport  General 
Shi pment/Mode Workers Populat ion Workers Populat ion 

Un i r rad ia ted  f u e l  
FP t o  r e a c t o r l t r u c k  460 115 9 2 0 ' ~  1 6 0 ' ~ )  

I r r a d i a t e d  f u e l  
Reactor t o  repro-  
cessor r a i  1  /barge/ 
t r u c k  3600 1 300 12,600'~)  3200 '~  ) 

Sol i d  wastes 
r e a c t o r  t o  storage 
o r  b u r i a l  

Truck 1 300 1350 4 5 0 d c  ) 3400 '~  ) 

Reprocessing P lan ts  
t o  Reposi to ry /Ra i  1 

High-Level 2 5 140 ----- 
Low-Level 19 110 ----- 

MO F a c i l  i t y  t o  
~ u 6 i a l  o r  Reposi tory 

Low-Level Wastes/ 
Truck 17 32 ----- 

Tota l  Dose 5,400 3000 18,000 

a.  Assuming shipments increase 2 .0 - fo ld  i n  u n i t s  o f  tonne-mile 
compared t o  t h e  DFCF concept. 

b.  Assuming popu la t ion  dose increases o n l y  1 .4 - fo ld  because o f  t h e  
lower popu la t ion  dens i t y  compared t o  t h e  DFCF concept. 

c .  Assuming shipments increase 3.5- fo ld i n  u n i t s  o f  tonne-mile 
compared t o  t h e  DFCF concept. 

d. Assuming popu la t ion  dose increases by o n l y  2 .5- fo ld  because o f  
lower popu la t ion  d e n s i t y  compared t o  the  DFCF concept. 

e. The doses from r a i l  shipment would be s l i g h t l y  l e s s  than those 
v i a  t ruck .  



5.5 NONRADI OLOGICAL CONS I D  ERATI ONS 

Included w i t h i n  t h i s  sec t i on  i s  i n fo rma t ion  r e l a t e d  t o  eco log ica l ,  . 
environmental, and serv ice  and u t i l i t i e s  considerat ions o f  IFCFs and DFCFs. 

The major eco log ica l  d i f f e rences  between IFCFs and DFCFs appear t o  be i n  the  

decreased number o f  mon i to r ing  and r e p o r t i n g  programs i n  the  case o f  the  8 

IFCF. The topping enrichment p l a n t  so overpowers the remaining f a c i l i t i e s  

tha t ,  f rom environmental and serv ices  and u t i l i t i e s  standpoints,  the  IFCF 

would be o n l y  s l i g h t l y  favored. 

5.5.1 Ecological  Considerat ions 

The i r r e v e r s i b l e  e f f e c t s  upon the environment would be about the  same 

i n  e i t h e r  t h e  IFCF o r  the  DFCF. However, i t  would seem poss ib le  t o  l o c a t e  
I 

the  :IFCF i n  an area w i t h  a  lower na tu ra l  b i o l o g i c a l  p r o d u c t i v i t y  than i n  the  

case o f  the  DFCFs. 

The p r i n c i p a l  eco log ica l  d i f f e rences  when consider ing the  IFCF and 

DFCF a r e  associated w i t h  the  number o f  eco log ica l  mon i to r ing  and research 

programs requ i red  and the  number o f  environmental repo r t s  requ i red  t o  safe- 

guard a g a i n s t  i n t roduc ing  rad ionuc l ides  i n t o  the  eco log ica l  system. 

Some o f  the des i red  eco log ica l  a t t r i b u t e s  o f  an i n teg ra ted  nuc lear  

f u e l  cyc le  f a c i l i t y  a r e  i nd i ca ted  below: 

Remote from r e s i d e n t  human populat ions 

Low b i o l o g i c a l  p r o d u c t i v i t y  

Low species d i v e r s i t y  

Food chains t h a t  c h a r a c t e r i s t i c a l l y  do n o t  lead t o  man 

Deep s o i l  l aye rs  over ground water f o r  waste b u r i a l  

Low p r e c i p i t a t i o n  t o  r e s t r i c t  s o i l  water p e r c o l a t i o n  t o  ground water 

Waste b u r i a l  and storage s i t e s  remote f rom sur face waters 

' Background o f  eco log ica l  s tud ies  

Land area e x c l u s i v e l y  dedicated t o  nuclear  f a c i l i t i e s  



The Nat ional  Environniental Po l icy  Act  seeks t o  provide f o r  the pro- 

t e c t i o n  o f  the  e a r t h ' s  environment through the  prepara t ion  and pub1 i ca  t i o n  

o f  environmental repo r t s .  These repor t s  seek t o  assess both the shor t -  

range and the  p o t e n t i a l  environmental impact o f  const ruc t ion  and opera t ion  

o f  nuclear f a c i l i t i e s  on l o c a l  and reg iona l  eco log ica l  systems. An i n t e -  

grated nuclear  f u e l  c y c l e  f a c i l i t y  would probably r e q u i r e  a s i n g l e  envi ron-  

mental r e p o r t  w h i l e  each DFCF s i t e  would requ i re  a separate repor t .  

The nuclear  f u e l  cyc le  produces p o t e n t i a l  l y  b i o l o g i c a l l y  harmful 

rad ioac t i ve  substances tha t ,  when released i n t o  surrounding a i r  and surface 

waters, can be expected t o  p a r t i c i p a t e  i n  bio-geochemical c y c l  i ng  processes 

o f  eco log ica l  systems and i n  food chain t r a n s f e r s  t h a t  i n  instances can 

lead t o  people. As a safeguard against  i n t r o d u c t i o n  o f  harmful amounts o f  

man-induced rad ionuc l  ides t o  people through food, a i r ,  and. water pathways, 

r a d i o l o g i c a l  mon i to r ing  programs a r e  r o u t i n e l y  establ ished.  Also, eco log i -  

ca l  mon i to r ing  programs seek t o  evaluate the  impact o f  acute and chronic 

i o n i z i n g  r a d i a t i o n ,  increased water temperatures, and the  re lease o f  chemi- 

ca l  e f f l u e n t s  upon e c o l o g i c a l l y  important p l a n t  and aninial populat ions and 

upon hab i ta t s  i d e n t i f i e d  as essent ia l  t o  the  cont inued existence o f  ra re ,  

endangered, o r  e s t h e t i c a l l y  important  f l o r a  and fauna. 

An in teg ra ted  fac i  1 i ty would r e q u i r e  a s i n g l  e comphrehensi ve ecol  og i  ca I 

moni tor ing  program wh i le  t h e  DFCF case would r e q u i r e  m u l t i p l e  programs. 

5.5.2 Environmental Considerat ions 

The nonrad io log ica l  impacts considered f o r  the  in tegra ted and dispersed 

f a c i l i t i e s  i nc lude  the  land and water used, the  heat d iss ipated,  and the  

chemicals discharged t o  the a i r  and water environment. In format ion  pre- 

sented i n  t h i s  sec t i on  i s  based upon data obtained from Reference 24 and 

adjusted t o  the  processing capac i t i es  p ro jec ted  f o r  the  year 2000. 

The pr imary source of environmental impact i s  r e l a t e d  t o  the  e f f l u e n t s  

discharged from t h e  coal -f i r e d  power s t a t i o n s  generat ing the  e l e c t r i c a l  

energy consumed i n  the  topping enrichment p lan t .  Enrichment f a c i  1 i t i e s  

approaching t h e  s i z e  considered i n  t h i s  study a re  p resen t l y  i n  opera t ion  

w i thou t  an adverse impact upon the  environment. 



Land Use 

A program o f  new f a c i l i t y  cons t ruc t i on  w i l l  be necessary a t  the  i n t e -  

grated s i t e  o r  a t  new dispersed s i t e s  due t o  t h e  cont inuous ly  i nc reas ing  

processing requirements. Dur ing  c o n s t r u c t i o n  the environmental e f f e c t s  

w i l l  p r i m a r i l y  be t h e  product ion  o f  no ise  and dus t  and t h e  denudation o f  

those p o r t i o n s  o f  t he  s i t e  where b u i l d i n g s  w i l l  be located.  The envi ron-  

mental impact o f  t h e  c o n s t r u c t i o n  program w i  11 be no more severe than con- 

s t r u c t i o n  programs o f  t h e  same magnitude undertaken i n  the  pas t .  

The t o t a l  conmitment o f  land i n  t h e  case o f  t h e  DFCF i s  est imated t o  

be about 60,000 acres on a temporary bas is .  I n  t he  case o f  t he  IFCF, t h e  

l and  comni tment i s  est imated t o  be upwards o f  150,000 acres (about one-ha1 f 

t h e  area o f  t h e  Hanford r e s e r v a t i o n ) .  The l a r g e r  a rea l  requirement f o r  the  

IFCF i s  needed because o f  t he  number o f  f a c i l i t i e s  l oca ted  a t  a s i n g l e  s i t e  

and t h e  c lose  p r o x i m i t y  o f  the  f a c i l i t i e s .  The r e s u l t i n g  g rea te r  f a c i l i t y  

d e n s i t y  causes an -increase i n  t h e  t o t a l  q u a n t i t y  o f  ma te r i a l  re leased a t  

t h e  IFCF s i t e ,  r e q u i r i n g  an extension o f  t h e  s i t e  boundaries t o  conform t o  

e x i s t i n g  re lease  1 i m i  t s .  

Water Use 

Water requirements f o r  t h e  i n t e g r a t e d  and d ispersed cases a r e  essen t i -  
9  a l l y  t he  same, w i t h  each case needing about 3 x 10 ga l l ons  per  day (4600 c f s )  

f o r  once-through coo l i ng .  Of t h i s  amount t he  topping enrichment p l a n t  w i l l  

u t i l i z e  99% o f  t he  water used i n  t he  IFCF and about 96% o f  the  DFCF t o t a l  
6  requirements. Consumptive water usage i s  on the  order  o f  40 x 10 ga l l ons  

per day (60 c f  s )  . 

Assuming once-through coo l ing ,  the  major water demand i s  made by f o s s i l  

f u e l  and/or nuc lear  power p l a n t s  supply ing t h e  l a r g e  amounts o f  e l e c t r i c a l  

energy used by t h e  enrichment f a c i l i t i e s .  The l a r g e  q u a n t i t i e s  o f  c o o l i n g  

water used by t h e  enrichment f a c i l i t y  power p l a n t s  i s  discharged t o  sur face 

water bodies and w i l l  n o t  r e s u l t  i n  s i g n i f i c a n t  impact t o  t h e  envi ron~i lent .  

About 30 m i l  1  i o n  ga l l ons  of water per day a re  requ i red  by t h e  reprocessing 



p lants .  Topping enrichment p l a n t  requirements were based upon product ion 

o f  11,500 m e t r i c  ton  SWU, which can be compared t o  the  c u r r e n t  na t iona l  pro- 

duc t ion  l e v e l  o f  10,500 MT SWU. 

Thermal Discharge 

About 75% o f  the  45 x l o 9  Btu/hr  (13 GW) o f  heat d i ss ipa ted  i n t o  the  

environment by both cases being considered i s  associated w i t h  the  topping 

enrichment process. The f o s s i  1 f u e l  and/or nuclear  power p l a n t s  supply ing 

the  e l e c t r i c a l  energy t o  the  enrichment f a c i  1 i t i e s  c o n t r i b u t e  greater  than 

90% o f  the  thermal load imposed by the  enrichment f a c i l i t i e s .  

Operat ion of coo l i ng  towers used t o  d i s s i p a t e  the  waste heat from the  

gaseous d i f f u s i o n  complex i s  expected t o  r e s u l t  i n  occasional atmospheric 

m i s t i n g  and fogging a t  the  p l a n t  s i t e .  The thermal impact i s  no t  s u f f i -  

c i e n t l y  l a r g e  i n  e i t h e r  case t o  produce adverse environmental e f f e c t s .  

Ef f 1 uen t s  

The estimated environmental i ~ i i pac t  o f  f a c i l i t y  e f f l u e n t s  i s  presented 

f o r  the  IFCF and DFCF cases i n  Table 18. 

The primary source o f  environmental impact i s  r e l a t e d  t o  the  gaseous 

and p a r t i c u l a t e  e f f l u e n t s  from t h e  c o a l - f  i red power s ta t i ons  generat ing the  

e l e c t r i c a l  energy consumed i n  the  gaseous d i f f u s i o n  p l a n t .  

Small q u a n t i t i e s  o f  a i rborne f l u o r i d e  a re  generated a t  t he  d i f f u s i o n  

p lan ts .  Measurements i n  u n r e s t r i c t e d  areas a t  e x i s t i n g  p lan ts  i n d i c a t e  

concentrat ions below the  range f o r  which de le te r ious  e f f e c t s  have been 

observed. I n  add i t i on ,  oxides o f  n l t rogen  and s u l f u r  a re  re leased a t  the  

d i f f u s i o n  p lan ts .  Conservat ive est imates o f  t h e  o f f s i t e  concentrat ions o f  

these contaminants y i e l d  l e v e l s  which a r e  below EPA standards. Furthermore, 

the  t o t a l  q u a n t i t y  o f  these e f f l u e n t s  i s  i n s i g n i f i c a n t  i n  comparison w i t h  

the  combustion products generated by the  support ing e l e c t r i c  power p lan ts .  

A number o f  chemical species are present i n  the  l i q u i d  e f f l u e n t  stream 

from the  d i f f u s i o n  p lan t .  Calcium, ch lo r ide ,  sodium, and s u l f a t e  ions  a re  

major cons t i t uen ts  of t h i s  stream. With water treatment t o  reduce chromium 

concentrat ions and w i t h  s u f f i c i e n t  d i l u t i o n  w i t h i n  the  r e c e i v i n g  r i v e r ,  a1 1 



TABLE 18. Estimated E f f luen ts  Discharged by the 
IFCF and DFCF i n  the Year 2000 

Eff luents,  metr ic  ton per year 

Fuel 
Ef f luents  - Chemical Fabr icat ion Reprocessing Enrichment Total 

Gases (a) 

SOX 28,000 7,000 426,000 461 ,000 

NOx 7,000 9,000 112,000 128,000 

Hydrocarbons 7 5 

CO 180 

Par t i cu la tes  7,000 2,000 112,000 121,000 

Liquids - - 
S04 

Sol i d s  

a. Estimated e f f l uen ts  based upon combustion o f  equivalent  coal f o r  
power generation. Most gaseous e f f l  uents are produced i n  power 
generation. 



incremental concentrations resultiqg from the discharge will be reduced to 

a small fraction of the recomnended permissible water quality standards in 

each of the cases considered. 

The U02 fuel fabrication flow sheet assumed for th is  study converts 

natural UF6 into natural U O p  a t  the uranium fuel plant. Essentially a1 1 of 

the fluoride that  enters the plant ends u p  as calcium fluoride (CaF*), 

which i s  generally buried onsite.  

5.5.3 Services and Ut i l i t i e s  Needs 

The service and u t i l i t y  requirements for a single IFCF would probably 

be smaller t h a n  the aggregate of similar capacity DFCFs, though neither i s  

great apart from the electr ical  requirements of an enrichment f ac i l i ty .  

Water use requirements are estimated a t  50 to 75 cfs  for  a single IFCF; a 

topping enrichment plant could require a similar amount of water. Most of 

the water would be released through cool ing towers and would approximate 

the release from the cooling towers of several large nuclear reactor power 

plants. 

The electr ical  requirements for a single IFCF are about 250 MWe. A new 
6 gaseous diffusion plant for  enriching LWR fuel with a 13 x 10 SWU annual 

capacity requiring l~3000 MWe. The former figure can readily be provided by 

most electr ical  u t i l i t i e s  over the time span for buildup of a single IFCF. 

The l a t t e r  figure (or a lesser amount which may be required by a topping 

enrichment plant) would require special arrangements with the servicing 

electr ical  u t i l i t i e s .  

Natural gas requirements could reach one to four t r i l l i o n  cubic fee t  

per year for  fuel fabrication, depending on how much U02 fuel i s  fabricated 

a t  a single IFCF in addition to  mixed oxide fuel fabrication. 

Qther fossi 1 fuel requirements (coal or fuel o i l )  for generation of 

process steam are modest. Process steam could be obtained from reactor 

plants located on an IFCF. 



Other t y p i c a l  se rv i ce  and u t i l i t y  requirements f o r  the  var ious  f u e l  

c y c l e  f a c i l i t i e s  inc lude:  

I n e r t  gases 

Highways 

a Rai l roads  

Equipment 

Arch i  tect -engineers 

Const ruc t ion  organ iza t ions  

Chemical supp l i e rs  

Most such items a re  r e a d i l y  a v a i l a b l e  a t  any l o c a t i o n s  i n  t he  count ry  

a l though the  c o s t  w i l l  be h igher  i f  a  l o c a l  supply i s  n o t  a v a i l a b l e .  

Some serv ices,  such as those o f  s p e c i a l t y  equipment f a b r i c a t i o n s  and 

a r c h i  tect -eugineers , a r e  general l y  independent o f  s i t e s .  The serv ices  a r e  

performed p r i m a r i l y  a t  t h e  home s i t e  o f  t he  se rv i ce  organ iza t ion ,  and the  

product  i s  shipped t o  t h e  p o i n t  o f  use. I n  t h a t  case, t h e  d i f f e r e n c e  

between an IFCF and DFCFs i s  p r i m a r i l y  one o f  cos t .  

I n  summary, t h e  a v a i l a b i l i t y  o f  u t i l i t i e s  and serv ices  i s  expected t o  

be about t h e  same f o r  DFCFs and an IFCF, assuming t h a t  the  s i t e s  a re  se lec ted  

such t h a t  an adequate supply o f  phys ica l  requirements such as water i s  

avai  lab1 e. The pr imary d i f f e r e n c e  between DFCFs and an IFCF probably w i  11 

be a  smal le r  c o s t  f o r  IFCFs because o f  t h e  smal ler  requirements, t h e  econo- 

mies o f  scale, and t h e  e l i m i n a t i o n  o f  m u l t i p l e  supply and use l oca t i ons .  

5.6 FREE ENTERPRISE EFFECTS 

A dec i s ion  t o  b u i l d  one o r  two IFCFs r a t h e r  than DFCFs w i l l  i n f l u e n c e  

i n s t i t u t i o n a l ,  s o c i a l ,  labor ,  and economic aspects o f  our  present  way of 

doing business. This  s e c t i o n  explores some o f  t h e  poss ib le  impacts. 



5.6.1 I n s t i t u t i o n a l  C f f e c t s  -. 

Major  i n s t i t u t i o n a l  problems may be c rea ted  by a s i n g l e  IFCF; these 

problems may be decreased somewhat by hav ing a second IFCF. For  t h e  purpose 

o f  h i g h l i g h t i n g  t h e  problem areas, two general  i n s t i t u t i o n a l  arrangements 

a re  considered: 

1. A1 1 f a c i l i t i e s  a t  a g i ven  s i t e  cou ld  be owned and operated by a 

s i n g l e  e n t i t y .  The e n t i t y  cou ld  be t h e  Federal  government, a 

s i n g l e  co rpo ra t i on ,  o r  a combine o f  co rpo ra t i ons  shar ing  ownership.  

2. Major  p l a n t s  w i t h i n  t h e  IFCF cou ld  be owned and operated by separate 

ent repreneurs.  

The IFCF cou ld  be owned by t h e  Federal  government and cou ld  s e l l  se r -  

v i c e s  on a cost - re imbursed b a s i s  l i k e  t h e  p resen t  enr ichment p l a n t s .  A 

s i n g l e  c o r p o r a t i o n  ownership would encounter a n t i t r u s t  problems. The IFCF 

cou ld  be operated by a s i n g l e  e n t e r p r i s e  i n  which ownership i s  he ld  by a 

number o f  companies. It c o u l d  be regu la ted  l i k e  a pub1 i c  u t i l i t y  w i t h  

governmental r ev i ew  o f  s e l l  i n g  p r i c e s  and cos t s .  A n t i  t r u s t  problems m i g h t  

be p resen t  under t h i s  arrangement, too.  I n  any case, a l l  o f  these approaches 

c o n f l i c t  w i t h  t h e  f r e e  e n t e r p r i s e  approach t o  i n d u s t r i a l  development which 

has cha rac te r i zed  t h e  nuc lea r  i n d u s t r y  t o  da te .  Thus major  i n s t i t u t i o n a l  

problems can be expected f rom these  approaches. 

I n  t h e  second arrangement, major  f a c i l i t i e s  would be owned and operated 

by separate ent repreneurs.  The ma jo r  problems w i t h  t h i s  approach l i e  i n  

de te rmin ing  who b u i l d s  which p l a n t s  and when. A t  p resen t  an ent repreneur  

decides where i t  i s  most s t r a t e g i c  t o  b u i l d  a p l a n t  ( i  .e. , where t h e  market 

i s  thought  t o  be, where long- te rm customers a r e  loca ted ,  e t c .  ) .  The en t re -  

peneur b u i l d s  t h e  p l a n t  l a r g e  enough t o  handle i n i t i a l  p r o j e c t e d  loads  

i n  keeping w i t h  competing demands f o r  c a p i t a l .  T h i s  approach g e n e r a l l y  

r e s u l t s  i n  severa l  p l a n t s  be ing  b u i l t  i n  t h e  same t ime frame a t  s c a t t e r e d  

l o c a t i o n s  (e.g., NFS, Midwest, and Barnwe l l ) .  W i l l  t h i s  same approach be 

used when a l l  ent repreneurs have t o  b u i l d  a t  one ( o r  two) l o c a t i o n s ?  



Economic advantages o f  t r a n s p o r t a t i o n  w i l l  no longer  e x i s t .  Advantages 

d e r i v e d  f r om p r o p i n q u i  t y  t o  l ong - t ime  customers and o t h e r  collipany co~ilponents 

may d isappear .  B u i l d i n g  two sma l l e r  p l a n t s  s imu l taneous ly  a t  a  s i n g l e  

l o c a t i o n  where one l a r g e r  one pe rm i t s  s i g n i f i c a n t  economic ga ins  (see 

S e c t i o n  4 )  may be cons idered t o o  w a s t e f u l .  s 

One approach m i g h t  be t o  s e l e c t  (by an unde f ined  p rocess)  an o r d e r  f o r  

each en t repreneur  t o  b u i l d  a t  an IFCF. Apa r t  f r om  t h e  s e l e c t i o n  process 

t h e r e  a r e  ma jo r  unknowns i n  t h i s  approach. W i l l  t h e  f i r s t  en t repreneur  be 

prevented f r om adding t o  i t s  p l a n t  as demand inc reases?  What p r o v i s i o n s  

may be r e q u i r e d  as  t h e  e a r l i e r  p l a n t s  become l e s s  c o m p e t i t i v e  than  l a t e r  

p l a n t s ?  

The f o r e g o i n g  a r e  some o f  t h e  p o t e n t i a l  problems which may a r i s e ;  

d i s cuss ions  w i t h  p o t e n t i a l  en t repreneurs  c o u l d  su r f ace  a d d i t i o n a l  problems 

and/or  produce accep tab le  s o l u t i o n s  t o  some a l r e a d y  i d e n t i f i e d .  

It i s  c l e a r ,  however, t h a t  m o d i f i c a t i o n  t o  t h e  p resen t  way o f  do i ng  

bus iness w i l l  be r e q u i r e d  if ent repreneurs  a r e  l i m i t e d  t o  one o r  two IFCFs. 

A t  t h i s  t ime  i t  i s  b e l i e v e d  t h a t  t h i s  w i l l  cause ma jo r  problems o f  an 

i n s t i t u t i o n a l  na tu re .  

5.6.2 S o c i o l o g i c a l  E f f e c t s  

Two s o c i o l o g i c a l  e f f e c t s  which should  be cons idered  i n  e v a l u a t i n g  

IFCFs i n c l  ude : 

1. P u b l i c  acceptance o f  IFCFs; 

2 .  C o n s t r u c t i o n  e f f e c t s  o f  IFCFs on nearby communit ies: l ong - t e rm  

e f f e c t s  on l o c a l  employment, bus iness,  and t a x a t i o n .  

P u b l i c  acceptance of IFCFs w i l l  p robab l y  r e l a t e  t o  t h e  r a d i o l o g i c a l  

aspec ts  o f  t h e  v a r i o u s  a l t e r n a t i v e s  open t o  t h e  p u b l i c .  Two aspec ts  o f  

concern a r e  l i k e l y  t o  c e n t e r  around d i v e r s i o n  o f  p l u ton ium and f i s s i o n  p ro -  

duc t s  f o r  c l a n d e s t i n e  purposes, and t h e  l i k e l i h o o d  o f  a c c i d e n t a l  r e l e a s e  o f  

r a d i o a c t i v e  m a t e r i a l s .  



In tegra ted f u e l  c y c l e  f a c i l i t i e s  appear t o  have the f o l l o w i n g  p o t e n t i a l  

advantages and disadvantages i n  r e l a t i o n  t o  these two concerns: 

Advantages o f  IFCF Disadvantages o f  IFCF 

Po ten t ia l  f o r  cen t ra l i zed ,  l a r g e r  Longer t r a n s p o r t a t i o n  o f  spent and 
operat ions t o  r e s u l t  i n  b e t t e r  per- new f u e l  t o  and from reactors .  
sonnel t r a i n i n g ,  more soph is t ica ted 
guard systems, and b e t t e r  monitor-.  Po ten t ia l  f o r  "comnon mode" f a i l u r e  
ing .  Less p o t e n t i a l  f o r  d i ve rs ion .  w i t h i n  IFCF lead ing t o  major re leases 

o f  r a d i o a c t i v e  mater ia ls .  
Po ten t ia l  f o r  acc identa l  re lease o f  
r a d i o a c t i v e  ma te r ia l s  t o  a f f e c t  
smal ler  populat ions because o f  
remote s i t i n g  . 
L ike l i hood  o f  o v e r a l l  improved 
r e l i a b i l i t y  due t o  fewer p l a n t s  
and equipment items t h a t  can f a i l .  
Be t te r  backup systems can be pro-  
vided a t  t he  same cost .  

No o f f s i t e  t ranspor ta t i on  o f  s o l i d  
alpha and h igh - leve l  wastes. 

Although t h i s  i s  n o t  a  comprehensive l i s t  o f  pros and cons f o r  IFCFs, 

i t  i s  our op in ion  t h a t  IFCFs a r e  l i k e l y  t o  be o f  l ess  concern t o  the  general 

pub1 i c  than DFCFs. This i s  no t  t o  say t h a t  DFCFs a re  unacceptable t o  the  

p u b l i c .  However, the  reduct ion  i n  p u b l i c  concern about plutonium and f i s -  

s i o n  products re leases probably would be l a r g e r  than the  increase i n  p u b l i c  

concern about f u e l  t ranspor ta t i on .  Distance appears t o  be an important  

f a c t o r  i n  the  p u b l i c  concern about the  matter ;  i . e . ,  concern i s  o f t e n  an 

inverse f u n c t i o n  o f  d is tance from the t roub le .  Fur ther ,  many hazardous 

mate r ia l s  are t ranspor ted now, and the  p u b l i c  accepts the  f a c t .  

The d i s r u p t i o n s  o f  l i f e  pa t te rns  due t o  cons t ruc t i on  and opera t ion  o f  

IFCFs probably cou ld  be less  than for  DFCFs because there  would be one o r  

two d i s rup t ions  ins tead o f  several and because there  would be a  cont inu ing 

const ruc t ion  a c t i v i t y  over many years a t  the  IFCF. 

I f  a  s i n g l e  IFCF were b u i l t  i n  an o r d e r l y  manner such t h a t  there  would 

be a  r e l a t i v e l y  constant cons t ruc t i on  f o r c e  vary ing between about 4000 and 



5000 workers,  t h e  d i s r u p t i o n  would co r i s i s t  p r i l l ~ a r i l y  o f  ( 1 )  t h e  d i s p l a c e -  

ment o f  r e s i d e n t s  from t h e  land  needed f o r  the  IFCF, ( 2 )  t he  i n i t i a l  b u i l d u p  

o f  t h e  c o n s t r u c t i o n  f o r c e  and t h e  accompanying need t o  inc rease  housing, 

mun ic ipa l  se rv i ces ,  and r e t a i l  e s t a b l  ishments, and ( 3 )  t h e  f i n a l  r e d u c t i o n  

o f  t h e  c o n s t r u c t i o n  f o r c e  a f t e r  a1 1  f a c i l i t i e s  had been b u i l t .  Th i s  e n t i r e  

process cou ld  r e q u i r e  as much as 20 years,  r e s u l t i n g  i n  a  l ong  pe r i od  o f  

r e l a t i v e l y  s t a b l e  c o n s t r u c t i o n  employment d u r i n g  which t ime  t h e  a d d i t i o n a l  

munic tpa l  , housing, and commercial f a c i  1  i t i e s  would be pa id .  The cons t ruc -  

t i o n  work f o r c e s  f o r  each o f  two IFCFs a r e  n o t  u n l i k e  t h a t  r e q u i r e d  f o r  a  

l a r g e  r e a c t o r  c o n s t r u c t i o n  p r o j e c t .  

I n  c o n t r a s t ,  t h e  DFCF concept would r e s u l t  i n  numerous d i s r u p t i o n s  

sca t t e red  across t h e  n a t i o n .  Each d i s r u p t i o n  would have about  t he  same 

b u i l d u p  and d e c l i n e  o f  c o n s t r u c t i o n  fo rces ,  b u t  i ns tead  o f  a  l ong  p e r i o d  o f  

r e l a t i v e l y  cons tan t  employment, t h e r e  would be a  s h o r t  c o n s t r u c t i o n  peak 

over  about  a  4 o r  5-year pe r i od .  The l o c a l  e f f e c t s  cou ld  be much l a r g e r  

because o f  i n s u f f i c i e n t  t ime t o  pay f o r  a d d i t i o n a l  f a c i l i t i e s  needed f o r  

t h e  c o n s t r u c t i o n  workers.  

Long-term l o c a l  employment and bus iness e f f e c t s  r e s u l t  f rom employment 

o f  ope ra t i ng  personnel . General l y  , t h e  e f f e c t  i s  des i  r a b l e  because f u e l  

c y c l e  f a c i l i t i e s  p r o v i d e  permanent jobs  f o r  l ong  per iods  o f  t ime.  I n  t h e  

case o f  a  s i n g l e  IFCF, employment would b u i l d  up t o  about 10,000 ope ra t i ng  

personnel,  o r  about h a l f  t h a t  number f o r  two IFCFs, by t h e  year  2000. No 

conc lus ion  can be made as t o  whether an IFCF i s  more f a v o r a b l e  than a  DFCF 

because t h e  b e n e f i t s  depend p r i m a r i l y  on t he  err~ployment c o n d i t i o n s  i n  t h e  

reg ion .  As an example, an IFCF l oca ted  a t  a  s i t e  w i t h  f u l l  employment 

would r e s u l t  i n  l e s s  b e n e f i t  than would severa l  f a c i l i t i e s  l o c a t e d  a t  s i t e s  

w i t h  s i g n i f i c a n t  unemployment. 

The p r o p e r t y  t a x  base f o r  a county  o r  even a  s t a t e  r e c e i v i n g  an IFCF 

cou ld  be enormously increased.  Some means of shar ing  t h i s  l a r g e  amount o f  

income w i t h  o t h e r  p o l i t i c a l  subd i v i s i ons  m i g h t  be necessary. 



I t  i s  concluded t h a t  ne i the r  the cons t ruc t i on  nor operat ing work force 

should over tax comnunities such as those adjacent t o  Hanford. 

5.6.3 Labor E f f e c t s  

Four general types o f  1  abor are  r e l a t e d  t o  opera t ion  o f  f u e l  c y c l e  

f a c i l i t i e s :  

1. Construct ion,  

2. Technical and managerial operat ing personnel , 

3. Nontechnical operat ing personnel , and 

4. Employees of serv ice  i n d u s t r i e s .  

The general e f f e c t  o f  an IFCF o r  DFCFs on these types o f  l abo r  w i l l  

depend p r i m a r i l y  on the  l o c a t i o n  o f  t he  f a c i l i t i e s .  Construct ion i n  a  

reg ion w i t h  h igh  unemployment w i l l  decrease the  unemployment and w i l l  reduce 

t h e  number o f  persons who must move t o  the  s i t e  t o  provide the  necessary 

employees. On the  o the r  hand, cons t ruc t i on  i n  a  reg ion  w i t h  f u l l  employment 

w i l l  r e q u i r e  obta in ing  e s s e n t i a l l y  a l l  a d d i t i o n a l  employees from other  

l oca t ions .  

The primary d i f f e rences  between DFCFs and an IFCF f o r  cons t ruc t i on  

l abo r  are: (1 ) l e s s  t o t a l  l abo r  i s  requ i red  f o r  an IFCF and ( 2 )  t he  l o c a l  

l abo r  problems probably are  l e s s  f o r  the  IFCF than f o r  t he  DFCFs. This 

l a t t e r  s i t u a t i o n  r e s u l t s  from the  r e l a t i v e l y  continuous cons t ruc t i on  program 

a t  an IFCF. I f  the  IFCF f a c i l i t i e s  are  b u i l t  a t  a  r e l a t i v e l y  uni form r a t e ,  

the  cons t ruc t i on  and re1 a  ted se rv i ce  i n d u s t r y  employees should remain 

r e l a t i v e l y  constant  f o r  the  r e l a t i v e l y  long per iod  w h i l e  a l l  f a c i l i t i e s  are  

being b u i l t .  This con t ras ts  w i t h  the  l a r g e  bui ldups and then reduct ions i n  

const ruc t ion  l a b o r  fo rces  over a  r e l a t i v e l y  s h o r t  t ime a t  each o f  the DFCFs. 

The general e f f e c t  on techn ica l ,  managerial, and nontechnical operat ing 

personnel and r e l a t e d  serv ice  employees genera l ly  w i l l  be about the  same f o r  

e i t h e r  DFCFs o r  an IFCF. I n  general, most o f  these persons w i l l  have t o  

move t o  the  general v i c i n i t y  o f  t h e  f a c i l i t i e s  unless they are  b u i l t  i n  a  



r e g i o n  w i t h  l a r g e  unemployment among persons w i t h  t h e  d e s i r e d  c a p a b i l i t i e s .  

They would have no cho i ce  as t o  t h e  r e g i o n  o f  t h e  coun t r y  t h a t  t hey  must 

l i v e  i n  i f  an :IFCF f a c i l i t y  i s  b u i l t .  They would have a  broad cho i ce  if 

DFCFs a r e  b u i  1  t . 

An advantage o f  an IFCF f o r  t e c h n i c a l  people i s  t h e  presence o f  a  

l a r g e  number o f  persons w i t h  s i m i l a r  educa t ion  and work a c t i v i t i e s .  Th is  

would p r o v i d e  g r e a t e r  o p p o r t u n i t y  f o r  p r o f e s s i o n a l  con tac t s  and development. 

5.6.4 Cap i t a l  and Cash Flow E f f e c t s  

As a  genera l  r u l e ,  t he  c a p i t a l  and o p e r a t i n g  c o s t s  f o r  i n d u s t r i a l  

f a c i l i t i e s  decrease as t h e  s i z e  i s  increased and t h e  number o f  f a c i l i t i e s  

i s  reduced. T h i s  r e s u l t s  f rom t h e  economies o f  sca le  by use of l a r g e r  

f a c i l i t i e s  and more e f f i c i e n t  use o f  personnel .  

On t h e  o t h e r  hand, when t h e  number o f  f a c i l i t i e s  i s  reduced, t h e  

t r a n s p o r t a t i o n  c o s t s  f o r  raw m a t e r i a l s  and p roduc ts  inc rease  because o f  t h e  

l onge r  d i s t ances  f rom supp ly  sources t o  t h e  process ing f a c i l i t i e s  and f rom 

t h e  f a c i l i t i e s  t o  t h e  l o c a t i o n s  where t h e  p roduc ts  a r e  used. 

The genera l  r e l a t i o n s h i p s  between p l a n t  c a p a c i t y  and cos t s  a r e  as 

f o l l o w s  f o r  reprocess ing  and f u e l  f a b r i c a t i o n  p l a n t s :  

P l a n t  S ize  - R e l a t i v e  U n i t  Cost o f  A c t i v i t y  

(Tonnes/day ) Reprocessing F a b r i c a t i o n  

T r a n s p o r t a t i o n  cos ts ,  on t h e  o t h e r  hand, g e n e r a l l y  a r e  d i r e c t l y  pro-  

p o r t i o n a l  t o  t h e  d i s t a n c e  t r a v e l  ed. However, because t hey  genera l  l y  r e p r e -  

sen t  l e s s  than 20% o f  t h e  t o t a l  f u e l  reprocess ing  and f a b r i c a t i o n  cos t s ,  



t he  increase i n  t r a n s p o r t a t i o n  cos ts  i s  n o t  expected t o  exceed the decrease 

i n  o ther  cos ts  when an IFCF i s  subs t i t u ted  f o r  DFCFs. 

An important  p a r t  o f  the  t ranspor ta t i on  c o s t  i s  the  i n t e r e s t  c o s t  on 

enriched uranium. Longer t r a n s p o r t a t i o n  d is tances r e s u l t  i n  h igher  i n t e r e s t  

costs because the  uranium has t o  be produced e a r l i e r .  

One o f  t h e  pr imary causes o f  lower cos ts  f o r  a c e n t r a l i z e d  f a c i l i t y  i s  

the  a b i l i t y  t o  use b e t t e r  equipment and more h i g h l y  t r a i n e d  personnel. I n  

many cases, as the  capac i ty  i s  increased, i t  i s  advantageous t o  convert  

from manual t o  automated operat ions. As a r e s u l t ,  t he re  a r e  lower personnel 

cos ts  and more un i fonn products. Human e r r o r  i s  reduced, and f a c i l i t i e s  

general l y  have a h igher opera t ing  e f f i c i e n c y  because machinery can operate 

cont inuously.  As an example, a s i n g l e  l a rge  r a i l  ya rd  might  have automated 

c l a s s i f i c a t i o n  equipment, whereas such equipment could n o t  be j u s t i f i e d  f o r  

e i g h t  separate smal ler  yards. 

An IFCF would be expected t o  have a d i f f e r e n t  cash f l o w  schedule than 

those f o r  DFCFs. The t o t a l  cash f l o w  dur ing  t h e  f i r s t  20 years probably 

would be lower than f o r  the  DFCF because o f  the  lower average u n i t  costs.  

However, t he  i n i t i a l  expenditure would be h igher because o f  t he  l a r g e r  p l a n t  

f a c i  1 i t i e s  and land requ i  r m e n t s .  Whereas the  f i r s t  DFCF reprocessing p l a n t  

might  have a capac i ty  o f  600 MT/year, t he  f i r s t  IFCF reprocessing p l a n t  

would have a capac i ty  o f  6000 MT/year, and would cos t  about 2.25 t imes as 

much. S i m i l a r l y ,  t h e  i n i t i a l  land and support ing f a c i l i t y  costs probably 

would be considerably h igher  f o r  the  IFCF. 

I n  summary, a l i m i t a t i o n  t o  one o r  two IFCFs i s  expected t o  produce a lower 

t o t a l  f u e l  c y c l e  cos t  than a l a r g e  number o f  DFCFs. A l a r g e r  i n i t i a l  expendi- 

t u r e  would be needed t o  i n i t i a t e  the  IFCF, b u t  the  lower f u e l  cyc le  cos ts  

should s t i l l  make t h i s  l a r g e r  expenditure a t t r a c t i v e .  

5.6.5 Timlng 

The schedule d i f f i c u l t i e s  which are c u r r e n t l y  being experienced w i t h  

the  DFCF reprocessing p l a n t s  have r e s u l t e d  i n  a ser ious spent f u e l  storage 



problem. The IFCF schedules must g i v e  p r i o r i t y  a t t e n t i o n  t o  t h i s  s torage 

problerr~. I t  i s  f eas ib le ,  w i t h  o n l y  a minor cos t  and o v e r a l l  schedule impact, 

t o  b u i l d  the  spent f u e l  storage bas in  i n i t i a l l y  and complete the  cont iguous 

reprocessing p l a n t  i n  a secondary c o n s t r u c t i o n  phase. While t h i s  approach 

o f f e r s  some storage r e l i e f ,  normal bas in  s torage a t  a reprocessing p l a n t  

u s u a l l y  i s  s ized a t  l e s s  than one y e a r ' s  product ion.  Oversized basins per- 

haps s u i t a b l e  f o r  t h e  l a t e r  j o i n t  use o f  two o r  more l a r g e  reprocessing 

p l a n t s  could prov ide  the  s o l u t i o n .  Large IFCF c e n t r a l  basins would r e q u i r e  

subsequent secondary hand l ing  o f  t h e  f u e l  which would c rea te  h igher  operat-  

i n g  costs.  Some temporary i n i t i a l  storage may a l s o  be poss ib le  i n  e x i s t i n g  

Hanford f a c i  1 i ti es. 

A p r e l i m i n a r y  examinat ion o f  c o n s t r u c t i o n  schedul ing i s  shown i n  

F igure  9. S i t e  p repara t ion  and t r a n s p o r t a t i o n  f a c i l i t i e s  a re  essen t i a l  t o  

t h e  t o t a l  c o n s t r u c t i o n  e f f o r t  and can be s t a r t e d  very  r a p i d l y .  P r i o r i t y  i s  

then g iven t o  spent f u e l  storage basins.  The f u e l  s torage s t r u c t u r e s  a re  

l a r g e  covered concrete basins u s u a l l y  about 3 f u e l  lengths  deep (about 
2 50 f t ) ,  r e q u i r e  about 5 f t  per  tonne o f  f u e l  and would r e q u i r e  r a i l r o a d  

o r  road connections, cask unloading f a c i l i t i e s  and bas in  water c lean  up 

a u x i l i a r i e s .  I n  an area such as Hanford, where t h e  geology i s  w e l l  under- 

stood, i t  should be f e a s i b l e  t o  rece i ve  f u e l  th ree  years a f t e r  i n i t i a t i o n  

o f  the IFCF p r o j e c t .  

If does n o t  appear l i k e l y  t h a t  the  f i r s t  reprocessing p l a n t  cou ld  be 

i n  p roduct ion  i n  l e s s  than 5 years.  To approach a 5-year schedule, engineer- 

i ng  would have t o  be w e l l  under way when the  IFCF e f f o r t  i s  i n i t i a t e d .  

Once the  IFCF has a f u e l  reprocessing p l a n t  i n  product ion,  t h e  need 

f o r  t h e  r e s t  o f  t h e  IFCF complex begins t o  develop. It i s  f e a s i b l e  t o  s t o r e  

several years o f  f u e l  hul  I s ,  s t o r e  P u ( N O ~ ) ~  on s i t e ,  s h i p  UF6 o f f s i t e  and 

s t o r e  ca l c ined  waste i n  t he  same f u e l  basins which a re  being emptied as 

spent f u e l  reprocessing proceeds. The U02 f u e l  f a b r i c a t i o n ,  waste f i x a t i o n  

f u e l  reprocessing and r e t r i e v a b l e  waste storage f a c i l i t i e s  cou ld  come on 

1 i n e  many years a f t e r  t h e  f i r s t  reprocessing p l a n t  s t a r t s  up. 
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To meet the  spent f u e l  d e l i v e r i e s  t o  the  IFCF a n t i c i p a t e d  i n  2000, 

several very l a r g e  reprocessing p l a n t s  a re  envisioned. These p lan ts  would 

r e q u i r e  l a r g e  cons t ruc t i on  e f f o r t s ,  each on the average needing 2000 t o  

2500 cons t ruc t i on  workers a t  t he  peak o f  const ruc t ion .  To meet the  demand 

f o r  spent f u e l  reprocessing, more than one p l a n t  would be under cons t ruc t i on  

a t  any one t ime. Also o the r  f a c i l i t i e s  such as waste f i x a t i o n  and mixed 

ox ide fuel f a b r i c a t i o n  w i l l  r e q u i r e  s i zab le  cons t ruc t i on  crews. A cont inu-  

i n g  cons t ruc t i on  work f o r c e  o f  4000 t o  5000 workers would be requ i red  

through the  year 2000. 

The purposes o f  comparison, the  o r i g i n a l  cons t ruc t i on  schedule f o r  the  

AGNS p l a n t  i s  a l s o  shown on F igure  9. It i s  noted t h a t  t he  AGNS schedule 

a n t i c i p a t e d  r e c e i p t  of  spent fuel i n  a l i t t l e  l ess  than 3 years a f t e r  the  

s t a r t  o f  cons t ruc t i on  w i t h  reprocessing c a p a b i l i t y  about on year  l a t e r .  

A schedljle s l ippage o f  a year and one h a l f  has been o f f i c i a l l y  recognized. 

The Midwest Fuel Reprocessing P lan t  had an o r i g i n a l  schedule s i m i l a r  t o  t h a t  

o f  AGNS and was over  th ree  years behind scheduled s t a r t u p  when General 

E l  e c t r i  c announced major process changes would be requ i red  f o r  p l  a n t  opera- 

t i o n .  The IFCF schedule proposed a n t i c i p a t e s  f u e l  storage capabi l  i t y  by 

some 18 months l e s s  t ime than t h e  c u r r e n t  AGNS schedule and product ion  

c a p a b i l i t y  i n  6 months l e s s  t ime. 

IFCF/DFCF Comparisons 

The AGNS schedule as now c u r r e n t l y  adjusted should provide some r e l i e f  

t o  the  spent f u e l  storage problem w i t h i n  the  next  18 months. The f i r s t  IFCF 

spent f u e l  storage w i l l  n o t  be a v a i l a b l e  f o r  t h ree  years a f t e r  s t a r t  o f  con- 

s t r u c t i o n .  There does appear t o  be an i n i t i a l  per iod f o r  the  TFCF when some 

loss  o f  f u e l  storage and f u e l  reprocessing c a p a b i l i t y  e x i s t s .  This i n i t i a l  

s i t u a t i o n  should, however, be cor rec ted by the  e a r l y  e igh t i es .  The s i t e  

s tudies,  l i c e n s i n g  and p u b l i c  r e l a t i o n s  f o r  the  IFCF should be g r e a t l y  

s i m p l i f i e d ,  and much o f  the  l o s t  t ime associated w i t h  the  m u l t i p l i c i t y  o f  

problems a t  each DFCF s i t e  would be recovered. The concent ra t ion  o f  c r a f t  

and pro fess iona l  s k i l l s  a t  the  IFCF should make f u r t h e r  c o n t r i b u t i o n s  t o  

improved schedule performance. 



6.0 POLICY IMPACT 

This sec t i on  i d e n t i f i e s  a number o f  items considered worthy o f  i n v e s t i -  

gat ion.  Few conclusions are presented regarding AEC pol  i c y  formulat ion.  

Several terms appearing i n  t h i s  sec t ion  may have very  s p e c i f i c  meanings 

when used i n  o f f i c i a l  r e g u l a t o r y  documents. Examples a r e  t h e  words, 

I1policy,ll " r e s t r i c t i o n , "  " regulat ion,"  " l eg i s la t i on , "  and "con t ro l . "  How- 

ever, as used i n  t h i s  sect ion,  these words a r e  considered t o  have such 

meanings as would be cormionly understood by the  average technical  person. 

It i s  hoped t h a t  t h e  use o f  such terms i n  t h i s  l ess  prec ise  manner w i l l  

n o t  cause misunderstanding. 

F ive  broad quest ions provide a framework f o r  analyses o f  IFCF pol i c y  

considerat ions:  

1. What f a c i l i t i e s  should be inc luded? 

2. What a r e  t h e  advantages? 

3. What a r e  t h e  disadvantages? 

4. What a re  the  s i t e  considerat ions? 

5. What a r e  t h e  implementation considerat ions? 

Two matters must be d e a l t  w i t h  e a r l y :  which branch o f  t he  Commission should 

have r e s p o n s i b i l i t y  f o r  answering the  above quest ions i n  s u f f i c i e n t  depth t o  

a l l o w  a dec is ion  on whether and how t o  proceed w i t h  a gener ic  environmental 

statement on the  concept? (The impact statement should answer a l l  quest ions 

i n  depth and should p o i n t  t o  a decis ion.)  What a r e  t h e  t im ing  imperat ives 

f o r  r e q u i r i n g  new fac i  1 i t i e s  t o  be located a t  an IFCF (e.g., as soon as 

possib le,  i n  t ime t o  accomnodate LMFBR comiiercial i zat ion,  holdup o f  announced 

p l a n t s  u n t i l  the  IFCF i s  confirmed o r  re jec ted )?  

A d e t a i l e d  s t r u c t u r e  f o r  t he  f i v e  quest ions i s  presented i n  the  f o l l o w -  

i n g  paragraphs. 

Several types o f  f a c i l i t i e s  a re  basic t o  the  IFCF concept: spent f u e l  

processing, f u e l  f a b r i c a t i o n ,  waste management, and h igh  enrichment. 



However, severa l  op t i ons  e x i s t  f o r  f u e l  f a b r i c a t i o n  and waste management 

f a c i l i t i e s .  P l a n t s  f a b r i c a t i n g  o n l y  LWR-U02 f u e l  cou ld  be e i t h e r  l o c a t e d  

a t  t h e  IFCF s i t e  o r  d ispersed  throughout  t h e  n a t i o n .  ( I n  any event,  t h e  

p l a n t s  f a b r i c a t i n g  LWR-mixed ox ide,  HTGR, and LMFBR f u e l  would be l o c a t e d  

ons i  t e .  ) Waste management f a c i  1  i t i e s  would i n c l u d e  t h e  RSSF f o r  h i g h - l e v e l  

waste and, most  l i k e l y ,  s to rage  f o r  a waste, c l a d d i n g  h u l l s ,  i od ine ,  nob le  

gases, reprocess ing  p l a n t  t r i t i u m ,  and a-B-y waste. Storage o f  B-y wastes, 

i n c l u d i n g  r e a c t o r  t r i t i u m ,  generated o f f s i t e  cou ld  be accompl ished a t  d i s -  

persed commercial b u r i a l  grounds a1 ready i n  ex i s tence  o r  a t  IFCF b u r i a l  

grounds. Cons idera t ions  o f  u l t i m a t e  d i sposa l  cou ld  e n t e r  i n t o  s e l e c t i o n  of  

t he  IFCF s i t e ,  o r  t h e  l o c a t i o n  cou ld  be determined independent l y  o f  such 

c o n s i d e r a t i o n s .  

Other f a c i l i t i e s  may be l o c a t e d  a t  t h e  IFCF. P o s s i b i l i t i e s  i n c l u d e  

development f a c i l i t i e s  f o r  t e c h n i c a l  suppor t  o f  o n s i t e  opera t ions ,  s a t e l l i t e  

ope ra t i ons  (manufacture o f  neu t ron  sources, p l  u  t o n i  um dev i ces )  , c e n t r a l  i zed 

s to rage  f o r  i n v e n t o r i e s  o f  m a t e r i a l s  n o t  in-process,  and p o s s i b l y  r e a c t o r s .  

The advantages and disadvantages o f  t h e  IFCF a r e  d iscussed  i n  o t h e r  

sec t i ons  o f  t h i s  r e p o r t .  Implementat ion o f  t h e  IFCF would n e c e s s i t a t e  

p o l i c y  changes t o  c a p i t a l i z e  on t h e  advantages and t o  m in im ize  e f f e c t s  o f  

t h e  d isadvantages.  Imp1 i c a t i o n s  o f  t h e  advantages i n c l u d e  t h e  f o l l o w i n g :  

( 1  ) e l i m i n a t i o n  o f  t r a n s p o r t a t i o n  o f  s t r a t e g i c  m a t e r i a l s  except  as f r esh  o r  

spent f u e l  ; ( 2 )  reduced r e s t r i c t i o n s  on t r a n s f e r s  o f  m a t e r i a l  s  between 

f a c i l i t i e s  ( o f f s i t e  sh ipp ing  r e g u l a t i o n s  would n o t  a f f e c t  o n s i t e  t r a n s f e r s  

between reprocess ing  and f a b r i c a t i o n  p l a n t s )  ; (3 )  f a s t e r  response t o  d i v e r -  

s ion,  th rough  c o o r d i n a t i o n  w i t h  government agencies;  and ( 4 )  e a s i e r  mon i t o r -  

i n g  o f  m a t e r i a l  movements and o f  o n s i t e  i n v e n t o r i e s .  

Imp1 i c a t i o n s  o f  t h e  disadvantages i n c l u d e  t h e  f o l l o w i n g :  (1  ) Local  

e f f e c t s  o f  r e l eases  o f  a l l  e f f l u e n t s  c o u l d  be g r e a t e r  because o f  t h e  pro-  

l i f e r a t i o n  o f  f a c i l i t i e s  a t  one l o c a t i o n .  ( 2 )  Economic p e n a l t y  i s  p o s s i b l e  

because o f  r e s t r i c t i o n s  on p r i v a t e  i n d u s t r y  i n  t h e  cho i ce  of geographic  

l o c a t i o n .  ( 3 )  Labor s t r i k e s  cou ld  have a  magn i f i ed  e f f e c t ,  w i t h  a l l  f a c i l i -  

t i e s  a t  one s i t e ,  and cou ld  thus  reduce t h e  f u e l  supp ly  r e l i a b i l i t y .  



(4)  To minimize t r a n s p o r t a t i o n  o f  ma te r i a l  s  between s i t e s ,  balanced produc- 

t i o n  among the  IFCF f a c i l i t i e s  would be requ i red .  Cont ro ls  would be needed 

which might  tend t o  reduce the  i n c e n t i v e  f o r  innovat ion  because the  customers 

would i n  e f f e c t  be cap t i ve .  (5 )  To minimize t ranspor ta t i on ,  u t i l i t i e s  w o u l d  

be cap t i ve  customers o f  p a r t i c u l a r  s i t e s .  

Many quest ions could be asked regard ing  s e l e c t i o n  o f  the  IFCF s i t e .  

How many s i t e s  should t h e r e  be and who should s e l e c t  them? I f  more than 

one s i t e ,  should a  minimum and a  maximum be s e t  on the  t o t a l  nuclear  gener- 

a t i n g  capac i t y  served? Should t h e  s i t e  be r e s t r i c t e d  t o  se rv i ce  of a  spec i -  

f i c  reg ion?  Should u t i l i t i e s  be l i m i t e d  t o  dea l i ng  w i t h  a  p a r t i c u l a r  s i t e ?  

Should t h e  land be f e d e r a l l y  owned? I f  f e d e r a l l y  owned, should spec ia l  

cons ide ra t i on  be g iven t o  use of AEC s i t e s ?  What, if any, should be t h e  

spec ia l  safeguards s i  t i v g  requirements f o r  IFCF (e.g . , remote l oca t i on ;  

placement o f  c e r t a i n  f a c i l i t i e s  underground; p rov i s ions  f o r  accommodating 

a d d i t i o n a l  f a c i l i t i e s  i n  t h e  f u t u r e ) ?  What a re  the  cons t ra in t s  d i c t a t e d  by 

safety cons idera t ions  (maximum s i z e  i n  terms of r e a c t o r  MW accommodated, 

r e s t r i c t i o n s  on i n d i v i d u a l  l oca t i ons  of a c t i v i t i e s  w i t h  respect  t o  each 

o the r )?  

Implementing t h e  IFCF invo l ves  numerous po l  i c y  dec is ions .  The federal  

government could own a l l ,  some, o r  none of t h e  f a c i l i t i e s .  Some of the  

f a c i l  i t i e s  cou ld  be operated by the  fede ra l  government (e.g . , waste manage- 

ment, guard f o r c e ) .  Common f a c i l i t i e s ,  such as roads and u t i l i t i e s ,  cou ld  

be fu rn ished by t h e  fede ra l  government, by Roane-Anderson arrangement, o r  

by p r i v a t e  i ndus t r y .  Federal g ran ts  may be necessary t o  s t i m u l a t e  t h e  

IFCF concept, as w e l l  as "grandfather"  clauses t o  p r o t e c t  comnit ted p r i v a t e  

f a c i l i t i e s .  Mandatory subsc r fp t i on  t o  c e n t r a l  i zed  serv ices  (guards, t rans-  

po r t ,  moni tor ing,  s tacks)  may be necessary. Government funding and reim- 

bursement fo r  a c t i v i t i e s  perfdrmed ( l and  a c q u i s i t i o n ,  cons t ruc t i on ,  waste 

management) would have t o  be determined. The method of s e l e c t i o n  of the  par -  

t i c i p a n t s  would have t o  be es tab l ished (e.g., f i r s t  come, f i r s t  served; i n v i t a -  

t i on ;  no r e s t r i c t i o n s ;  r e s t r i c t i o n s  based on main ta in ing  a  balance between 

processing and f a b r i c a t i o n  capac i ty ) .  Special  l e g i s l a t i o n  may be requ i red ,  

e.g., t o  l i m i t  p l a n t  l oca t i ons .  



Special regu la tory  requirements almost c e r t a i n l y  inc lude the fo l low-  

ing:  a  general environmental impact statement on the IFCF concept, inc lud-  

i ng  s i t e  se lec t ion;  environmental statements f o r  i nd iv idua l  s i tes ,  inc lud ing 

the t o t a l  safeguards plan; and prov is ion f o r  r a t e  equal iza t ion f o r  spent 

fue l  i n  and f resh  f ue l  out  i n  order t o  compensate f o r  l i m i t a t i o n s  imposed 

on the l oca t i on  and number o f  s i t e s  prov id ing f u e l  cyc le  services. (There 

may be an economic penal ty associated w i t h  the r e s t r i c t i o n s  o f  the IFCF 

concept. ) 

Other agencies (Federal, s ta te ,  l o c a l )  may be involved i n  helping the 

AEC analyze the IFCF concept. How does the AEC obta in  the p a r t i c i p a t i o n  o f  

these groups and a t  what stage? 



7.0 ALTERNATIVES 

The IFCF approach i s  o n l y  one o f  many poss ib le  ways o f  a1 t e r i n g  the  

DFCF case. Radical r e d i r e c t i o n s  from present  na t i ona l  plans are possib le,  

such as developing a1 t e r n a t i v e  nucl  ear and/or nonnuclear power generators 

(or  a t  l e a s t  changing t h e  r e a c t o r  mix)  i n  order  t o  reduce t h e  problems o f  

emissions, acc identa l  release, safeguards, and waste d isposal  i n  the  

associated f u e l  cycles. Less extensive changes, each o f  which a t tacks  o n l y  

p a r t  o f  t h e  1 i s t  of problems, i nc lude  1 ) sharp ly  reducing t h e  volume o f  

waste generated through implementation o f  new process procedures and 

c o n t r o l  s, 2) e l  im ina t ing  f u e l  reprocessing through storage o f  spent fuel 

3)  e l  im ina t ing  1 i q u i d  reprocessing o f  spent f u e l  (sol  i d  processes on ly ) ,  

4) opera t ing  f a c i l i t i e s  on a "zero-release" bas is  w i t h  s u b s t a n t i a l l y  

increased recyc le  o f  waste, and 5)  r e l o c a t i o n  o f  f u e l  cyc le  f a c i l i t i e s .  

The IFCF approach p r i m a r i l y  represents the  l a s t  c lass o f  chauges bu t  

i nc l  udes p o t e n t i a l  f o r  reducing wastes. 

Other exampl es which i n c l  ude r e l o c a t i o n  opt ions  are nucl ear energy 

centers and p lutonium parks. 

Features o f  a nuclear  energy center  i nc lude  a l a r g e  i n s t a l l e d  e l e c t r i c  

power p l a n t  capaci ty ,  perhaps i n  t h e  range o f  10 t o  40 GWe, p lus  f a c i l i t i e s  

f o r  f u e l  reprocessing and f a b r i c a t i o n ,  p lutonium recyc le  and f a b r i c a t i o n ,  

waste hand1 i n g  and u t i  1 i z a t  ion, and p r o v i s i o n  o f  necessary environmental 

p ro tec t i on .  The p l a n t s  cou ld  be o f  d i f f e r e n t  types, e.g., l i g h t  water and 

breeder reactors,  and the  centers could inc lude var ious energy i n t e n s i v e  

i ndus t r i es .  Based upon the  p ro jec ted  Un i ted  S ta tes '  need f o r  1200 GWe by 

the  year 2000, the re  could be between 30 and 120 such energy centers located 

throughout the  country. Th is  approach i s  contrasted w i t h  the  IFCF concept, 

which would r e q u i r e  a 1 i ke number of s i t e s  f o r  t h e  power generat iug reac to rs  

bu t  would con ta in  a l l  support ing fuel c y c l e  f a c i l i t i e s  w i t h i n  a s ing le ,  

i s o l a t e d  s i t e .  

Plutonium parks would con ta in  a l l  plutonium handl ing f a c i l i t i e s  

i nc l  ud i  ng a mix o f  p l  u t o n i  um burning and breeding reac tors ,  p l u t o n i  urn 



fue l  f ab r i ca t i on ,  reprocessing, and waste handl ing. Uranium burning 

reac to rs  would be l oca ted  e x t e r n a l l y  t o  the plutonium park. As i n  the  case  

o f  t he  energy centers,  a number o f  l o c a t i o n s  f o r  the  f u e l  cyc le  supporL 

f a c i l i t i e s  would be requ i red  as compared t o  a s i n g l e  IFCF s i t e .  Roughly 

one t h i r d  o f  the  f u e l  f a b r i c a t e d  i n  t he  year  2000 i s  expected t o  be p l u -  

tonium enriched. Thus i t  would be est imated t h a t  10 t o  40 p lutonium 

parks would be needed i f  each conta ined 10 t o  40 GWe. 

I n  the  contex t  o f  t h i s  study, t h a t  i s ,  improving waste management, 

n e i t h e r  p lutonium parks nor  nuc lear  energy centers reduce the  number o f  

s i t e s  con ta in ing  fuel  c y c l e  f a c i l i t i e s  compared t o  the  base :IFCF concept. 



8.0 RESEARCH AND DEVELOPMENT CONSIDERATIONS 

Technical developments requ i red  f o r  t h e  IFCF are  d i rec ted  p r i n c i p a l l y  

t o  t h e  areas of waste management, emission con t ro l s ,  eco loq ica l  proqrams, 

r a d i o l o g i c a l  t ranspor t  and pathways, and reprocessing p l a n t  equipment. 

The generated volume o f  uncompacted a1 pha waste i s  est imated a t  some 
7 3 10 f t  i n  t h e  yea r  2000 alone. Although compaction would reduce t h i s  

volume by a f a c t o r  o f  about three, i t  i s  important  t h a t  t he  research and 

development work i n  areas o ther  than compaction be bol s tered and accel erated, 

t o  fu r the r  reduce t h e  volume and t o  remove some o f  t h e  contained rad io -  

a c t i v i t y .  

Table 19 presents an est imate o f  t he  volume and plutonium weight 

f r a c t i o n s  f o r  several major categor ies o f  alpha waste which would be 

generated i f  f u e l  f a b r i c a t i o n  and scrap recovery p l a n t s  were operated a t  t h e  

present s ta te -o f - the -a r t  u n t i l  t h e  year 2000. It f u r t h e r  assumes f u l l  

p lutonium r e c y c l e  and maximum plutonium loadings and t h a t  a count ing 

c a p a b i l i t y  would be developed t o  t h e  p o i n t  t h a t  nonsuspect waste could be 

c e r t i f i e d  f o r  nonre t r ievab l  e storage. 

TABLE 19. Generation o f  Ret r ievab le  Stored Alpha Waste t o  
Year 2000 w i t h  Present S ta te-o f - the  A r t  Techno1 ogy 

Category 
Vol ume Fract ion, P l  utonium Weight 

percent Fract ion, percent 

1. Cement S l  udge 10-1 5 15-25 
2. Uncompacted G l  oveboxes and 15-20 5-1 0 

Long-Lived Equipment 
3. Uncompacted Short-L i ved 

Equipment and Tool s 5-1 0 10-15 
4. Process So l i ds  2-3 15-25 
5. HEPA F i  1 t e r s  5-1 0 5-1 0 
6. Compacted Operat ing and 

Housekeeping Mate r ia l  s 40- 50 20-30 



Various research and development programs and t h e i r  p o t e n t i a l  impact 

on volume and r a d i o a c t i v i t y  reduct ions  a re  shown i n  Table 20. The f r u i t i o n  

o f  t h i s  work might r e s u l t  i n  volume reduct ions  o f  from 55 t o  85% and a 

removal o f  plutonium o f  from 40 t o  80%. Thus, as a r e s u l t  o f  compaction 

and d i r e c t  t reatment  o f  these wastes, an o v e r a l l  volume reduc t ion  by a 

f a c t o r  o f  about 15 and a reduct ion  i n  r a d i o a c t i v i t y  by a f a c t o r  of about 

2 might be achieved. Th is  would be subs tan t ia l .  

TABLE 20. P o t e n t i a l  A1 pha Wastes Volume and Plutonium Reductions 

Category 

1. Cement Sludge Feed Mater ia l  
2. Uncompacted Gloveboxes and 

Long-Lived Equipment 
3. Uncompac ted  Shor t -L i  ved 

Equipment and Tools 
4. Process Sol i d s  
5. HEPA f i l t e r s  - A i r  Treatment 
6. Compacted Operat ing and 

Housekeeping Mate r ia l s  

Po ten t ia l  
Po ten t ia l  P l  u t o n i  um 
Vo 1 ume Weight 
Reduction, Reduction, 
percent  percent  

Radioiodine re lease t o  the  environment present ly  appears t o  be t h e  

1 i m i  t i n g  e f f  1 uent  from t h e  standpoint  o f  r a d i a t i o n  dose. Release f r a c -  

t i o n s  o f  about 8 x f o r  1 2 9 ~  and 1.5 x f o r  13'1 a re  presented i n  

the Barnwell Envi ronmental Report. (28) Using these same re lease f r a c t i o n s  

f o r  r a d i o i o d i n e  a t  t he  reference IFCF r e s u l t s  i n  i n f a n t  t h y r o i d  doses o f  

approximately 30 mremlyr a t  t h e  s i  t e  boundary. 

To achieve a dose value more compatible w i t h  the  i n t e n t  o f  t h e  ALAP 

concept, improven~ents 'in i o d i n e  removal systems are requ i red  t o  reduce t h e  

q u a n t i t y  discharged t o  t h e  atmosphere. Removal systems which produce 

decontamination f a c t o r s  (DFs) on t h e  order  o f  1000 w i l l  be requ i red  t o  

accomplish t h e  necessary reduct ion .  Consistent DFs o f  1000 a re  n o t  rou- 

t i n e l y  achieved using e x i s t i n g  s ta te -o f - the -a r t  techniques, and, depending 



upon t h e  t ime frame, programs t o  develop the  necessary systems might 
. r e q u i r e  a d d i t i o n a l  emphasis. 

~ c o l o g i c a l  research programs have n o t  kept  pace w i t h  the  need f o r  

nuc lear  energy. Table 21 shows some o f  t h e  eco log i ca l  research and 

development programs needed f o r  nuc lear  f a c i l i t i e s .  As can be seen i n  

the  tab le ,  t he  research needs a re  d i ve rse  and the  number of programs 

requ i red  i n  t he  dispersed f a c i l i t y  case w i l l  be many t imes the  i n t e -  

grated f a c i l i t y  case. 

TABLE 21. Ecological  Research and Development Programs 

In teg ra ted  Dispersed 
Faci 1 i ty  F a c i l i t i e s  

Primary p r o d u c t i v i t y  ( p l a n t s )  One 
Secondary p r o d u c t i v i t y  (animal s)  One 
Species d i v e r s i t y  One 
Radionucl i d e  t r a n s f e r  One 
Rad ia t ion  e f fec ts  on b i o t a  One 
Meteor01 ogy and c l  imato l  ogy One 
Ground water and surface water One 
S o i l  p rope r t i es  and seismic One 
s tud ies  
Radwaste b u r i a l  procedure One 
Revegetat ion o f  bu r ied  waste 
s i t e s  One 
Unpl anned re1  ease of contami- 
nants As needed 
Transpor ta t ion  accidents As needed 
U n i v e r s i t y  p a r t i c i p a t i o n  One t o  several 

One a t  each s i t e  
One a t  each s i t e  
One a t  each s i t e  
One a t  each s i t e  
One a t  eaall s i t e  
One a t  each s i t e  
One a t  each s i t e  

One a t  each s i t e  
One a t  each s i t e  

One a t  each s i t e  

As needed 
As needed 

Several 

I n  general,  d e f i n i n g  i n fo rma t ion  f o r  t h e  environmental behavior o f  

rad ionuc l i des  re leased from an IFCF i s  about t h e  same as t h a t  requ i red  

f o r  t he  DFCF. D i f f e rences  which occur w i l l  gene ra l l y  be due t o  charac- 

t e r i s t i c s  of t he  spec i f i c  s i t e  r a t h e r  than t h e  p a r t i c u l a r  concepts o r  

q u a n t i t y  of nucl  ides  re leased.  Needed a re  1 abora tory  and f i e l d  conf i rna-  

t i o n s  of p resen t l y  assumed phys ica l  c h a r a c t e r i s t i c s  used t o  p r e d i c t  t h e  

environmental behavior and r e s u l t a n t  r a d i a t i o n  doses. I n  add i t i on ,  



research and development programs re1 ated t o  b i o l o g i c a l  behavior o f  c e r t a i n  

rad ionuc l ides  would a s s i s t  i n  es t ima t ing  doses. Exan~ples of some of these 

programs would inc lude:  

Long-term (several  years)  s tud ies  o f  the  behavior o f  '''1 deposi ted 

i n  the  environs. 

Studies on t h e  i nco rpo ra t i on  o f  long-1 i ved  nuc l i des  i n  organic com- 

pounds i n  animals and occupa t iona l l y  exposed persons. 

Studies aimed a t  t he  iniportance o f  assuming un i fo rm d i s t r i b u t i o n  o r  

ho t  spot  d i s t r i b u t i o n  o f  p lutonium and '"I i n  the  t h y r o i d .  

Except f o r  experimental  v e r i f i c a t i o n  o f  LMFBR and HTGR reprocessing 

f l o w  sheets, which i s  common t o  bo th  t h e  IFCF and DFCFs, t h e  major  problem 

area appears t o  be i n  scale-up o f  e x i s t i n g  process equipment t o  t h e  l a r g e r  

capac i t i es .  The l a r g e s t  commercial reprocessing p l a n t  p r e s e n t l y  being 

considered has a c a p a c i t y  o f  1500 MT/yr, which i s  on t h e  order  of one- four th 

the  capac i t y  expected a t  t h e  l a r g e r  p lan ts .  Such scale-up cou ld  r e s u l t  i n  

c r i t i c a l  i t y  problems, e s p e c i a l l y  when processing f u e l s  c o n t a i n i n g  h igher  

p lutonium concent ra t ions .  Also, t h e  e f f e c t  o f  l a r g e r  equipment s i zes  upon 

processing e f f i c i e n c y  w i l l  have t o  be determined. 
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L e t t e r  and Terms o f  Reference 

f o r  Ad Hoc Study Group 

from F. K. P i t tman  



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

D r .  A .  M. P l a t t  
B a t t e l l e  Memorial I n s t i t u t e  
P a c i f i c  Northwest Laboratory 
Pos t  O f f i c e  Box 999 
Rich land ,  Washington 99352 

Dear M r .  P l a t t :  

C o m i s s i o n e r  Larson h a s  asked me t o  convene a  group of e i g h t  o r  t e n  
e x p e r t s  t o  a d v i s e  on c e r t a i n  problems with  r ega rd  t o :  (1) t h e  chem- 
i c a l  p roce s s ing  of  spen t  f u e l  from, and (2)  t h e  f a b r i c a t i o n  of 
plutonium b e a r i n g  f u e l s  f o r  commercial n u c l e a r  power r e a c t o r s .  

Th i s  i s  t o  r e q u e s t  t h a t  you s e r v e  a s  a  member of  t h i s  group. 

D r .  Larson i s  p a r t i c u l a r l y  i n t e r e s t e d  i n :  (1)  t h e  p o s s i b i l i t y  of 
e l i m i n a t i o n  of  plutonium and o t h e r  s i m i l a r  l ong - l i ved  r a d i o n u c l i d e s  
from t h e  h i g h - l e v e l  was te  s t r e am from spen t  f u e l  p roce s s ing ;  (2) 
t h e  r e d u c t i o n  o f  t h e  amount of  plutonium and s i m i l a r  m a t e r i a l s  i n  
waste  gene ra t ed  by f u e l  f a b r i c a t i o n ;  and (3)  t h e  r e d u c t i o n  of t h e  
volume of  non - r ad ioac t i ve  combus t ib le  and non-combustible m a t e r i a l s  
i n  t h e  r a d i o a c t i v e  was te  from both  spen t  f u e l  p roce s s ing  and f u e l  
f a b r i c a t i o n  p l a n t s .  

S ince  WMT i s  making a  comprehensive s tudy  of  a l l  was te  and decon- 
t amina t i on  problems a r i s i n g  from t h e  n u c l e a r  power i n d u s t r y ,  I have 
inc luded  c e r t a i n  o t h e r  a r e a s  i n  t h e  enc losed  proposed terms of 
r e f e r e n c e  f o r  t h e  adv i so ry  group c o n s i d e r a t i o n s .  

Our p r e s e n t  p l a n s  c a l l  f o r  an i n i t i a l  two-day meet ing h e r e  i n  
Germantown on February 20 and 21,  t o  b e  fol lowed,  i f  nece s sa ry ,  
by one, o r  p o s s i b l y  two, a d d i t i o n a l  one-day meet ings  s h o r t l y  t h e r e -  
a f t e r  e i t h e r  i n  Washington o r  a t  one o f  t h e  AEC i n s t a l l a t i o n s .  You 
w i l l  be informed s h o r t l y  o f  t ime and p l a c e  f o r  t h e  i n i t i a l  mee t ing .  
We expec t  t h a t  f o l l owing  such mee t ings ,  a  r e p o r t  would be  submi t ted  
t o  D r .  Larson and t h e  group disbanded.  

I w i l l  a c t  a s  chairman,and V i r g i l  T r i c e  of  my D iv i s i on  w i l l  s e r v e  
a s  s e c r e t a r y  t o  t h e  group. 



D r .  A. M. P l a t t  February 1 ,  1974 

I f  you have any quest ions or coments  on the  enclosed terms of 
reference,  please contact  me by phone a t  (301) 973-4285, no l a t e r  
than February 7, 1974. 

To a s s i s t  you i n  preparing f o r  the  meeting, I have enclosed flow 
sheets  and c e r t a i n  other da ta  from recent  i n d u s t r i a l  appl ica t ions  
f o r  l icense .  

We hope t o  keep attendance t o  a workable l e v e l ,  but i f  you f e e l  a  
need fo r  technical  backup i n  some of the  areas t o  be covered, please 
l e t  me know a s  soon as  poss ib le  so t h a t  proper arrangements can be 
made. 

Your wil l ingness t o  a s s i s t  us i n  t h i s  study w i l l  be g rea t ly  
appreciated. 

~> 

Frank K. Pittman, Director  
Division of Waste Management 

and Transportat ion 

Enclosures : 
1. Terms of Reference 
2. Selected References from 

License Applications 



Terms of r e f e rence  f o r  Ad Hoc Study Group on Spent Fuel Process ing  
and Plutonium Fuel Fab r i ca t ion :  

P o s t u l a t e  a  Commission p o l i c y  o b j e c t i v e  of des ign ing , cons t ruc t ing  
and o p e r a t i n g  spent  f u e l  process ing  and f u e l  f a b r i c a t i o n  p l a n t s  i n  
such a  way t h a t :  

1. Radioac t ive  m a t e r i a l  e n t e r i n g  t h e s e  p l a n t s  w i l l  e i t h e r :  

A. Be conta ined  i n  process  equipment which i s  designed wi th  
t h e  o b j e c t i v e  t h a t  a l l  r a d i o a c t i v e  m a t e r i a l  in t roduced  
i n t o  t h e  equipment may be e a s i l y  removed therefrom. 

B. Decay t o  a  s t a b l e  s t a t e .  

C. Be r e l e a s e d  t o  t h e  environment i n  l i q u i d  o r  gaseous e f f l u -  
e n t s  below t h e  l e v e l s  allowed by P a r t  20. 

D. Be packaged i n  manageably s i z e d ,  t r a n s p o r ~ a b l e  c o n t a i n e r s  
wi th  a p p r o p r i a t e  p rov i s ions  f o r  coo l ing ,  s h i e l d i n g  and 
containment.  

2. Using b e s t  a v a i l a b l e  technology,  p roces ses ,  p l a n t  des ign  and 
o p e r a t i o n  w i l l  p rovide  f o r :  

A. Rapid r e c y c l e  of r ecove rab le  r a d i o a c t i v e  sc rap  and o f f -  
s p e c i f i c a t i o n  r a d i o a c t i v e  product .  

B. Lowest p r a c t i c a l  volume and amount of  r a d i o a c t i v e  waste.  

C. Smal les t  p r a c t i c a l  i n c l u s i o n  of non-rad ioac t ive ,  non- 
v o l a t i l e  m a t e r i a l  t o  r a d i o a c t i v e  waste.  

D. Segrega t ion  of r a d i o a c t i v e  waste wi th  r e s p e c t  t o :  

i. r a d i o a c t i v e  c h a r a c t e r i s t i c s  ( h a l f  ' l i f e ,  r ad io -  
t o x i c i t y ,  t ype  of r a d i o a c t i v i t y ,  e t c . )  

ii. chemical and phys i ca l  c h a r a c t e r i s t i c s  ( combus t ib i l i t y ,  
s o l u b i l i t y ,  v o l a t i l i t y ,  chemical and phys i ca l  form, 
presence of i n e r t s ,  presence of  chemical ly r e a c t i v e  
c o n s t i t u e n t s ,  e t c . )  

E.  Smal les t  p r a c t i c a l  i n v e n t o r i e s  of r a d i o a c t i v e  m a t e r i a l  
(product ,  s c r ap  and was te) .  

F. High degree  of p r o t e c t i o n  a g a i n s t  p l a n t  sabotage and 
d i v e r s i o n  of  r a d i o a c t i v e  product and waste .  



G. Lowest practical radioactive contamination of building, 
equipment and land. 

H. Disassembly, and packaging of contaminated buildings 
and equipment . 

I. Decontamination of contaminated land for subsequent 
unrestricted use. 

The objectiv? of the group's deliberations will be to: 

1. Identify the extent to which plants in use or proposed either: 

A. Meet the postulated objectives; 

B. Can be modified to meet the objectives (estimate problems 
and cost of such modification). 

2. Identify any changes in technology needed to meet the postulated 
objectives. 

3. Outline, in a general way, the scope, cost and schedule of a 
development program to adopt such technology. 

4. Evaluate the relative advantages and disadvantages of meeting 
the postulated objectives, considering such factors as: 

A. Development costs. 

B. Incremental capital and operating costs. 

C. Schedule of growth of nuclear power. 

D. Public health and safety. 

E. Environmental impact. 

F. Public acceptance of nuclear power. 

5. Evaluate advantages and disadvantages of potential options for 
management o f : 

A. In-process inventories of all radioactive material. 

B. Inventories of product and scrap. 

C. Inventories of waste. 

taking into account the problems of environmental protection, 
public health and safety, and diversion. 
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