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i x  

a c t i n i d e s  i n  g e n e r a l ,  t h e  group of e lements  h e a v i e r  t h a n  and 
incl.iiding a c t i n i u m ;  i t )  P-'I' d i s c i i s s io t i s  of ten riifcrs 
t o  orily the transuranics (Np, Pit ,  Am, Ctn, Bk, Cf> 

AGNS A l l  ied-Gu1.f Nuclear  Sei:vicc?.s' r e p r o c e s s i n g  pl.ant i n  
Barnwell ,  South C a r o l i n a  

h i d e n t a t e  dihexyl-N, N-diethylcarbamylmethylene phosphonate a 
n e u t r a l  organophosphorus e x t r a c t a n t  for actii-ni.de ele- 
ments;  c l i lut-ed w i t h  d i i sopropylbenzene  

CANDU e x i s t i n g  Canadian commercial rtl,$ctor f i i e l e d  with n a t u r a l  
uraii iuin and moderatmi w T t h  heavy water (D,O> 

CEC c a t i o n  exchange chromatography ; used i n  a c t i n i d e -  
l a n t h a n i d e  s e p a r a t i o n s  

CMI-' dihexyl-N,N-diethylcarbamylmethylene phosphonate ,  a 
n e u t r a l  organophosphorus e x t r a c t a n t  f o r  a c t  .i.rt i d e  
elertients; d i l u t e d  w i t h  d i i sopropylbenzene  

consequence a n a l y s i s  o f  t h e  r i sks  from a f u e l  c y c l e  o p e r a t i o n  o r  
a n a l y s i s  f a c i l i t y ,  assuming t h a t  a l l  p r o b a b i l i t i e s  o f  o c c u r r e n c e  

are  100% 

coprocess ing  o p e r a t i n g  mode for a r e p r o c e s s i n g  p l a n t  i n  which o n l y  
p a r t  of t h e  uranium is  separated f rom t h e  plutonium 
( i .  e ., t h e  plutonium i s  always d i l u t e d  w i t h  urani urn> 

U 2 0  heavy water; used as a modera tor /coolan t  i n  r e a c t o r s  

2-EHOH 2-e thy lhexanol  

FFP f u e l  f a b r i c a t i o n  p l a n t ;  f a c i l i t y  i n  which a mixture  of 
urani.um and plutonium oxides i s  f a b r i c a t e d  i n t o  f u e l  
a s s e m b l i e s  

FKP f u e l  r e p r o c e s s i n g  p l a n t ;  f a c i l i t y  i n  which s p e n t  f u e l  
i s  d i s s o l v e d  and a c t i n i d e s  are recovered  

ful l -power i n d i c a t e s  t h a t  +he c a p a c i t y  f a c t o r  w a s  assumed t o  be 
y e a r  100% ( i - e . ,  the f u e l  w a s  i r r a d i a t e d  c o n t i n u o u s l y  f o r  

365 days a t  f u l l - r a t e d  power) 

Gel7 b i l l i o n  e l e c t r o n  v o l t s ;  used as I measure of p a r t i c l e  
e n e r g y / v e l o c i t y  

9 GWd gigawatt-day = 10 watt-days;  used as a measure of 
t h e  energy  produced by  n u c l e a r  f u e l  



X 

GW ( e )  -year  

h e a l t h  e f f ec t .  

HEPA f i l t e r  

IILLFJ 

XT G R 

Kd 

kWhr ( e )  

l a n t h a n i d e s  

LMFBR 

1,W.K 

m i l l  

MOX 

M r m M ,  MTNM 

mcl 

P-T 

g igawa t t  ( e l e c t r i c ) - y e a r  = 1-000 Kt (e ) -yea r ;  i n  t1ii.s 
r e p o r t ,  t h e  measure of  t he  amount o f  r e a c t o r  
c a p a c i t y  [ i . e . ,  a 1000-Mb?(e) r e a c t o r  ope ra t ed  
f o r  1 pear]. The amoi.int of e l e c t r i c i t y  a c t u a l l y  
produced by this c a p a c i t y  i s  l e s s  s i n c e  a c a p a c i t y  
f a c t o r  must be  inc luded .  

l a t e n t  cancer  o r  g e n e t i c  damage 

h i g h - e f f i c i e n c y  p a r t i c u l a t e  a i r  f i l t e r  

h igh - l cvn l  l i q u i d  w a s t e ;  an aqueous s o l u t i o n  f rom t h e  
f i r s t  s o l v e n t  extrdrtion c y c l e  i n  a f u e l  r e p r o c e s s i n g  
p l a n t  which c o n t a i n s  n i t r i c  a c i d ,  a small f r a c t i o n  
of  t h e  uranium and plutonium, and v i rc i i i l l ly  a l l  of 
t he  otlier a c t i n i d e s  and f i s s i o n  p roduc t s  

general t e r m  r e f e r r i n g  to BLLW o r  s o l i d i f i e d  TIJ..TAW 

heavy m e t a l ;  u s u a l l y  r e f e r s  t o  t h e  t o t a l  i n i t i a l  
amounts of uranium and plutonium 

high- tempera ture  gas-cooled r e a c t o r  

parameter  i ised a s  a measure of  t h e  degree t o  which 
n u c l i d e s  are  regarded  as they mig ra t e  through t h e  
g eo s p h e  r C' 

ki lowat t -hour  ( e l e c t r i c )  ; a measure of t h e  amount of 
e l e c t r i c i t y  produced 

r a r e - e a r t h  e lements  lanthanum through 1 u t e t ium,  which 
are g e n e r a l l y  chemica l ly  similar t o  t h e  a c t i n i d e s  and 
are produced as f i s s i o n  p roduc t s  

liquid-mt2t:al. [-cooled ] f a s t  b r e e d e r  rgilc t o r  

l i gh t -wa te r  r e a c t o r  

lom3 d o l l a r ,  o r  0.1.C 

mixed o x i d e ;  a mix tu re  o f  uranium and plutonium o x i d e s  

metric ~ ( J I I S  o f  i n i t i a l  heavy metal i n  t h e  u n i r r a d i a t e d  
f u e l  

megawatt-day = 10' wat t -days;  used as  a measure o f  (.he 
thermal  energy produced by n u c l e a r  f u e l  

p a r t i t i o n i n g  and t r a n s m u t a t i o n ;  a p rocess  capab le  o f  
r educ ing  t h e  amounts o f  c e r t a i n  l o n g - l i v e d ,  r a d i o t o x i c  
s p e c i e s  ( u s u a l l y  a c t i n i d e s  b u t  can a l s o  r e f e r  t o  f i s s i o n  
p roduc t s )  normally p r e s e n t  i n  r a d i o a c t i v e  wastes and 
c o n v e r t i n g  them t o  s h o r t e r - l i v e d  o r  less Loxic spec ies  
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P-T c y c l e  

p a r t i t i o n i n g  

PWR 

Purex 

r e f e r e n c e  
cyc 1.e 

r i s k  

KO/ CM 

KO/KM 

TBP 

t r a n s m u t a t i o n  

TRU 

WTF 

a f u e l  c y c l e  t h a t  i n c l u d e s  p r o v i s i o n s  for- P-T 

t r e a t m e n t  des igned  t o  reduce  t h e  levels of e1.ement.s 
h a v i n g  u n d e s i r a b l e ,  I-ong-1.i.ved i s o t o p e s  i n  r a d i o a c . t i v e  
wastes to  n g r e a t e r  ex ten t  t h a n  d i c t a t e d  by normal 
economic c o n s i d e r a t i o n s  

p r E? s s u r  i z  ed -wa t e r  r eac t o r  

p r o c e s s  f o r  the e x t r a c t i o n  and p u r i f i c a t i o n  of plutonium 
and uranium from an  aqueous n i t r a t e  so lu t i -on  u s i n g  L'KP 
as t h e  p r i n c i p a l  chemical  r e a g e n t  

a f u e l  c y c l e  w i t h  no pi-ovisiims f o r  I>-'T, bur w i t h  
p r o v i s i o n s  f u r  r e p r o c e s s i n g  and plutonium r e c y c l e  

a v e r a g e  ra te  a t  whi.cIi soc : i e ty  i s  harmed 

f a c i l i t y - o p e r d t i n g  philosophy in which t h e  p l a n t  i s  
o p e r a t e d  remote ly  b u t  maintenance i s  performed manually 
a f t er d e  c on t ami Iza t ion  

f a c i l i t y - o p e r a t i n g  phi.l.osophy in which t h e  p l a n t  i s  
b o t h  o p e r a t e d  and main ta ined  remote ly  

t r i b u t y l  phosphate;  a n e u t r a l  organophosphorus compound 
used t o  r e c o v e r  a c t i n i d e s ,  p r i m a r i l y  uriiniii~ii, neptunium, 
and plutonium 

a p r o c e s s  whereby long- l ived  n u c l i d e s  a r e  conver ted  t o  
s h o r t e r - l i v e d  or s t a b l e  n u c l i d e s  by bombardment w i t h  
subatomic p a r t i c l e s  such as rieutroris from n u c l e a r  power 
react o r  s 

t r a n s u r a n i c ;  i n d i c a t e s  t h a t  the material i s  c o n s i d e r e d  
t o  c o n t a i n  s u f f i c i e n t  amounts of c e r t a i n  a c t i n i d e s  so 
t h a t  i t  i s  a " long-l ived w a s t e "  

w a s t e  treatment f a c i l i t y ;  i3. f a c i - l i t y  c o n t a i n i n g  a c t i n i d e  
p a r t i t i o n i h g  p r o c e s s e s ,  which is  colocnted  w i . t h  a n o t h e r  
f a c i l - i t y  t h a t  g e n e r a t e s  wastes r e q u i r i n g  p a r t i t i o n i n g  
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EXECUTIVE SUM&LAIIY 

T h i s  r e p o r t  i s  concerned w i t h  a n  o v e r a l l  assessment  o f  t h e  feiisi- 

b i  l i t y  of and i n c e n t i v e s  f o r  p a r t i  t i o n i n g  ( r e c o v e r i n g )  long- l ived  n u c l i d e s  

from r a d i o a c t i v e  wastes a i d  t ransmut ing  them to s t a b l e  o r  sh0rt~~r-1 i v e d  

n u c l i d e s  f o r  t h e  purpose of reducing  t h e  long-term hazard  of t h e  wnstc>.  

'file a c t i n i d e s  are the p r i n c i p a l  c lass  of l c n g - l i v e d  n u c l i d e s  c o n s i d e r e d ;  

however, a b r i e f  anal .ysis  of t h e  p a r t i t i o n i n g  and t r a n s m u t a t i o n  (P-T) of 

"Tc and '''1 is  a l s o  g iven .  

T h i s  assessment  i s  based p r i m a r i l y  on t h e  r e s u l t s  of a 3-year program 

d i r e c t e d  by ORNL. The program i n c l u d e d  t h e  fo l lowing  major a s p e c t s :  

1. e x p e r i m e n t a l  and a n a l y t i c a l  s t u d i e s  of p a r t i t i o n i n g  p r o c e s s e s  

and f lowshee ts ; 

2.  c a l c u l a t i o n a l  s t u d i e s  of  a c t i n i d e ,  technet iuni ,  and i o d i n e  

t r a n s m u t a t i o n ;  

3. d e f i n i t i o n  o f  r e f e r e n c e  (no P-T) and P-T f u e l  c y c l e s  and a n a l y s i s  

of t h e  i n c r e m e n t a l  c o s t s ,  r i s k s ,  and b e n e f i t s  o f  P-T based on 

t h e s e  c y c l e s ;  

4 .  i d e n t i f i c a t i o n  of o t h e r  i m p a c t s  of P-T; 

5. an  a n a l y s i s  of t h e  f e a s i b i l i t y  of  P-T; 

6 ,  a r i s k - c o s t - b e n e f i t  a n a l y s i s  of the i n c e n t i v e s  f o r  implementing 

P-T; and 

7 .  a n  estimate of t h e  t i m e  and c o s t s  r e q u i r e d  f o r  the r e s e a r c h ,  

development,  and demonst ra t ion  t h a t  would b e  r e q u i r e d  t o  

implement P-T. 

Several o r g a n i z a t i o n s  o t h e r  t h a n  ORNL p a r t i c i p a t e d  i n  t h e  program because  

of t h e i r  s p e c i a l i z e d  e x p e r i e n c e  a n d / o r  e x p e r i m e n t a l  f a c i l i t i e s .  The 

program cons idered  c o n v e n t i o n a l  technology w i t h  a r e a s o n a b l e  l i k e l i h o o d  

of near- term s u c c e s s .  The r e p r o c e s s i n g  p l a n t  i n c o r p o r a t e d  a c o p r o c e s s i n g  

f l o w s h e e t ,  and t h e  p a r t i t i o n i n g  p r o c e s s e s  were based on a c h i e v i n g  a work- 

a b l e ,  b u t  n o t  n e c e s s a r i l y  an  optimum, p r o c e s s .  LWRs w e r e  t h e  pr imary 

t r a n s m u t a t i o n  d e v i c e s  c o n s i d e r e d ,  a l t h o u g h  o t h e r  d e v i c e s  were i n v e s t i g a t e d  

and e v a l u a t e d .  
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The a c t i n i d e  p a r t i t i o n i n g  f lowshee ts  r e s u l . t i n g  from t h i s  program 

have two fundamenIral~ s t e p s :  (1) e x t r a c t i o n  of t h e  a c t i n i d e s  from t h e  

was r e ,  and ( 2 )  recovery  of thc3 a c t i n i d e s .  P r o c e s s i n g  of h i g h - l e v e l  

waste t o  make t h e  a c t i n i d e s  e x t r a c t a b l e  i s  unnecessary s i n c e  most of 

t h e  a c t i n i d e s  conta ined  t h e r e i n  are amenable t o  e x t r a c t i - o n .  Ln t h e  

case of s o l i d  was tes  such as d i s s o l v e r  s o l i d s  and c l a d d i n g ,  t h e  ac t i -  

n i d e s  are s o l u b i l i z e d  i n t o  a n  e x t r a c t a b l e  form w i t h  a n i t r i c  acid--hydro- 

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

a s h e s  are  s o l u b i l i z e d  u s i n g  a c e r i c  n i t r a t e - - n i t r i c  a c i d  s o l u t i o n  to 

promote d i s s o l u t i o n .  Nons t r ippnhle  a c t i n i d e s  are separatied from s a l t  

wastes ,  such as s o l v e n t  c leanup wastes, by a c i d i f i c a t i o n  foil-owed by 

c o n t a c t  w i t h  an  a l c o h o l  [2-ethylhexanol  (2-EHOH)]. The e x t r a c t a b l e  

a c t i n i d . e s  from t h e s e  o p e r a t i o n s  are t h e n  s e n t  t o  a c t i n i d e  r e c o v e r y ,  

which c o n s i s t s  of (1) recover ing  uranium, neptunium, atid plut-onium 

u s i n g  P u r r x  (TBP) e x t r a c t i o n  (not  r e q u i r e d  € o r  SLLW) ; ( 2 )  c o e x t r a c t i n g  

t h e  remaining a c t i n i d e s  p l u s  h a t h a n i d e s  u s i n g  a b i d e n i a t e  ( a  n e u t r a l  

organophosphorus cornpound) e x t r a c t a n t ;  and ( 3 )  s e p a r a t i n g  t h e  a c t i n i d e s  

f r o m  t h e  Lanthanides  u s i n g  c a t i o n  exchange chromatography. 

The p a r t i t i o n i n g  of a c t i n i . d e s  appears  t o  be i e a s i b l ~ e  based on t h e  

use  of p r o c e s s i n g  technology t h a t  has been e x p e r i m e n t a l l y  v e r i f i e d  a t  

least  a t  t h e  l a b o r a t o r y  level .  Some of t h e  p a r t i t i o n i n g  p r o c e s s e s ,  such 

as 'TRP e x t r a c t i o n  and a c i d  l e a c h i n g ,  have been demonstrated on a l a r g e  

seal-e i n  a c t u a l  product ion  o p e r a t i o n s .  T h e  p a r t i t i o n i n g  of i.odine al.so 

a p p e a r s  to b e  f e a s i b l e  u s i n g  any of a v a r i e t y  of proven t e c h n o l o g i e s .  

Although t h e  p a r t i t i o n i n g  of technet ium w a s  n o t  specifica1.J-y i n v e s t i g a t e d ,  

t h e r e  i.s no known r e a s o n  why i t :  should  n o t  b e  f e a s i b l e .  

C a l c u l a t i o n a l  a c t i n i d e  t r a n s m u t a t i o n  s t u d i e s  i n d i c a t e  t h a t  a c t i n i d e  

t r a n s m u t a t i o n  ra tes  range from 5 t o  11% p e r  full-power y e a r ,  w i t h  East 

r e a c t o r s  having the h i g h e r  rates. The e f f e c t s  of  actin.i .de r e c y c l e  

on uranium enrichment  requi rements  and t h e  f a s t  r e a c t o r  b r e e d i n g  r a t i o  

were small, except  i n  t h e  f i r s t  ~:WO a c t i n i d e  r e c y c l e s  i n  t h e  LWX. Power 

peaking i s  a c o n s i d e r a t i o n  i n  the LWR, bu t  n o t  i n  t h e  LMFBR. Overall,  

LMFBRs are b e t t e r  a c t i n i d e  t r a n s m u t a t i o n  d e v i c e s  b u t  n o t  s u b s t a n t i a l l y  

S O .  The e f f e c t  o f  higher-than-normal amounts of neptunium, americium, 



and curium on f u e l  performance h a s  n o t  bcen determined.  

b e  t ransmuted a t  t h e  ra te  of  11% p e r  ful l -power y e a r  i n  a PWR; i o d i n e  

t r a n s m u t a t i o n  rates are about 3% per ful l -power y e a r .  

Technetium can 

T h e  t r a n s m u t a t i o n  of t i le a c t i n i d e s  a p p e a r s  t o  b e  f e a s i b l e  i n  b o t h  

thermal  and f a s t  r e a c t o r s ,  s u b j e c t  t o  t h e  a c c e p t a b i l i t y  of r e a c t o r  bels 

w i t h  higher-than-normal c o n c e n t r a t  i o n s  o f  t h e  r e c y c l e d  :IC t j n i d e s  Tech- 

net ium t r a n s m u t a t i o n  a l s o  a p p e a r s  t o  b e  f e a s i b l e ,  s u b j e c t  t o  t h e  i d e n t i f i -  

c a t i o n  of a s a t i s f a c t o r y  fortn f o r  i n c o r p o r a t i o n  i n t o  a rod  ( t h e  metal may 

be  s a t i s f a c t o r y ) .  I o d i n e  t r a n s m u t a t i o n  is  m a r g i n a l l y  feasi.bLe a t  best. 

because  of i t s  low t r a n s m u t a t i o n  r a t e ,  the h i g h  v o l a t i l i t y  of i o d i n e  

compounds a t  r e a c t o r  o p e r a t i n g  t e m p e r a t u r e s ,  t h e  c o r r o s i v e n e s s  of i o d i n e  

and i o d i n e  compounds, and t h e  p r o d u c t i o n  of xenon g a s  as  a t r a n s m u t a t i o n  

product  . 
The u s e  of a l t e r n a t i v e  t r a n s m u t a t i o n  d e v i c e s  ( e . g . ,  s p a l l a t i o n  

d e v i c e s  o r  f u s i o n  r e a c t o r s )  a p p e a r s  t o  b e  f e a s i b l e ,  assuming t h a t  t h e  

technology i s  f e a s i b l e  p e r  se. These d e v i c e s  would have t r a n s m u t a t i o n  

rates similar t o  t h o s e  i n  LMFBRs. T h e r e f o r e ,  t h e i r  u s e  would n o t  o f f e r  

any s u b s t a n t i a l  advantage  and would n o t  a f f e c t  t h e  r e s u l t s  of t h e  assess- 

ment d e s c r i b e d  h e r e .  

A c t i n i d e  P-T would impact t h e  f u e l  c y c l e  by ( 1 )  r e q u i r i n g  t h e  c a s k s  

that  are used f o r  shipment of f r e s h  and spent. f u e l  t o  be c o n s t r u c t e d  of 

materials such  as boron c a r b i d e ,  copper ,  and l i t h i u m  h y d r i d e  t o  p r o v i d e  

b i o l o g i c a l  s h i e l d i n g  f r o m  t h e  h i g h l y  n e u t r o n  ac t ive  fue l ,  (2)  making t h e  

d i s p o s i t i o n  of e x i s t i n g  waste and f u e l  i n v e n t o r i e s  u n c e r t a i n  s i n c e  

i r r e t r i e v a b l e  commitment nf a c t i n i d e s  t o  a r e p o s i t o r y  might d e f e a t  the 

p u r p o s e s  of  P-T and t h u s  impede w a s t e  management u n t i l  P-T w a s  irnple- 

mented, and ( 3 )  c o n f l i c t i n g  w i t h  e x i s t i n g  U.S, n u c l e a r  p o l i c y  by 

n e c e s s i t a t i n g  t h e  use  of r e p r o c e s s i n g  and plutonium r e c y c l e  ( i . e a ,  t h e  

f u e l  c y c l e  _I must b e  c l o s e d ) ,  b o t h  of which have been i n d e f i n i t e l y  

d e f e r r e d .  The c o n s t r u c t i o n  of a cask s u i t a b l e  f o r  t h e  shipment o f  

P-T f u e l s  a p p e a r s  t o  b e  p o s s i b l e  I n  p r i n c i p l e ,  s u b j e c t  t o  t h e  

f a b r i c a b i l i t y  of t h e  unusual  materials r e q u i r e d  f o r  c o n s t r u c t i o n ,  

a l t h o u g h  i t s  payioad is  about  two- th i rds  of t h a t  i n  a s t a n d a r d  spen t  

f u e l  s h i p p i n g  cask .  With r e g a r d  t o  t h e  d e f e r r a l  o f  r e p r o c e s s i n g  and 
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plutonium r e c y c l e ,  i t  should  be  no ted  thai. c h i s  p r o j e c t  r e p r e s e n t s  t h e  

e v a l u a t i o n  o r  an  advanced waste management a l t e r n a t i v e  and should  no t  

h e  cons t rued  as advoca t ing  o r  opposing t h e  eventua l  implementat ion of 

t h e s e  t echno log ie s .  

The c o s t  of implementing a c t i n i d e  P-T i s  about. $ 9 . 2  m i l l i o n  (1.379 

d o l l a r s )  p e r  GW(e)-year [ 1 . 2 8  milLs/kl%Jhr ( e )  1 .  Th i s  c o s t  p r inc i .pa l ly  

results from t h e  a d d i t i o n a l  f a c i l i t i e s  and p rocess ing  r e q u i r e d  t o  par -  

t i t i o n  t h e  a c t i ~ n i . d e s .  11: -i-s e s t i m a t e d  t h a t  t h e  shor t - te rm r a d i o l o g i c a l  

r i s k  f roia t h e  f u e l  cyc1.e i s  i n c r e a s e d  by 0.003 heal th-ef  fect /GN(e)  -year  

and t h a t  t h e  t o t a l  sho r t - t e rm r i s k ,  i i i c lud ing  n o n r a d i o l o g i c a l  r i s k ,  i s  

i n c r e a s e d  by 0.57 health-effect/GW(e)-year. This  i s  comparable t o  about  

1 . 0  he3lth.-effect/GW(e)-year e q u i v a l e n t  froin n a t u r a l  background r a d i a t i o n .  

The r a d i o l o g i c a l  r i s k  i n c r e a s e s  a r c  predominant ly  due t o  rouir:'ctie e f f l u e n t s .  

The pe t ro leum combustion prodi lc ts  from t h e  p a r t i t i . o n i n g  f a c i l i t y  power 

p l a n t  b o i l e r s  arc t h e  p r i n c i p a l  s o n r c n  of t he  n o n r a d i o l o g i c a l  r i s k  

i n c r e a s e .  'The expected long-term b e n e f i t  ( i . e . ,  i nc remen ta l  r i s k  

r e d u c t i o n )  of  P--T i s  0.06 hea l th-ef  fect/GW(e)-year i n t e g r a t e d  over 

1 iil i l l ioil  y e a r s .  This  i s  about  0.001% of the  h e a l t h  e f f e c t s  t o  be  

expec ted  from n a t u r a l  background radi-a- t ion.  The long-term r i s k  

r e s u l t s  e n t i . r e l y  from e x p u l s i v e  evei i ts  such as volcanoes  and m e t e o r i t e s  

s i n c e  the a c t i n i d e s  r e l e a s e d  i .n  z l e a c h  i n c i d e n t  do  no t  emerge from 

t h e  geosphere i n t o  the b iosphe re  i r r  1 mi.l l ion y e a r s .  It should  be 

noted  that t1ii.s b e n e f i t  i s  t h e  d i f f e r e n c e  between t h e  long-term r i s k  

f o r  t h e  r e f e r e n c e  c y c l e ,  5.16 health--effects/GW(e)-.year, and t h a t  f o r  

t h e  P-T c y c l e ,  5.10 health-effects/GW(e)-year. The p r i n c i p a l  c o n t r i b -  

u t o r s  t o  t h e s e  I-ong-term r i s k s  arc "Tc (92%)  and '''1 (8%).  

a c t h i d e s  on ly  account  f o r  a s m a l l  f r a c t i o n  o f  t h e  t o t a l ,  a l t hough  i t  

i s  t h e  r e d u c t i o n  i n  a c t i n i d e  con ten t  of t he  waste t h a t  g i v e s  t h e  s m a l l  

r e d u c t i o n  of 0.06 health-effect/GW(e)-year,  should  be  noted  t h a t  

t h e  long-term berief i t s  were based on a ve ry  c o n s e r v a t i v e  long-term r i s k  

a n a l y s i s .  T h i s  approach. was used because  i t  was a n  e x p e d i t i o u s  way t o  

examine the. i n c e n t i v e s  f o r  implementing P-T. The v a l u e s  used f o r  t h i s  

p r o j e c t  shou1.d n o t  be  cons ide red  a p p r o p r i a t e  f o r  o t h e r  s t u d i e s  of t h e  

same area or f o r  o t h e r  s t u d i e s  of  o t h e r  areas.  

'The 



Combination o f  the C O S ~ S ,  rislz.!;, and b e n t . f r i ~ s  y i e l d s  R F--T cost: of 

$32,400 p e r  person-rem saved i f  t h e  short- term,  nnrirad-folo~ic~ll1.  r i s k  is  

exc luded ,  :1. I this risk is inc luded ,  e h e  short:-I:erm risks: w i l l  exceg?, 

the long- te rm b e n e f i t s  i a t e g r a t e d  over  l. m i l l i o n  yea'rs Faxrt.herrnore, 

sensjtivity s t u d i e s  of the important  parameters  i.n the  cost.:;, r:i:;ks and 

b e n e f i t s  i t i d i c a t e  tFiat i t  is extlrecrudy u n l i k e l y  , tha t  the CPIS t o f  reduc.:i.rag 

the I.ong-term r i s k  by 1 . 0  persc:m-r:ern could ewer a p p r o a c h  the  of ten-used 

c r i t e r i o n  of $roo0 p e s  person-rem. T h i s  i s  p r i n c i p a l l y  bee:ause the 

calcul.atj.on of t h e  long-term r i s k  i s  very const!rvat.iire i n  f a v o r  n f  P-'T. 

Thus t h e r e  are no c o s t  o r - a f e t y  i n c e ~ ~ t i v e s  f o r  2 ~ n r t l t i o n i n g  and trans-. 
--..L .....__ ~ .... 

a c t i n i d e s  f o r  waste management g u r p s e s  e 
I .- I_ 

The i n c e n t i v e s  a.iialysis i s  I.ess c lear  in the case o f  technetium and 

i o d i n e .  ..._.._ If the c o n s e r v a t i v e  long-terai  r i s k  aoa. l j rs is  is  tisl;.tl~ thzre arc 

i n c e n t i v e s  f o r  technet ium P-T (assuming that  a partitioning prrocess can 

be devel.oped) and f o r  i o d i n e  P-T (assuming that. i o d i n e  t r a n s m u t a ~ t i o n  i s  

f e a s i b l e ) .  Mowever, t h e  i n c e n t i v e s  f o r  teclanetium and i o d i t ~ e  P-T Z I K ~  

strongly dependent-. on the use of these very conservative long-term r i s k  

a n a l y s e s  j Less c o n s e r v a t i v e  assumptions would make the  be.tiefits neg1igi.hl.e 

as compared t o  t h e  r i s k s  arid c o s t s .  

F i n a l l y ,  it i s  estimated t h a t  the f irst  comnrercid-s i  ;sed pa r t i t i on i .1ag  

Eacil-ities could  be opei:able i n  about  2 0  years,  :issuming that a w e l l -  

suppor ted  and n rde r ly  resen-rch, devel.opment, arid demonst ra t ion  (W&D) 

program w e r e  i n s t i t u t e d  immediately and t.hat no l i c . e n s i n g  d e l a y s  occur red .  

lChe cos t  of the RI)&I) program w o u l d  be  about $91)0 rni.ll_fon (1-979 d o l l a r s )  

f o r  the e n t i r e  P-T concept ,  most of wli:i.ch would lie designated for a h o t  

p a r t i t i o n i n g  p i l o t  p l a n t .  Zowever, as a r e s u l t  of the l a c k  of iiicentives 

f o r  a.ct:inide P-T, f u r t h e r  RDhll i n  s u p p o r t  of P-T is not  warran ted  miPess 

a d e c i s i o n  i.s made t o  proceed w i t h  P-T. 
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ABSTRACT 

(This  r r p o r t  i s  concerned w i t h  an o v e r a l l  assessment- of t h e  
f e a s i b i l i t y  of and i n c e n t i v e s  f o r  p a r t i t i o n i n g  ( r e c o v e r i n g j  
long- l ived  nuc 1 i d e s  froin Fuel r e p r o c c s s i n g  and f u e l  r f f d > r i c a -  
t i o n  p l a n t  r a d i o a c t i v e  wastes an3  t ransmut ing  them t o  s h o r t e r -  
l i v e d  o r  s t a b l e  nuc 1 i d e s  by n e u t r o n  i r r a d i a t i o n .  'The principLil .  
c lass  of  n u c l i d e s  c o n s i d e r e d  i s  the a c t i n i d e s ,  <ilthouglii a b r i c f  
a n a l  s is  i s  iven  of t h e  p a r t i t i o n i n g  and t r a n s m u t a t i o n  (P-T) 
o f  9%r and f291a1 , The  assessment  i s  based p r i m a r i l y  on a 3-ye,ir 
program d i r e c t e d  b y  OWL, w i t h  p a r t i c i p a t i o n  by several orgnri i -  
z a t i o n s  having  s p e c i a l  e x p e r t i s e  and f a c i l i t i e s  I The program 
i n c l u d e d  (1)  e x p e r i m e n t a l  arid a n a l y t i c a l  s t u d i e s  of p a r t i t  ioning 
f lowsheets ;  ( 2 )  c a l c u l a t i o n a l  s t u d i e s  and l i t e r a t u r e  reviews u f  
a c t i n i d e ,  tecfinetium, and i o d i n e  t r a n s m u t a t i o n ;  (3)  a n a l y s i s  of 
t h e  i n c r e m e n t a l  c o s t s ,  r i s k s ,  and b e n e f i t s  uf P-T based mi d e f i n e d  
r e € e r e n t e  (no P-T) and P-T f u e l  c y c l e s ;  ( 4 )  i d e n t i f i c a t i o n  of 
o t h e r  impacts o f  P-'C on t h e  f u e l  c y c l e ;  (5)  a n a l y s i s  of t h e  
f e a s i b i l i t y  of P-T; (6 )  a n a l y s i s  of t h e  i n c e n t i v e s  f o r  P-T; a n d  
( 7 )  an estimate of t h e  t i m e  arid c o s t s  r e q u i r e d  f o r  t h e  rcseitrcti, 
development,  and demonst ra t ion  (RDGD) t h a t  woul  d be r e q u i r e d  t o  
implement P-T on a commercial b a s i s .  The r e s u l t s  o b t a i n e d  i n  t h i s  
program p e r n i i t  u s  t o  make a comparison of the impacts of waste 
management w i t h  and w i t h o u t  a c t i n i d c  recovery  and t r a n s m u t a t i o n .  

r 
Three major c o n c l u s i o n s  concern ing  t e c h n i c a l  f e a s i b i l  i t y  

can b e  drawn from t h e  assessment:  (1) a c t i n i d e  Y-T is  f e a s i b l e ,  
s u b j e c t  t o  t h e  a c c e p t a b i l i t y  of f u e l s  c o n t a i n i n g  r e c y c l e  a c t i n i d e s ;  
( 2 )  t echnet ium P-T it; f e a s i b l e  i f  s a t i s f a c t o r y  p a r t i t i o n i n g  proc- 
esses caii b e  developed and s a t i s f a c t o r y  f u e l s  i d e n t i f i e d  (no 
s t u d i e s  have been made i n  t h i s  x e a )  ; and ( 3 )  i o d i n e  P-T i s  
m a r g i n a l l y  f e a s i b l e  a t  b e s t  because  o €  t h e  low t r a n s m u t a t i o n  
rates,  t h e  h i g h  v o l a t i l i t y ,  and t h e  c o r r o s i v e n e s s  of i o d i n e  and 
iod ine  compounds. ' T t  w a s  conrluded on t h e  b a s i s  of a v e r y  
c o n s e r v a t i v e  r e p o s i t o r y  r i s k  a n a l y s i s  t h a t  t h e r e  are  no safe-ty 
o r  c o s t  i n c e n t i v e s  For a c t i n i d e  P-T. I n  f a c t ,  i f  n o n r a d i o l o g i c a l  
r i s k s  art. inc luded ,  t h e  shor t - te rm r i s k s  of P-T exceed t h e  
long-term b e n e f i t s  i n t e g r a t e d  o v e r  a p e r i o d  of  1 m i l l i o n  years .  
I n c e n t i v e s  f o r  technet ium and i o d i n e  P-T e x i s t  on ly  i f  ex t remely  
c o n s e r v a t i v e  long-term r i s k  a n a l y s e s  are  used.  

It  is  e s t i m a t e d  t h a t  P-T would t a k e  20 y e a r s  tm implement 
on a commercial scale,  assuming a wel l -supported developnwot 
program and no l i c e n s i n g  d e l a y s .  
c o s t  about  $900 m i l l i o n  (1979 d o l l a r s ) ,  w i t h  t h e  l a r g e s t  frdction 
b e i n g  r e q u i r e d  for a hot  p a r t i t i o n i n g  p i l o t  p l a n t .  Furthc:r RDGD 
i n  s u p p o r t  of P-T i s  n o t  warran ted .  

T h e  development program would 



2 

1. INTKODUC'l ' ION, SUFiMAKY, AND CONCLUSfQNS 

1.1 Int roduct i ton  

T h i s  r e p o r t  p roui  d e s  an  o v e r a l l  asse.ssmrnt of tlhe f e a s i b i l i t y  and 

i n c e n t i v e s  f o r  o p e r a t i n g  t h e  n u c l e a r  Euc.1 c y c l e  s o  t h a t  t h e  most i r o u b l e -  

some long- l ived  consti i :uent:s of r a d i o a c t i v e  wastes are p a r t i t i o n e d  and 

t ransmuted P a r t i t i o n i n g ,  when coaduct2d f o r  waste management purposes  

i s  d e f i n e d  as t r ea tmen t  des igned  t o  reduce  t h e  l e v e l s  of chemical  e lements  

having  u n d e s i r a b l e ,  long- l ived  i s o t o p e s  i n  r a d i o a c t i - u e  wastes t o  a g r e a t e r  

e x t e n t  than t-ha'i d i c t a t e d  by normal fcon.oinic c o n s i d e r a t i o n s .  That i s  

p a r t i t i o n i n g  i n v o l v e s  sepa ra t i . ng  t h e  long- l ived  n u c l i d e s  from t h e  wastes 

and r ecove r ing  them i n  a form s u i t a b l e  f o r  fur t rher  t r ea tmen t .  'Transmutat.ion ~ 

i s  de f ined  here  as a p rocess  whereby long- l ived  n u c l i d e s  are  conver ted  t o  

s h o r t e r - l i v e d  o r  s t a b l e  n u c l i d e s  by bombardment wi-th subatomic p a r t i c l e s ,  

such as neu t rons  from n u c l e a r  power r e a c t o r s .  P a r t i t i o n i n g  and t r ansmuta t ion  

(P-T), when t aken  t o g e t h e r ,  form a w a s t e  management concept  which wsuJ.d he 

capab le  of  r educ ing  t h e  amounts o f  c e r t a i n  long- l ived ,  rad i .o toxic  s p e c i e s  

normally p r e s e n t  i n  r a d i o a c t i v e  wastes and c o n v e r t i n g  them t o  s h o r t e r - l i v e d  

o r  less t o x i c  spec ies .  

I n  t h i s  r e p o r t ,  P-T i s  d e f i n e d  as a waste management o p t i o n  which 

could  be  implemelited f o r  w a s t e  management p u r i ~ s e : ~  i f  shown t o  be  f e a s i b l e  

and c o s t - e f f e c t i v e .  However, when a l l  o f  t h e  impacts  of  P-T on Llic n u c l e a r  

f u e l  c y c l e  are exami.ned, i t ;  i s  c lear  t h a t  P-T i s  act.t.1aJ.J-y a new f u e l  c y c l e  

o p t i o n  since i t s  implementat ion would a f f e c t  most of  t h e  o p e r a t i o n s  i n  the 

f u e l  c y c l e  t o  v a r y i n g  degrees ,  To summarize,  P-T would do the fo l lowing:  

1 .  r e q u i r e  t h e  i n s t a l l a r i o n  of  a d d i t i o n a l  w,as;-e p rocess ing  s t e p s  

i n  the r e p r o c e s s i n g  p l a n t ,  

2 .  r e q u i r e  t h e  i n s t a l l a t i o n  of a d d i t i o n a l  was te  p rocess ing  s t e p s  

i n  the mixed-oxide (MQX) f u e l  f a b r i c a t i o n  plant.  

3 .  a l t e r  t h e  volume and composi t ion of r a d i o a c t i v e  wastt?s b e i n g  

s e n t  t o  a w a s t e  r e p o s i t o r y ,  
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4 .  r e q u i r e  r e q u a l i f i c a t i o n  of r e a c t o r  f u e l s  arid p o s s i b l y  n e w  f u e l  

f a b r i c a t i o n  techniques  

5 .  a l t e r  the neutro1ii.c behnvi.or of n u c l e a r  r e a c t o r s  because of t h e  

p r e s e n c e  of r e c y c l e d  a c t i n i d e s  i n  t h e  fuel., and 

6” n e c e s s i t a t e  new s h i p p i n g  cask d e s i g n s  because of t h e  i n c r e a s e d  

aniounts Q f n e u t r o n  e m i t t e r s  presenl .  i n  iiucl-ear m a t e r i a l s  

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

Thus P-T should  n o t  b e  c o n s i d e r e d  as a wastc mhnagement o p e r a t i o n  a f f e c t i n g  

o n l y  t h e  treaLrnent and composi t ion of r n d i o a c t i v c  wastes; i n s t e a d ,  i t  i s  

a n  o v e r a l l  f u e l  c y c l e  concept t h a t  i s  s i g n i f i c a n t l y  d i f f e r p n t .  from f u e l  

c y c l e s  i n v o l v i n g  r e c y c l e  of o n l y  t h e  p r i n c i p a l  f i s s i l e  and f e r t i l e  values 

1.1.1 Background - 

S t u d i e s  have been made of zrarious s e l e c t e d  a s p e c t s  of  P-T s i n c e  the 

mid-1960s. ‘The most common type  o f  s t u d y  involved  a c t i n i d e  t r a n s m u t a t i o n  

r a l c u l a t i o r i s  fol lowed by c a l c u l a t i o n  t b e  t o x i c i t y  i n d e x  o f  the high- 

level waste w i t h  and w i t h o u t  t r a n s m u t a t i o n  of t h e  a c t i n i d e s .  (Note: The 

t o x i c i t y  iriclex i s  the amount of watclr requi red  t u  d i lu t e  a l l  of t h e  

i s o t o p e s  i n  a u n i t  volume of waste t o  t h e i r  Radionucl ide  C o n c e n t r a t i o n  

Guidc v a l u e s  g iven  i n  1 0  CFR 20. 1 The c o n c l u s i o n  reached  i n  most of 

t h e s e  s t u d i e s  w a s  t h a t  t h e  t o x i c i t y ,  and t h e r e f o r e  t h e  r i s k ,  due  t o  high-  

l e v e l  wastr-xs (HLW) i n  a r e p o s i t o r y  could b e  reduced by f a c t o r s  of 100 t o  

200 f o r  was te  decay times g r e a t e r  t h a n  1000 y e a r s .  However, t h e s e  s t u d i e s  

g e n e r a l l y  i g n o r e d  p a r t i t i o n i n g ,  t h e  morc real is t i -c  impacts  of t r a n s m u t a t i o n  

on t h e  t r a n s m u t a t i o n  d e v i c e ,  and o t h e r  f u e l  c y c l e  impacts  of P-T. 

1 

2 

Limited s t u d i e s  o f  p a r t i t i o n i n g  p r o c e s s e s  and technology w e r e  con- 

duc ted  durimg 1973-1975 ( s e e  r e f s .  3 and 4 ) .  ‘She p r i n c i p a l  r e s u l t s  of 

t h e s e  s t u d i e s  w e r e :  

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

from t h e  w a s t e  streams, and (2) rccommendatioas concern ing  the approaches 

t h a t  should  be used i n  f u t u r e  p a r t i t i o n i n g  s t u d i e s .  Although l a b o r a t o r y  

i n v e s t i g a t i o n s  of t h e  recommended p r o c e s s e s  were begun, t h e y  were t e r m i -  

n a t e d  b e f o r e  s i g n i f i c a n t  r e s u l t s  could  be o b t a i n e d .  

(1) a n  e v a l u a t i o n  of p r e v i o u s  work and s y n t h e s i s  of 
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Only one r e a l i s t i c  s t u d y  h a s  been made t o  de t e rmine  t h e  loi ig- term 

b e n e f i t s  of removing t h e  a c t i n i d e s  from h igh- l eve l  waste. The p r e v i o u s l y  

mentioned s t u d i e s  of long-term b e n e f i t s  t h a t  we-re  based on t h e  Lox. ic i ty  

i ndex  are n o t  r e a l i s t i c  because  t h e  t o x i c i t y  index assumes t-hat the wastes 

are i n g e s t e d  d i r e c t l y  w i t h  no change in composi t ion .  However, a more 

r e a l i s t i c  assumption i s  Lhat t h e  n u c l i d e s  mi.ght be l eached  fruin tire waste 

i n  the r e p o s i t o r y  i n  t.11.e d i s t a n t  f u t u r e  and t h e n  be  s lowly  t r a n s p o r t e d  

through t h e  geosphnre to the b iosphe re .  During t h i s  t r a n s p o r t a t i o n  

p r o c e s s ,  [:he chemical  and p l iys i~ca l  i n t e r a c t i o n s  with t h e  geosphere arid 

t h e  b i o l o g i c a l  d i f f e r e n t i a t i o n  i n  t h e  bi-osphere have the n e t  e f f e c t  o f  

g r e a t l y  r e t a r d i n g  t h e  release of r a d i o a c t i v e  isotopi+:; and s u b s t a n t i a l l y  

changing t h e  e lementa l  and i s o t o p i c  mix tu re  ul  timate1.y i n g e s t e d .  The 

s t u d y  citieid above, which inc luded  t h e s e  e f f e c t s ,  concluded t h a t  ' I .  . . €01 
t h e  s i t u a t i o n s  invest-Lgated t h e  i n c e n t i v e s  f o r  a s p e c i a l  e f € o r t  t o  remove 

any e l emen t s?  inc l -uding  t h e  t r a n s u r a n i c s ,  f r o m  h i g h - l e v e l  w a s t e  are 

vanishing1.y smai.1. . . . ' I  However, s i n c e  t h e  o b j e c t i v e s  of  t h i s  s t u d y  

d i d  n o t  i n c l u d e  c o n s i ~ d e r a t i o n  and comparisou of t h e  near- term r i s k s  and 

c o s t s  of removing t h e  a c t i n i d e s  from h igh- l eve l  waste t o  the c a l c u l a t e d  

b e n e f i t s ,  i t  i s  d i f f i c u l t  t o  s t a t e  c o n c l u s i v e l y  tihat t h e r e  are no incen-  

t i v e s  f o r  a c t i n i d e  reinoval u n t i l  t h e  p e n a l t i e s  i n c u r r e d  by t h e  p rocess  

are a s s e s s e d .  

5 

No s t u d i e s  have been made of t h e  o t h e r  v a r i e d ,  bu t  impor t an t ,  impacts  

of  P-T on t h e  n u c l e a r  f u e l  c y c l e .  Examples o f  t h e s e  impacts  are  the 

e f f e c t s  of t h e  h i g h l y  n e u t r o n - a c t i v e  Lransplutonium i s o t o p e s  on f u e l  

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 ,  and hartdl i n g ;  t h e  e f f e c t s  of neptunium, 

americium, and curium on i n - r e a c t o r  b e h a v i o r ,  E a b r i c a b i l i t y  , and c l add ing  

c o m p a t i b i l i t y  of  r e a c t o r  i u e l s ;  and t h e  d i s p o s i t i o n  of a c t i n i d e s  produced 

p r i o r  t o  t h e  implementat<ion oT P-T. 

F i n a l l y ,  and most i m p o r t a n t l y ,  no o v e r a l l  s t u d y  h a s  been made of t h e  

f e a s i b i l i t y  and i n c e n t i v e s  f o r  implrineriting t h e  P-T concept .  T h i s  t y p e  

of s t u d y ,  i n  which a1 1 shor t - t e rm and long-term advantages  and disadvan-  

t a g e s  would be inc luded ,  i s  necessa ry  i f  lihe i n c e n t i v e s  f o r  P-T are t o  be  

r e a l i s t i c a l l y  and be l ievahl -y  eva lua ted .  
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I n  1976, t h e  U.S. Energy Research and Development A d m i n i s t r a t i o n  [now 

t h e  U.S. Department of Energy ( D O E ) )  asked t h e  Oak Ridge N a t i o n a l  Labora- 

t o r y  (ORNL) t o  develop a program t o  e s t a b l i s h  t h e  t e c h n i c a l  f e a s i b i l i t y  

and i n c e n t i v e s  f o r  p a r t i t i o n i n g  elements  having  long- l ived  i s o t o p e s  and 

t r a n s m u t i n g  them t o  s h o r t e r - l i v e d  o r  s tab le  i s o t o p e s  i n  power r e a c t o r s .  

The program w a s  b r o a d l y  based ,  c o n s i s t i n g  of b o t h  e x p e r i m e n t a l  and computa- 

t i o n a l  a c t i v i t i e s  t h a t  are r e q u i r e d  t o  develop a meaningful  and d e f e n s i b l e  

e v a l u a t i o n  of t h e  P-T concept .  I n  a d d i t i o n  t o  ORNL,  several o t h e r  orga-  

n i z a t i o n s  having s p e c i a l i z e d  e x p e r i e n c e  and exper imenta l  f a c i l i t i e s  a l s o  

p a r t i c i p a t e d  i n  t h e  program. These o r g a n i z a t i o n s  i n c l u d e d :  

1. 

2 .  

3 .  

4 .  

5 "  
6 .  

7. 

8. 

9 .  

10 * 

Argonne Nat ional  Labora tory ;  

Brookhaven N a t  ionan Labora tory  ; 

Mound Labora tory ;  

S avannah R i v e r  Labo ra t u  r y ; 

Sandia  Labora tory ;  

Rocky P l a t s  P l a n t ;  

Idaho N a t i o n a l  Engineer ing  Labora tory ;  

t h e  Ralph  M. Parsons Company; 

Sc ience  A p p l i c a t i o n s ,  I n c . ;  and 

Los Alamos T e c h n i c a l  A s s o c i a t e s .  

The program l a s t e d  approximate ly  3 y e a r s .  The f i r s t  seven  o r g a n i z a t i o n s  

l i s t e d  above, p l u s  t h e  ORNL Engineer ing  Phys ics  D i v i s i o n ,  conducted s t u d i e s  

on s p e c i f i c  a s p e c t s  of P-T d u r i n g  t h e  f i r s t  2 y e a r s  of t h e  program. The 

r e s u l t s  of t h e s e  i n d i v i d u a l  s t u d i e s  w e r e  used by t h e  s t a f f  of t h e  ORNL 

Chemical Technology D i v i s i o n  t o  develop f u e l  c y c l e  material  and f a c i l i t y  

d e s c r i p t i o n s ,  which were t h e n  s u b j e c t e d  t o  r i s k  and c o s t  a n a l y s e s  by t h e  

l a s t  t h r e e  o r g a n i z a t i o n s  ( s e e  list above) d u r i n g  t h e  t h i r d  y e a r  of t h e  

program. In t h e  f i n a l  p a r t  of t h e  program, a l l  t h e s e  r e s u l t s  w e r e  evalu- 

a t e d ,  l e a d i n g  t o  a n  assessment  of the f e a s i b i l i t y  and i n c e n t i v e s  f o r  P-T 

and t h e  s p e c i f i c a t i o n  of  t h e  r e s e a r c h ,  development,  and demonst ra t ion  (RD&D) 

requi rements  needed t o  implement P-T. The i n f o r m a t i o n ,  c o n c l u s i o n s ,  and 

recommendations developed by t h e s e  e f f o r t s  are expec ted  t o  b e  used as t h e  

t e c h n i c a l  backup f o r  DOE'S d e c i s i o n  as t o  whether  P-T is t o  b e  implemented, 

s u b j e c t e d  t o  a d d i t i o n a l  s t u d y ,  o r  e l i m i n a t e d  as a w a s t e  management o p t i o n .  
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7 . 1 . 1  S c z  and ground r u l e s  -___ - __ 

This  i epor t -  SumrnaLiLes t h e  r e s u l t s  of  t h e  ORN1,--diipcted program 

d e s c r i b e d  above. 'Ihr procedures  gscd and d e r a i l e d  d a t a  ob ta ined  i n  l h e  

i n d i v i d u a l  s t u d i e s  condiicted d u r i n g  t!ie f i r s t  ? y e a r s  of t h e  pLugrainr and 

affoicled by t h e  r i s k  an2 c o s t  a n a l y s e s  condiicted d u r i n g  t h e  ch i rd  yea r  of  

t h e  proeram, are  conta innd  i n  a seripc; of programmaiic p r o g r e s s  r e p o r t s  
6 

1 and i t 1  t o p i c a l  ~ e p o r t s  p repared  by each p a r i i c i p a t i n g  o r g a n i z a t i o n .  T h ~ s  

i n fo rma t ion  w i l l  not be  r epca ted  excepi as i t  i s  requiit .2 t o  suppor t  t h e  

a s s e s s int - n t c o II c a i n  e d h c r P in . 

Many o f  t h e  i .ndividua1 s t u d i e s  and r i s k  and c o s t  a n a l y s e s  may have 

more g e n e r a l  a p p l i c a t i o n s  Khan P--T. F o r  exznple ,  some o f  t h e  p r o c e s s e s  

examined f o r  p a r t i t i o n i n g  purposes  may a l s o  f irid u se  i n  r educ ing  plutonium 

1-osses o r  reduci-ng t h e  volume of r a d i o a c t i v e  was te s  from convent iona l  

(ion-P-'l') f u e l  c y c l e s .  T i t  a d d i t i o n ,  t h e  i.oforrnation on  pa rc i t i on i -ng  

devel-oped as a p a r t  of t h i s  program w i l l  be  necessa ry  t o  assess t h e  

f e a s i b i l i t y  an3 incent i .ves  of  e x L r a t e r r e s t r i a S  d i s p o s a l  of  p o t e n t i a l - l y  

troublpsome w a s t e  cons t i t 1 l en t s ,  as i s  be ing  cons ide red  i.n a separate 

program. F i n a l l y  , t h e  i n c e n t i v e s  a n a l y s i s  i n  t h i s  r e p o r t  represents 

the  Ei.rst known a t t e m p t  t o  balai ice  t h e  s h o r t - t e r m  e f f e c t s  ( r i s k  and c o s t )  

of an advanced waste rnanageliieiit o p t i o n  against. t h e  long-term b e n e f i t s  of 

t h a t  opt-ion. It should b2 noted t h a t  this s t u d y  d i d  n o t  c o n s i d e r  whether  

f u e l  c y c l e  wastes could  be  s u f f i c i e n t l y  decontaminated f rom t r a n s u r a n i c  

(TRU) nuc l - ides  t o  p e r m i t  t h e i r  disposal .  as non-TRU wastes. 

8 

The ground ruJ.cs used t o  gu ide  the P-T program were as f o l l o w s :  

1. Only conveiit ionab chemical  p r o c e s s e s  w i t h  a reasonably h igh  

a s su rance  of  near- term succcss  and a v a i l a b i l i t y  were t o  be  

corrsi dered .  

2 .  The r e p r o c e s s i n g  f lowshee t s  cons idered  i n  t h i s  program were t o  

i n c l u d e  coprocess ing  i n  accordance  w i t h  ERI>A (now DOE) guidance 

s o  t h a t  t he  r e s u l t i n g  f a c i l i t i e s  would  be  c o n s i s t e n t  w i th  t h e  

c u r r e n t  A d m i n i s t r a t i o n ' s  n o n p r o l i f e r a t i o n  o b j e c t i v e s .  

'3. LURs werr t o  be  cons ide red  as the pr imary  t rans imi ta t ion  d e v i c e s  

i n  accordance w i t h  EKDA (now DOE) guidance ;  PBRs were examined 

as a pa rame t r i c  v a r i a t i o n .  
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The major  emphasis of t h e  program w a s  t o  o b t a i n  a meaniogful and  

d e f c n s i b l e  a n a l y s i s  of t h e  f e a s i b i l i t y ,  i n c e n t i v e s ,  and lil)&D t imr  

and c o s t  requi rements  of P-T; t h e  ob jec t - ivcs  d i d  not  i n c i u d e  the 

developnicnt of I>-T technology.  

Thus t h e  a n a l y s i s  p r e s e n t e d  i n  t h i s  r e p o r t  i s  a n  o v e r a l l ,  b u t  n o t  neces- 

s a r i l y  optimum, assessment  of t h e  P-T waste manageiiient concept ,  h 

s e n s i t i v i t y  a n a l y s i s  ( S e c t .  1 . 2 . 4 . 3 )  was used t n  exariiine the e f f e c t s  o f  

t h e  n o n o p t i m a l i t y .  I n  rna.tiy ir istanc.es,  i.t w a s  necessary  t o  make approxi-  

mai ions o r  assumptions based on o u r  b e s t  t e c h n i c a l  judgment dm. t o  

budgetary  o r  t i m e  c o n s t r a i n t s .  The Ii i i2 . jor  approximati.ons a d  assumptions 

t h a t  were ii:;ed arid a quaI.:i.-tative evaJ.ciation of t h e i r  p o t e n t i a l  irnpac.t 

are gi.ven i n  Sect .  1.1.. 4 .  

The f u e l  cycle b e i n g  examined must be "closed" i n  o r d e r  t o  eva lua l : e  

o r  even c o n s i d e r  t h e  impn.eiiientati.on of P-T. That  i s ,  p r o v i s i o n s  must 

e x i s t  f o r  r e p r o c e s s i n g  s p e n t  f u e l  t o  r e c o v e r  t h e  princ.ipa1 fi.ssi.1.e and 

f e r t i l e  values and fabric:a. t ing them :i.rito fre:jh fuel . .  I f  the fuel. c y c l e  

i.s n o t  c3.osec1, P-T i s  o b v i o u s l y  impossi.1,l.e. However, i t  should  b e  noted  

t h a t  t h i s  p r o j e c t  r e p r e s e n t s  t h e  e v a l u a t i o n  of a n  advanced waste matlagen1en.t 

a l t e r n a t i v e  and should  no r  b e  corrstrued as a d v o c a t i n g  o r  i.mpl.ying t h e  

e v e n t u a l  :iinplementation of t h e s e  t e c h n o l o g i e s .  

T h e  general. approach used i n  t h i s  program w a s  t o  perform a n  i n c r e m e n t a l  

c o s t - r i s k - b e n e f i t  a n a l y s i s  o f  t h e  P-T concept .  As a p r e r e q u i s i t e ,  two 

c l o s e d  LWJ3 f u e l  c y c l e s ,  a P-T c y c l e  and a r e f e r e n c e  (110 P-T) c y ( - l e ,  w e r e  

d e f i n e d .  These f u e l  c y c l e s  are the same i n  a l l  respectc;  except  t h a t  t h e  

r e f e r e n c e  f u e l  c y c l e  involved t h e  u s e  o f  a c o p r o c e s s i n g  f lowshee t  f o r  

recovery  of t h e  economic v a l u e s  of  uranium and plutonium and r e c y c l i n g  

t h e  recovered  uranium and plutonium, whereas t h e  P-T f u e l  c y c l e  used 

c o p r o c e s s i n g  p l u s  a d d i t i o n a l  p a r t i t i o n i n g  p r o c e s s e s  t o  r e c o v e r  ac t inr ldes  

from r e f a b r i c a t i o n  and r e p r o c e s s i n g  p l a n t  wastes and r e c y c l e d  Irliese 

recovered  a c t i n i d e  e lements  t o  t h e  r e a c t o r .  

The r e f e r e n c e  and P-T f u e l  c y c l e s  are d e p i c t e d  s i m u l t a n e o u s l y  in 

Fig. 1.1. The r e f e r e n c e  f u e l  c y c l e  i n c l u d e s  e v e r y t h i n g  t o  the ieTt of 
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t h e  d.ashed, ve r t i ca l  l i n e .  71he fuel.  charged t o  the PVR i s  assumed t o  be  

comprised of  332 MOX f u e l  and 67% enriched-uranium f u e l .  A f t e r  an exposure  

of 3 3  GWd p e r  metric ton  of heavy metal (FITEM), which i.s achieved  a f t - e r  

3 y e a r s  i n  t h e  reac- tor ,  t h e  f u e l  i s  d i scha rged ,  a l lowed t o  deca.y f o r  

1 .5  years,  and then. t r a n s p o r t e d  t o  t h e  fuel. r e p r o c e s s i n g  p l a n t  (FRI-’) . 
T h e  f u e l  is  rep rocessed  u s i n g  a coprocess ing  Purex f lowshee t ,  which re- 

cx3vers aud p u r i f i e s  uranium and plutonium w i t h  o n l y  a p a r t i a l  s e p a r a t i o n  

of the uranium f roni t h e  plutonium. Af t e r  RII a d d i t i o n a l  0 .  .?-year decay,  

t h e  recovered  uranium and pj.utonium, a long  w i t h  a s u b s t a n t i a l  f r a c t i o n  

o f  t h e  neptunium, i s  then  s e n t  t o  the c.oI.r~c:ated MOX f u e l  f a b r i c a t i o n  

p l a n t  (FFP),  where 33% of t h e  f u e l  f o r  t h e  next r e a c t o r  - r e h a d  i s  f a b r i -  

c a t e d ,  A t  t h i s  p o i n t ,  s m e  a d d - i t i o n a l  e n r i c h e d  uranium may be  r e q u i r e d  

to nia in ta in  t h e  MOX f r ac t . i on  a t  33% si.nce t h e  f i s s i l e  plu%onium c o n t e n t  

d e c r e a s e s  as i t  i s  r e c y c l e d .  The wastes sent.  t u  t h e  r-eposi.tory i n c l u d e  

abou t  4% each  of t h e  uranium arid plutonium, 25% of the neptunium, and 

v i r t u i a l l y  al.1 of  the f i s s i o n  p roduc t s ,  ameri.cium, curium, I 4 c ,  and f u e l  

assembly s t r u c t u r a l  materials.  

The P-T cycle i s  q u i t e  s i m i l a r  t o  the r e f e r e n c e  c y c l e  except t h a t  

t l i c i  w a s t e  t r ea tmenr  E a c i l i t i e s  (WTFs) ( see  the r igh t -hand s i d e  of t h e  

dashed l i n e ,  F i g .  1 .1)  are b rough t  i n t o  p l ay .  These f a c i l i t i e s  t a k e  tile 

a c t i n i d e - b e a r i n g  wastes f t-om the f u e l  r e p r o c e s s i n g  and MOX f u e l  f a b r i c a -  

t i o n  p l a n t s  and p r o c e s s  them t o  reduce  the a c t i n i d e  c o n t e n t s  of t h e  wastes.  

The streams r e t u r n i n g  t o  t h e  main r e p r o c e s s i n g  and f a b r i c a t i o n  f a c i l i t i e s  

are t h e  a c t i n i d e - d e p l e t e d  ( p a r t i t i o n e d )  waste:; and the a c t 5 n i d e s  t h a t  were 

recovered  by p a r t i t i o n i n g *  The recovered  a c t i n i d e s  art. then  f a b r i c a t e d  

i n t o  MOS f u e l ,  t o g e t h e r  w i t h  t h e  uranium and p lu tonium recove red  i n  t h e  

FRP. Based on expe r imen ta l  s t u d i e s ,  t h e  o v e r a l l  amount o f  a l l  unrecovered 

a c t i n i d e s  is  e s t i m a t e d  to be  about  0.25% of t h e  s p e n t  f u e l  in t h e  1’-T case. 

These unrecovered a c t i n i d e s  are s e n t  t o  t h e  r e p o s i t o r y  i n  combinat ion w i t h  

the v a r i o u s  wastes. 

The f u e l  c y c l e  o p e r a t i o n s  i n  which P-T i s  expec ted  t o  have a s i g n i f i -  

c a n t  impact are c h a r a c t e r i z e d  acco rd ing  t o  t h r e e  cr i ter ia :  r i s k s ,  c o s t s ,  

and b e n e f i t s .  In  t h i s  r e p o r t ,  r i s k  is d e f i n e d  as the shor t - t e rm r o u t i n e  

o r  a c c i d e n t a l ,  r a d i o l o g i c a l  o r  n o n r a d i o l o g i c a l  impact of  each  f a c i l i t y .  
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T h i s  r i s k  i s  developed by usi.ng sou rce  t e r m s  du r ing  r o u t i n e  opera t i -on  

a n d / o r  p r o b a b i l i s  t i ic  a c c i d e n t  f r e q u e n c i e s  and consequences w i t h  s t a n d a r d  

me teo ro log ica l  and b ioLogica1  models t o  de te rmine  t h e  impact o f  each 

f a c i l i t y .  T h e  c o s t  c r i t e r i o n . ,  which i n c l u d e s  on ly  t h e  monetary c o s t ,  i s  

gene ra t ed  by developing  concep tua l  p l a n t  des-i.gns and app ly ing  s t a n d a r d  

c o s t i n g  t echn iqucs .  The b e n e f i t s ,  which refer t o  t h e  reduct : ion i n  t h e  

long-term p r o b a b i l i s t i c  dose froui a waste r e p o s i t o r y ,  are  determined by 

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

v ia  computer codes and then  usirig sliandard metenrol .ogical  and b i o l o g i c a l  

modc1.s i o  de te rmine  t h e  dose .  

The d i f f e r e n c e s  i n  t h e  r i s k s ,  c o s t s ,  and b e n e f i t s  of t h e  o p e r a t i o n s  

i n  t h e  t w o  f u e l  c y c l e s  t h a t  are a t t r i b u t a b l e  t o  P-T can be ca l -cu la ted  by 

examhir ig  s e p a r a t e l y  each of tihe :fuel- c y c l e  o p e r a t i o n s  d e p i c t e d  i n  

F ig .  1.1. These d i fEe rences  are d e s i g n a t e d  as "incremental." r i s k s ,  c o s t s ,  

and b e n e i i t s .  The advantage  o f  us ing  an  inc remen ta l  aris1ysi.s i s  t h a t  

those  o p e r a t i o n s  n o t  a f f e c t e d  by P-T w i l l  b e  i d e n t i c a l  i n  t h e  two c y c l e s  

( e . g . ,  UO f a b r i c a t i o n )  and need n o t  be  cons ide red  a t  al~l. This  procedure  

s i g n i f i c a n t l y  rediices t h e  iilagraitude of t h e  t a s k .  
2 

The f u e l  cyc 1 c o p p r a t i o n s  t h a t  a re  cxpec red  t o  be  s i g n i f  i c a i r i l y  

a f f e c t e d  by P-T, and t h u s  have nonzero inc re rwnta l  changes i n  Lhe r i s k s ,  

bcncfils, or c o s t s ,  are as fo l lows :  ( I )  f u e l  r e p r o c e s s i n g  and a s s o c i a t e d  

w a s t e  t r ea tmen t ;  ( 2 )  NOX f u e l  f a b r i c a t i o n  arid a s s o c i a t e d  waste t r e a t m e n t ;  

( 3 )  waste d i s p o s a l :  ( 4 )  transilllit a t i o n ;  and (5) t r a n s p o r t a t i o n  of s p c n t  

f u e l ,  f r e s h  f u e l ,  and waste. However, by d e f i n i n g  t h e  scopes  of t h e  FKP 

and t h e  MQX FFP a p p r o p r i a t e l y ,  i t  i s  p o s s i b l e  t o  n e g l e c t  t h e  d i f f e r e n c e s  

i n  Lhese two p l a n t s  i n  t h e  reFereoce and P--T c y c l e  ( excep t  f o r  t h e  s h o r i -  

t e r m  r i s k )  and c o n s i d e r  on ly  t h e i r  r e s p e c t i v e  WI'Fs. 

The f i n a l  step i n  t h e  i n c e n t i v e s  a n a l y s i s  i s  t o  compare ihe  r i s k s ,  

c o s t s ,  and b e n e f i t s .  Th i s  i s  done by comparing t h e  i n d i v i d u a l  v a l u e s  

w i t h  o t h e r  wel l  known v a l u e s  such  as n a t u r a l  hrtckground ( f o r  t h e  risks 

and b e n e f i i s )  and t h e  c o s t  of e l e c t r i c i t y  ( f o r  t h e  scoizomics of P-T) .  

Then, t h e  r i s k s ,  c o s t s ,  and b e n e f i t s  are colltbirled t o  y i e l d  t h e  t o t a l  

cos t  of  r educ ing  t h e  long-term r i s k  rrom t h e  w a s t e  r e p o s i t o r y  by 

1 . 0  person-rem ( i .  c ,  , $/person-rem f o r  t hc P-T concep t ) .  'This v a l u e  
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can t h e n  bc 

v a l u e  i [-I 1.0 

cerned w i t h  

compared t o  an e x t e r n a l  c r i t e r i o n  (e.g., t h e  $L000/person-rem 

CFK 50, Appendix L ) . Tile. Last p a r t  of the a n a l y s i s  i s  con- 

i n v e s t i g a t i n g  t h e  sensi . t i .v i ty  o f  the comparisons t o  u n c e r t a i n -  

9 

t ies in d a t a  and t h e  e f f e c t s  of major assumptions.  

T h e  o t h e r  two a s p e c t s  of t h i s  assessment  are  f e a s i b i l i t y  and m 

estimate cf the t i m e  and c o s t  reciuirsmerits l o r  RD&D needed t o  implement 

I-"-T. The Y e a s i b i l i t y  assessment  i s  g iven  as an i n t e g r a l  p a r t  o f  tbe 

d i s c u s s i o n  o f  specif ic  t e c h n i c a l  aspeccs of t h e  P-T fuel cyc le .  h 

c o n s o l i d a t e d  d i s c u s s i o n  of t h e  c ime  and cosr requi rements  Eor WhD i s  

i t~cludecl  a t  t h e  end of t h e  r e p o r t  a f t e r  t h e  f e a s i b i l i t y  arid i n c e n t i v e s  

o f  P-T have been p r e s e n t e d .  

1 . 1 . 4  _- M g o r  assumptions and approximations 

T h r w  major assumptions were made i n  t h e  P-T assessment- program. 

Thc f i r s t  w a s  t h a t  a p r o c e s s  capable  o f  p a r t i t i o n i n g  t h e  a c t i n i d e s  a t  a 

very lc rw  cost  and irnpact ( i . e . >  a ''imgiical'' p rocess)  d u e s  n o t  exist.. The 

r e s u l t  o f  t h i s  assumption is  t h a t ,  whj l e  p a r t i t i o n i n g  p r o c e s s e s  s u p e r i o r  

t o  t h o s e  d e s c r i b e d  h e r e i n  might be developed,  t h e y  will not  reduc*r t h e  

c o s t s  and i m p a c t s  o f  P-T by more than a f a c t o r  of 2.  

The sec.ond assimpt i o n  was t h a t  c e r t a i n  techaological aspects of P-T 

axe  f e a s i b l e ,  even though they p r e s e n t l y  have no f i r m  experiment-al  b a s i s .  

Two impor tan t  examples are f u e l  performance and t h e  o p e r a t i o n  c) E p a r t i -  

t i o n i n g  f a c i l i t i e s  c l o s e l y  t i e d  t o  FRPs and FFPs. Fue ls  c o n t a h i n g  h i g h  

c o n c e n t r a t i o n s  of n e p t u n i u m ,  americium, and curium were assumed t o  have 

a c c e p t a b l e  i r r a d i a t i o n  b e h a v i o r  based o n l y  on the acceptabi1.if.y of 

uranium-p1,ut:onium f u e l s .  A l l  of t h e  processes i n c l u d e d  i n  t h e  p a r t i t i o n -  

i n g  f a c i l i t y  have been t e s t e d  e x p e r i m e n t a l l y  to  some e x t e n t .  However, 

no tests have been made of an i a t eg ra t ed  f l o w s h e s t ,  w i t h  i t s  many recyc.le 

streams and p o s s i b l e  i m p u r i t i e s .  U n t i l  such  tests are performed, t h e  

e f f e c t s  of r e c y c l i n g  t h e s e  streams on t h e  o p e r a b i . l i t y  and  performance of 

t h e  f a c i l i t y  are u n c e r t a i n .  

The t h i r d  a s s i m p t i o n  w a s  t h a t  a p r o b a b i l i s t i c  r i s k  a n a l y s i s  i s  a n  

a c c e p t a b l e  m e a s u r e  o f  the a c t u a l  r i s k s  of o p e r a t i n g  fuel- c y c l e  f a c i l i t i e s  

and w a s t e  r e p o s i t o r i e s .  



The s i n g l e  major approxinration made i n  iliis a n a l y s i s  was t h a t  t h e  

impact of P-T on f u e l  c y c l e  f a c i l i t i e s  o t h e r  t han  reproressing and 

r e f a b r i c a t i o n  p l a n t s  i s  zero ;  t h e r e f o r e ,  such f a c i l i L i e s  do n o t  need 

1-0 be  cons iderpd .  It1 r e a l i t y ,  t h e r e  would probably  h e  second- o r  t h i r d -  

o r d e r  e f f e c t s  of a d e t ~ c t a b l e ,  b u t  probably  i n s i g n i f i c a n t ,  nmgaitude on 

the  o t h e r  f a c i l i t i e s  ( e . g . ,  t h e  r e a c t o r ,  uranium eni ichrnent) .  The accuracy  

of t h i s  approximat ion  can be  v e r i F i e d  on ly  by per forming  a d e t a t l e d  con- 

c e p t u a l  d e s i g n  of  a l l  fuel c y c l e  f a c i l i t i e s ,  an  unde r t ak ing  far beyond 

t h e  scope of t h i s  program. 

1.2 S u m a r y  

1 . 2 . 1  P a r t i t i o n - i n g  

The ORNJ.. program h a s  developed conceptual-  p a r t i t i o n i n g  f lowshee t s  

f o r  bo th  t h e  FRP and t h e  MOX PFP. The p r o c e s s e s  used i n  t h e s e  f l -owsheets  

and the es t ima ted  degree  t o  which they  reduce  t h e  amounts of unrecovered 

a c t i n i d e s  i n  w a s l ; e s  are  d e s c r i b e d  i n  S e c t .  1.2.1.1. The p o s s i b i l i . t y  of 
s e p a r a t i n g  Lwo impor tan t  long- l ived  f i s s i o n  p roduc t s ,  "Tc and 1291, is 

summarized i n  S e c t .  1 .2 .1 .2 ;  t h e  fensibil . i t :y o f  t h e  ove ra l l  a c t i n i d e  

p a r t i t i o n i n g  p rocess  i s  addressed  i n  S e c t .  1 . 2 . 1 . 3 .  The p o s s i b l e  impacts  

of  advanced p a r t i t i o n i n g  p r o c e s s e s  and the  seas i n  which improve- 

ments might be  expec ted  are d i s c u s s e d  i n  S e c k .  1.2.1.4. 

1.2.1. ;  A c t i n i d e  partitioning - f lowshee t s .  P a r t i t i o n i n g  of t h e  

wastes i n v o l v e s  two g e n e r i c  s t e p s :  s e p r a t i o n  of tihe a c t i n i d e s  from t h e  

waste by e i t h e r  l e a c h i n g  o r  b reak ing  down s t r o n g  o r g a n i c - a c t i n i d e  chemical  

compounds, and recovery  of t h e  a c t i n i d e s .  The second s t e p  i s  accompl-ished 

us ing  t h e  following s t a n d a r d i z e d  p rocess ing  sequence:  

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

1. The t e t r a v a l e n t  and hexava len t  a c t i  t i ides  (uranium, plutonium, and 

neptunium) are recovered  by I'BP e x t r a c t i o n ,  s t r i p p e d  from t h e  

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

2 _. The t r i v a l e n t  act i i - r ides  (americium and curium) and l a n t h a n i d e s  
2- 

are  c o e x t r a c t e d  from t h e  waste us ing  a b i d e n t a t e  ( C M P  ) e x t r a c t a n t  

and s t r i -pped  from t h e  s o l v e n t  f o r  subsequent  t r e a t m e n t  u s i n g  
............. 
k 

CMP = dihexy1.-N, N-diethylcarbumylmethylene phosphonate  . 
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c a t i o n  exchange chromatography (CEC) e The r e s i d u a l  was te  i s  

r e t u r n e d  t o  t h e  p a r e n t  f a c i l i t y  f o r  s o l i d i f i c a t i o n  b e f o r e  

d i s p o s a l .  

3 .  The a c t i n i d e s  are separalred from the l a n t h a n i d e s  u s i n g  CEC. 

The Lanthanide f r a c t i o n  i s  r e t u r n e d  1-0 t h e  p a r e n t  f a c i l  i t y  

and mixed w i t h  t h e  t r e a t e d  HLLW p r i o r  t.o s o l i d i f i c a t i o n .  T h e  

recovered  a c t i n i d e s  (americium and curium) are  r c  turned  t o  thil 

p a r e n t  f a c i l i t y  f o r  convers ion  t o  t h e  o x i d e s .  

This  sequence is  d e p i c t e d  s c h e m a t i c a l l y  i n  t h e  g e n e r i c  p a r t i  t ior i ing 

f l o w s h e e t  shown i n  F i g .  1 . 2 .  

The HLW, which is t h e  r a f f i n a t e  f r o m  a TBP 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  i n  t h e  FRP, is fed  d i r e c t l y  t o  t h e  CMP e x t r a c t i o n  p r o c e s s  

f o r  recovery of t h e  t r ivalentr .  l a n t h a n i d e s  and a c t i n i d e s .  These t w o  

groups of elements are s u b s e a u e n t l y  s e p a r a t e d  us ing  CEC.  

The c l a d d i n g  h u l l s  and dissolver s o l i d s ,  which have been p r e v i o u s l y  

leached  w i t h  n i t r i c  a c i d ,  are s u b j e c t e d  t o  a final. l e a c h i n g  w i t h  HNO -HP 

f o r  removal of a d d i t i o n a l  a c t i n i d e s .  The f l u o r i d e  i o n  c a t a l y z e s  t h e  

d i s s o l u t i o n  of p r e v i o u s l y  i n s o l u b l e  a c t i n i d e s .  The HEPA f i l t e r  and 

i n c i n e r a t o r  a s h  wastes from b o t h  t h e  FRP and t h e  FFP c o n t a i n  a c t i n i d e s  

t h a t  are  a lso l a r g e l y  i n s o l u b l e  i n  n i t r i c  a c i d .  Leaching t h c  f i l t e r  

media w i t h  HXO -!IF r e s u l t s  i n  an i n t r a c t a b l e ,  gooey mass t h a t  cannot  b e  

I i l t e r e d  or  c e n t r i f u g e d  and w i l l  r e s u l t  i n  complete  d i s s o l u t i o n  o f  the 

i n c i n e r a t o r  ash .  Leaching w i t h  a HNO -Ce(IV) s o l u t i o n  h a s  been found t o  

b e  a s u i t a b l e  a l t e r n a t i v e .  T h i s  p r o c e s s  a l l o w s  the p h y s i c a l  c h a r n c t e r -  

i s t ics  of t h e  IEPA media t o  b e  r e t a i n e d  and o n l y  p a r t i a l l y  d i s s o l v e s  t h e  

i n c i n e r a t o r  ash. The Ce(lV) is  produced by t h e  e l e c t r o l y t i c  o x i d a t i o n  o f  

C e ( I 1 L ) ;  and when t h e  l e a c h i n g  i s  complete ,  o x a l i c  a c i d  i s  added t o  t h e  

system t o  c o n v e r t  Ce(IV) t o  C e ( l I 1 )  and t h u s  reduce  equipment c o r r o s i o n  

rates. 

c leanup,  c o n t a i n  a v a r i e t y  of a c t i n i d e s ,  many of which are bou17d i n  

n o n s t r i p p a b l e  a c t i n i d e - o r g a n i c  complexes. These complexes are d e s t r o y e d  

and removed by e x t r a c t i o n  w i t h  2-etl iylhexanol (2-EHOH) . The a c t i n i d e s  

from t h e s e  t h r e e  wastes a r e  t h e n  s e p a r a t e d  and recovered ,  f i r s t  by TRP 

3 

3 

3 

The s a l t  wastes, p r i n c i p a l l y  t h e  N a 2 C 0 3  s o l u t i o n s  f rom s o l v e n t  
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( f o r  uranium, neptunium, and pl-ut-onium) and t h e n  by  CPW ( f a r  t r i v a l e n t  

a c t i n i d e s  arid 1ant:hani.des) exlrrac:t:ioo, followed by CEC ( t:o :;epan’at:e the 

tri.valel-1 t a c t i n i d e  B arid l a n t h a n i d e s  3 . 
A l l .  o f  t h e  a c t i n i d e - d e p l e t e d  wastes are r e t u r n e d  t o  the p a r e n t  

f a c i l i t y  f o r  f i n a l  t r e a t m e n t  ( e . g e g  v i t r i E i e a t i o n ,  c o n c r e t i o n )  and 

packaging f o r  d i s p o s a l .  I n  genesal,  the i.ncreases i n  p r o c e s s  w a s t e  

volumes a r e  h e l d  t o  a minimum because  o f  the u s e  of che.mica1.s tha t  can 

be recovered  and r e c y c l e d .  The c o n c r e t e d  wastes i n c r e a s e  s i g n i f i c a n t l y  

i n  vo.3.ume (about  50%) , and t h i s  c . i m  be a ~ t : r i b u t e d  t o  tht? w a s t e n  prodciced 

by  the C E C  p r o c e s s  and t h e  a d d i t i . o n a l  s o l v e n t  cleanup chemicals used i n  

the WTF:;. Fail .ed eqaipment w;zs tc: i n c r e a s e s  by 1.00% a t  t:he E’RP s i t e  arid 

25% at t h e  FFP si.te due t o  t h e  WTFs. 

The. e s t i m a t e d  t o t a l .  amounts of actini.des r e p o r t i n g  t o   he fue l  c y c l e  

wastres :for bo th  the re.f;erence C:;ISE and the P-T case are s u i m i i a ? - i  zed i n  

Table 1.1. These v a l u e s  a r e  based on results from experiment.al p a r t i t i o n -  

h g  s t u d i e s .  As i s  e-vident t h e  ttjt:.11 aimuntS of unrecovered a c t i n i d e s  

have been d e c r e a s e d  by a f a c t o r  of 1 6  t o r  uranium and plu.tonium.,  by  a 

f a c t o r  of 1-00 f o r  neptunium, arid by a. fact:wr o f  400 f o r  [.lie r~rnnspl[rtor’l :~.sim 

a c t i n i d e s .  Only 25% of t h e  neptunium reports t o  wastes i n  the refrrence 

eycltz because it fol.I.ows the c:oprroc:t:.ssed prc,duct i n  the r e p r o c e s s i n g  p l a n t :  

under the assumed operat:i.rig c:ond:i. t iotis. 

1 . 2 - 1 -  2 P a r t i t i o n i n g  of t e c ~ - ~ ~ ~ - ~ - ~ ~ ~ - - ~ ~ ~ ~ l - . .  i o d i n e .  Whi-le procedures f o r  

p a r t  j. t i o n i n g  technet ium from t.he r e p r o c e s s i n g  p l . an t  s trc;ms and d i s s o l v e r  

so1.i .d~ i n  which i t  o c c u r s  were n o t  i d e n t i f i e d  i n  these studies t h e r e  iS 

no known r e a s o n  why a c c e p t a b l e  tec.hniques c o d d  n o t  be  des igned  w i t h i n  

t h e  framework o f  t h e  a c t i n i d e  p a r t i t i o n i n g  f lowsheets  t.hat: hnvc been 

developed.  

I o d i n e  removal. is, i n  e f f e c t ,  a l r e a d y  i n  

Its remo-vsl  from PUP streams by t-echniquerg such as c a u s t i c  scr-ubbing 

mercuric n i t r a t e  s crubb i n g  , z e o l  i t e a d  s o r  p t i o n  c’na r coal ,~idt;o r p t i s m  and 

the Iodox process has been demonstrated I 



Table 1.1. T o t a l  a c t i n i d e s  r e p o r t i n g  t o  wastes as a 
p e r c e n t a g e  of f a c i l i t y  feed  w i t h o u t  and w i t h  p a r t i t i o n i n g  

F u e l  r e p r o c e s s i n g  .P.k!.? MOX f u e l  f a b r i c a t i o n  p l a n t  

E l  emen t Reference c y c l e  P-T c y c l e  Reference c y c l e  P-T c y c l e  

Uranium 2 . 0  

Neptunium 21.4 

P 1 u t  onium 2 . 0  

100.0 Americium 

100 1 0 Curium 

a 

a 

0.1 

0.1 

0.1 

0 . 1  

0.1 

2.0 

4.5 

2.0 

20.5 

20.5  

0 .15  

0.15 

0.15 

0.15 

0.15 

a, l h e  same v a l u e s  are  assumed f o r  berke l ium and c a l i f o r n i u m .  

1 . 2 . 1 . 3  F e a s i b i l i t y  ....... .. . .. . .. . of .. a c t i n i d e  p a r t i t i o n i n g .  S i x  p r o c e s s e s  used 

i n  t h e  p a r t i t i o n i n g  f a c i l i t i e s  are  d e s c r i b e d  i n  Sec t .  1 . 2 . 1 , l . :  Purex 

( t r i b u t y l  phosphate ,  TBP) e x t r a c t i o n ,  CMP e x t r a c t i o n ,  CEC, 2-EHOH e x t r a c -  

t i o n ,  n i t r i c  ac id- -hydrof luor ic  a c i d  l e a c h i n g ,  and n i t r i c  ac id- -cer ic  

n i t r a t e  l e a c h i n g .  Based on t h e  e n g i n e e r i n g  e v a l u a t i o n s  and exper imenta l  

s t u d i e s  conducted as a p a r t  of t h i s  program, w e  b e l i e v e  t h a t  a l l  of t h e s e  

p r o c e s s e s  are f e a s i b l e  and consequent ly  t h a t  p a r t i t i o n i n g ,  as a who1.e i s  

f e a s i b l e .  Both TBP e x t r a c t i o n  and n i t r : i c  ac id- -hydrof luor ic  a c i d  l e a c h i n g  

are  we1.1. demonstrated t e c h n o l o g i e s  t h a t  have been used f o r  y e a r s  w i t h i n  

t h e  n u c l e a r  d e f e n s e  program. CEC h a s  a l s o  been demonst ra ted ,  a l t h o u g h  

less e x t e n s i v e l y  t h a n  t h e  Purex p r o c e s s .  The CMP e x t r a c t i o n  p r o c e s s  h a s  

been tes ted under r a d i o a c t i v e  c o n d i t i o n s  on s m a l l  sarnp1.e~ of d i s c h a r g e d  

Z,WR f u e l  and on Idaho Chemical P r o c e s s i n g  P l a n t  w a s t e .  Fiiia.l.Py, b o t h  t h e  

2-EHOH e x t r a c t i o n  and t h e  n i t r i c  a c i d - - c e r i c  n i t r a t e  l e a c h  p r o c e s s e s  have 

been demons t:rated on a l a b o r a t o r y  s c a l e  wi . tb  t racer l e v e l s  of r a d i o a c t i v i t y .  

The p r i n c i p a l  c a v e a t  concerning t h e  p a r t i t i o n i i t g  f l o w s h e e t s  developed 

i n  t h e  c o u r s e  o f  t h i s  program i s  t h a t  Lhey are  very  h i g h l y  inLegra ted  

( i * e . ,  c o n s i d e r a b l e  i n t e r n a l  r e c y c l e  of p l a n t  streams i s  r e q u i r e d )  t o  

p r e v e n t  a c t i n i d e s  f r o m  r e p o r t i n g  t o  t h e  wastes. A s  a r e s u l t ,  i t  i s  

p o s s i b l e  thai. one o r  more chemical  species having a d e t r i m e n t a l  e f f e c t  
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on p l a n t  performance could  form and c o n t i n u e  t o  b u i l d  up w i t h i n  t h e  

p l a n t ,  c a u s i n g  unacceptab ly  h i g h  amounts o f  a c t i n i d e s  t o  r e p o r t  t o  t h e  

w a s t r  01- f o r c i n g  p l a n t  shutdown due t o  o p e r a t  irtg d i f f i c u l t  i u s .  

Rddi t i o n a l l y ,  t h e  CEC p r o c e s s  , a l though judged t o  b e  r e a s i b l  E ,  has 

some s e r i o u s  o p e r a t i o n a l  drawbacks a r i s i n g  from t h e  severe r a d i a t i o n  

damage t o  t h e  r e s i n s  by t h e  2 4 2 ,  244cm. 

s a f e t y  h a z a r d  from t h e  p r o d u c t i o n  of e x p l o s i v e  d e g r a d a t i o n  p r o d u c t s ,  and 

l e a d s  t o  i n c r e a s e d  c o s t s  and o p e r a t i o n a l  complexi ty  because  o f  t h e  need 

t o  d i s c a r d  t h e  r e s i n  a f t e r  a s i n g l c  use .  

T h i s  damage r e s u l t s  i n  a p o s s i b l e  

1 .2 .1 .4  Advanced p a r t i t i . o n % n g  processes-. With one e x c e p t i o n ,  the 
ll_l_- .-.-----.-I--. 

f l o w s h e e t s  d e s c r i b e d  i n  t h i s  r e p o r t  p robably  c o n s t i t u t e  a near-opt.ima.1 

p a r t i t i o n i n g  technology s i n c e  (1)  t h e  r e a g e n t s  are r e l a t i v e l y  r a d i a t i o n -  

s t a b l e ,  ( 2 )  t h e  wide v a r i e t y  of w a s t e s  t o  b e  t r e a t e d  w5.1.1. requi . re  rnulti.p1.e 

p r o c e s s e s  i n  any case, and ( 3 )  t h e  p r o c e s s e s  g e n e r a l l y  i n v o l v e  t h e  u s e  of 

l i q u i d  o r  d i s s o l v e d  reagent -s  t h a t  r e q u i r e  r e l a t i v e l y  small b u t  r e l i a b l e  

equipment and r e s u l t  i n  modest i n c r e a s e s  i n  f i n a l  w a s t e  volumes. The 

e x c e p t i o n  is, of c o u r s e ,  t h e  CEC p r o c e s s ,  where ( a s  d i s c u s s e d  i n  the. 

p r e v i o u s  s e c t i o n )  c o n s i d e r a b l e  improvement. i s  d e s i r a b l e .  A second 

p o s s i b l e  advancement of  p a r t i t i o n i n g  technology would be t h e  i n t e g r a t i o n  

of  p a r t i t i o n i n g  d i r e c t l y  i n t o  t h e  p a r e n t  f a c i l i t i e s  ( i . e . ,  t h e  FRP o r  

FFP), t h u s  allowing, o v e r a l l  o p t i m i z a t i o n .  

e n g i n e e r i n g  judgment, we be l ie -ve  t h a t  t h e  combinat ion of an improved 

a c t i n i d e - l a n t h a n i d e  s e p a r a t i o n  p r o c e s s  and an opt imized ,  i n t e g r a t e d  

r e p r o c e s s i n g - p a r t i t i o n i n g  f lowshee t  might reduce t h e  c o s t  of p a r t i t i o n -  

i n g  by as much as a f a c t o r  of 2.  

Based on t h e  CEC c o s t  and our 

1 . 2 . 2  Transmutat ion 

1.2.2.7. A c t i n i d e  t r a n s m u t a t i o n .  The b a s i c  s c e n a r i o  f o r  t r a n s m u t a t i o n  
__I_ 

is  t h a t  t h e  a c t i n i d e s  are recovered  from t h e  wastes u s i n g  p a r t i t i o n i n g  

p r o c e s s e s ,  as d e s c r i b e d  p r e v i o u s l y .  They are t h e n  f a b r i c a t e d  i n t o  f u e l  

i n  a MOX f a b r i c a t i o n  p l a n t  w i t h  p r o v i s i o n s  f o r  p a r t i t i o n i n g  chose wastes 

as w e l l .  Fol lowing Chis,  t h e y  are i n s e r t e d  I n t o  t h e  t r a n s m u t a t i o n  d e v i c e  

and i r r a d i a t e d .  Upon d i s c h a r g e ,  t h e y  are al lowed t o  decay fo r  a p r e d e t e r -  

mined p e r i o d  of t i m e  and then  r e p r o c e s s e d  t o  r e c o v e r  t h e  untransmuted 
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a c t i n i d e s  f o r  r e i r r a d i a t i o n ,  wh i l e  t h e  t r a n s m u t a t i o n  p roduc t s  are  s e n t  

t o  w a s t e  d i s p o s a l .  

A t  t h i s  p o i n t ,  i t  should  be  noted  t h a t  much o f  t he  a v a i l a b l e  

in fo rma t ion  on acti:ij.de t r a n s m u t a t i o n  is  q u a n l i i t a t i v e l y  useless because  

of f l aws  i n  t h e  tal-culational assumptions or methodology, The two 

p r i n c i p a l  problems w i t h  t h e s e  sou rces  are t h a t  (1) many of t h e  ca lcu-  

l a t i o n s  a l l o w  un.fi.ss-Loned a c t i n i d e s  t o  be  removed from t h e  s y s  t e m  d u r i n g  

r e c y c l e  and t h u s  are n o t  "c losed ; "  and ( 2 )  i n c o r r e c t  c r i - t e r i a  are  used 

t o  de te rmine  t h e  enrichment  of  t h e  f u e l ,  which r e s u l t s  i n  s u b s t a n t k l ~  

e r r o r s  i n  t h e  composi t ion and t ransmuta t i o n  ra te  of t h e  r e c y c l e d  a c t i -  

n ides .  Thus much of t h e  d i s c u s s i o n  concern ing  t r ansmuta t ion  must be  

based on a qual i ta t . i .ve  e v a l u a t i o n  of exist-kng s t u d i e s  w i t h  c o n s i d e r a b l e  

i n  t e r p r e  %a t ion .  

The pr imary t r ansmuta t ion  d e v i c e  cons idc rcd  here is  a PWR opera t i r ig  

i n  t h e  self-generatcbd, coprocesszd  plutonium r e c y c l e  mode. Kecycl e of  

t h e  a c t i n i d e s  i n  t h i s  r e a c t o r  i s  p o s s i b l e  by any of several  methods: 

homogeneous d i s p e r s a l  i n  e n r i  ched uranium, d i s p e r s a l  i n  f u e l  en r i ched  

w i t h  plutonium, c o n c e n t r a t i o n  i n  t a r g e t  rods  i n  a normal f u e l  assembly,  

and c o n c e n t r a t i o n  i n  a n  assembly composed t o t a l l y  of t a r g e L  r o d s .  Based 

on t r ansmuta t ion  rate, f a b r i c a t i o n  c o s t ,  and rr-actor  o p e r a t i o n a l  coi is ider-  

a t i o n s ,  d i s p e r s a l  i n  t h e  plutonium-enriched f u e l  appea r s  t o  be  t h e  

p r e f e r r e d  mode. 

Informat ion  d e r i v e d  from t h e  t r ansmuta t ion  s t u d i e s  t h a t  w e r e  

conducted as a p a r t  of t h i s  program, as ~ e 1 . l  as o t h e r  s t u d i e s ,  a1.Iows 

11s t o  iiiake t h e  fo l lowing  staticrments concern ing  a c t i n i d e  c r a m m u t a t i o n  

i n  PWRs: 

1. A c t i n i d e  t r ansmuta t ion  ra tes  range  from 5 t o  7% p e s  ful l -power 

y e a r  ( 2 . 5  t o  3.5% p e r  c a l e n d a r  y e a r ) .  

2 .  The enrichnitint p e n a l t y  r e s u l t i n g  fro111 a c t i n i d e  r e c y c l e  v a r i c s  

from c y c l e  t o  c y c l e  b u t  d e c l i n e s  from a p e n a l t y ,  i n i t i a l l y ,  t o  

z e r o  a t  about  t h e  f i f t h  r e c y c l e .  I'htrreafter, t h e  r ecyc led  

a c t i n i d e s  r e s u l t  i n  a n  enrichment  d e c r e a s e  ( i . e * ,  b e n e f i t ) .  
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3.  Recycle  o f  t h e  a c t i n i d e s  r e s u l t s  i n  i n c r e a s e s  i n  t h e  amounts of 

2 3 8 ~ u  anti the t r a n s p l u t o n i u m  a c t i n i d e s  .i-n t h e  f u e l ,  p a r t i c u l a r l y  

2 5 2 ~ f  n u c l i d e s  e t h e  t roublesome Cm and 242 244 

4 .  Presence  of  t h e  a c t i n i d e s  i n  t h e  PhX may c a u s e  s i g n i f i c a n t  power 

peaking,  which i n  t u r n  may r e q u i r e  more c x t e n s  ive  enrichment  

grad ing w i t h i n  Euel assernbl ies.  

F i n a l l y ,  and most s i g n i f i c a n t l y ,  s u b j e c t  t o  t h e  a c c e p t a b i l i t y  of  t h e  

a c t i n i d e  r e c y c l e  fuel-s ( see  Sect.. 1 .2 .3 .2)  t he  t r a n s m u t a t i o n  of t h e  

a c t i n i d e s  a p p e a r s  t o  b e  e n t i r e l y  f e a s i b l e  and t h e  impacts  011 t h e  r e a c t o r  

do n o t  appear  t o  be unduly l a r g e .  However, o p e r a t i o n a l  changes would 

probably b e  r e q u i r e d  as  a r e s u l t  ISE t h e  r a d i a t t o n  and n e u t r o n i c  charac-  

t e r i s t i c s  of t he  P-T T t u e l s .  

1 . 2 . 2 . 2  -_ Technetium and i o d i n e  t r a n s n u t a t i o n .  O n l y  b r i e f ,  survey  

c a l c u l a t i o n s  have been made t o  determine  t h e  f e a s i b i l i t y  of t h e  transmu- 

t a t i o n  o f  technetiurn and i o d i n e .  I f  p r e s e n t  as t h e  m e t s . 1  ( m e l t i n g  p o i n t  

'1.2400 K ) ,  T c  can be t ransmuted a t  t h e  r a t e  of about  ll.% per ful l -power 

y e a r .  The produc.ts 0 2  t h e  i r r a d i a t i o n  are  rnostly s t a b l e  i s o t o p e s  of 

ruthenium. 

s u b j e c t  t o  t h e  i d e n t i f i c a t i o n  of a n  a c c e p t a b l e  f u e l  form and t o  t h e  

complet ion o f  a s t u d y  of t h e  impact of t h e  small amounts of long-l.ived 

98Tc formed by i r r a d i a t i o n  of g9Tc .  

99 

Thus t h e  t r a n s m u t a t i o n  of "Tc a p p e a r s  t o  be f e a s i b l e ,  

Assuming t h a t  i o d i n e  i s  p r e s e n t  as sodium i o d i d e ,  i t s  t r a n s m u t a t i o n  

rate would o n l y  b c  about  3% p e r  ful l -power y e a r ,  which is r e l a t i v e l y  low. 

I n  a d d i t i o n ,  most i o d i n e  compounds are v o l a t i l e  o r  u n s t a b l e  a t  r e a c t o r  

o p e r a t i n g  t e m p e r a t u r e s ,  i o d i n e  i s  very c o r r o s i v e  toward v i r t u a l l y  all 

metals,  and t h e  t r a n s m u t a t i o n  product  is  xenon gas ,  which could c a u s e  

f u e l  rod p r e s s u r i z a t i o n  problems. For  t h e s e  r e a s o n s ,  the  t r a n s m u t a t i o n  

of i o d i n e  i n  power r e a c t o r s  should  probably  be c o n s i d e r e d  t o  be m a r g i n a l l y  

f e a s i b l e  a t  b e s t .  
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1 . 2 . 2 . 3  Impact o f  a l t e r n a t i v e  t r a n s m u t a t i o n  d e v i c e s .  .... The use of 
__I_.......-......._-.. ~ 

thermal  power reactors o t h e r  t h a n  PhRs has  been i n v e s t i g a t e d  t o  some 

e x t e n t ,  and t h e  r e s u l t s  show t h a t ,  i n  general.,  their performance i s  

approximately e q u i v d e n  t t o  t h a t  of t h e  Pm when opesac-Lng w i t h  t h e i r  

own s e l f - g e n e r a t e d  a c t i n i d e s .  Thus consiclc5rati.o-n of a l t e r n a t i v e  thermal  

power r e a c t o r s  would n o t  s i g n i f i c a n t l y  impact t h e  s t a t e m e n t s  i n  

S e c t .  1 . 2  I 7.. 1- concernlng F’WR t r a n s m u t a t i o n  o r  the i n c e n t i v e s  a n a l y s i s  

g iven  i n  Sect .  1 . 3 .  

T h e  u s e  of h igh- f lux  thrr i i idl  reaceors  as t r a n s m u t a t i o n  dm7ict.s would 

o f f e r  h i g h e r  t r a n s m u t a t i o n  r a t e s .  However, t h e s e  r e a c t o L s  a re  v e r y  expen-  

s i v e  t o  opera t<’  s i n c e  (1) they  t y p i c a l l y  r e q u i r e  h i g h l y  m r i c h e d  uranium 

corcs, ( 2 )  tiley normally o p e r a t e  aL Leinperatures near  t h e  normal b o i l i n g  

p o i n t  o f  water and lient-e do n o t  produce power, and ( 3 )  they a r e  g e n e r a l l y  

s i n a l 1  due t o  h e a t  removal c o n s i d e r a t  i o n s .  For tliese r e a s o n s ,  high-f l u x  

thermal  r e a c t o r s  should  n o t  be cons idered  usefu l  f o r  t h e  P-T a p p l i c a t i o n .  

The use  of an  LMFBR 2s t h e  I:rall.sii~titratioil d e v i c e  i s  t h e  most wide1.y 

s t u d i e d  a c i - h i d e  t r a n s m u t a t i o n  o p t i o n .  The f o l l o w i n g  s t a t e m e n t s  can b e  

made about  a c t i n i d e  t ransmutat i -on i-n LME’BRs: 

1. 

2. 

3 .  

4 . 

The a c t i n i d e  t r a n s m u t a t i o n  ra te  ranges  from 5 t o  11Z  pe r  f u l l -  

power y e a r ,  depending on t h e  a c t i n i d e  composi t ion and t h e  LMFBR 

des ign .  

A c t i n i d e  r e c y c l e  h a s  no significant impact  on t h e  f i s s i l e  

requi rements ,  b r e e d i n g  performance, o r  power peaking i n  t h e  

IAMFBR. 

LMFBRs produce s m a l  I.er arnoimts of t h e  pr i -nc ipa l  n e u t r o n - a c t i v e  
n u c l i d e s ,  p a r t i c u l a r l y  25ZCf 

A c t i n i d e  t r a n s m u t a t i o n  is f eas ib l e  i n  LMFBRs, s u b j e c t  t o  the 

a c c e p t a b i l i t y  of  t h e  P-T f u e l s .  

Based on t h e  a v a i l a b l e  informat ion ,  i t  would appear  that given  a c h o i c e  

between a n  e x i s t i n g  LMFBK and an Px1’stiiig PWR a s  a t r a n s m u t a t i o n  d e v i c e ,  

t h e  LMFBR bas a s i g n i f i c a n t  advantdge. However, t r a n s m u t a t i o n  could 

be r e a d i l y  implemented u s i n g  o n l y  thermal  r e a c t o r s ,  s u b j e c t  t o  t h e  

a v a i l a b i l i t y  of f i s s i l e  material. 



The u s e  of f u s i o n  r e a c t o r s  a s  t r a n s m u t a t i o n  d e v i c e s  h a s  a l s o  been 

e x t e n s i v e l y  s t u d i e d .  The  r e s u l t s  of r e c e n t ,  more s o p h i s t i c a t e d  c a l c u l a -  

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

i n  t h e  f u s i o n  r e a c t o r  b l a n k e t ,  t h e  t r a n s m u t a t i o n  rates w i l l  p robably  be 

about  t h e  s a m e  a s  t h o s e  i n  a n  LMFBR due t o  material r a d i a t i o n  damage and 

h e a t  t r a n s f e r  L i m i t a t i o n s .  

The use of a c c e l e r a t o r - d r i v e n  s p a l l a t i o n  n e u t r o n  t r a n s m u t a t i o n  

d e v i c e s  a p p e a r s  t o  b e  a n  ex t remely  i n e f f i c i e n t  method For producing 

i ieutrons i n  l i g h t  of t h e  energy  l o s t  i n  producing e l e c t r i c i t y  from h e a t  

and i n  c o n v e r t i n g  t h e  e l e c t r i c i t y  t o  high-energy charged p a r t i c l e s .  

Furthermore,  t h e s e  d e v i c e s  are  l i m i t e d  by  t h e  s a m e .  materials damage and 

h e a t  t r a n s f e r  c o n s i d e r a t i o n s  as d e s c r i b e d  f o r  LMFBRs. Thus i t  is l i k e l y  

t h a t  s p a l l a t i o n  r e a c t o r s  would be a t  a s u b s t a n t i a l  c o s t  d i s a d v a n t a g e  w i t h  

r e s p e c t  t o  LMFBRs and LWRs w i t h  no o v e r r i d i n g  b e n e f i t s  t o  compensate f o r  

t h i s  I 

Nuclear  e x p l o s i v e s  have a l s o  been proposed as a means f o r  transmuta- 

t i o n .  However, t h e  l a r g e  number of e x p l o s i o n s  r e q u i r e d ,  t h e  expec ted  

n e g a t i v e  s o c i a l  and p o l i t i c a l  r e a c t i o n ,  t h e  i r r e t r i e v a b l e  entombment of 

t h e  r e s i d u a l s  a t  t h e  c x p l o s i o n  s i t e ,  and t r e a t y  r e s t r i c t i o n s  on t h e  u s e  

of n u c l e a r  e x p l o s i v e s  t h a t  may b e  involved  i n  t h e  f u t u r e  make t h i s  o p t i o n  

v e r y  u n a t t r a c t i v e .  

The p a r t i c u l a r  d e v i c e  s e l e c t e d  €or  t r a n s m u t a t i o n  h a s  l i t t l e  impact 

on the  c o s t s ,  r i s k s ,  and b e n e f i t s  of a c t i n i d e  P-T because (1)  t h e  e f f e c t  

of t h e  a c t i n i d e s  on t h e  t r a n s m u t a t i o n  d e v i c e  i s  almost  n e g l i g i b l e ,  and 

( 2 )  t h e  a c t i n i d e  t r a n s m u t a t i o n  rate has o n l y  a small e f f e c t  on t h e  

o p e r a t i o n s  a c c o u n t i n g  f o r  t h e  c o s t s ,  r i s k s ,  and b e n e f i t s  ( e . g . ,  FRP, 

FFY, WTFs, r e p o s i t o r y ) .  Thus t h e  i n c e n t i v e s  f o r  a c t i n i d e  P-T are 

n e a r l y  independent  of t h e  t r a n s m u t a t i o n  d e v i c e  c o n s i d e r e d .  



1 . 2 . 3  Other  impacts  of  P-T ______ 

P a r t i t i o n i n g - t r a n s m u t a t i o n  h a s  fouz o t h e r  impacts  t h a t  (10 n o t  f a l l  

w i t h i n  eithr-.z t h e  p a r t i t i o n i n g  o r  t r ansmuta t iun  areas.  These  involve :  

1. t h e  des ign  of casks  f o r  s h i p p i n g  f r e s h  and ~ p e n . t  f u e l s ,  

3. Llir-. d i spos i t i o i r  of  f u e l  and/or  wacte prodwed  beEozr t h e  

implemzntat ion of  p a r t l t j o n i n g ,  and 

4. r e l a t i o n s h i p  of t h i s  concept  t o  c u r r e n t  U.S. n u c l e a r  p o l i c y .  

1 . 2 . 3 - J .  Transpo-rt:ation i rn i>ac t . s  A .............. 'The drsi .gn of  a shippi-ng cask  f o r  

bo th  f r e s h  and spent :  fue1.s i s  marked!~y di.fFeircwt: € r n m  t h a t  f o i -  o r d i n a r y  

MOX f u e l s  becsuse o f  t h e  very high. n e u t r o n  activity of che 

C F  present in P-T f u e l s .  A s h i p p i n g  cask  t h a t  appea r s  t o  meet a l l  
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a p p l i c a b l e  requi re rnec ts  was c o n c e p t u a l l y  d e s i g n e d  3s A p a r t  of the ORNL 

P-?' program. I n  c o n t r a s t  t o  o r d i n a r y  c a s k s ,  which are t y p i c a l l y  f a b r i c a t e d  

o f  l e a d ,  s t e e l ,  o r  uranium, t h e  P-T c a s k  would c o n t a i n  major amounts of 

boron  carbi.de,  copper ,  and l i . t h i u m  hydr ide ;  s t a i n 1 . e ~ ~  stc:lel would be used 

For s t r u c t u r a l  i n t e g r i t y .  T h e s e  unconvent iona l  m a t e r i a l s  are necessa ry  

t o  reduce !:tit. extleriii. dosp r a t e  from neu t rons  t o  a c c e p t a b l e  l e v e l s  w h i l e  

ma in ta in ing  the acr idenir  resj staaiicie r e q u i r e d  of t he  casks.  L 4 ~ ~ o t h e r  

inyortariir aspect: cjf t he  cask  i s  t h a t  i t s  payload i s  o n l y  two- th i rds  of 

t h a t  f o r  e x i s t i n g  s p e n t  f u e l  ca sks  because  o f  wei.ghi and s i z e  1 . i n i ~ a t i o n s .  

2 4 2 ,  2 4 4 C m  and 

1 . 2 . 3 . 2  F a b r i c a t i o n  - impacts .  The presence of the n e u t r o n  emi-tters 

i n  the P--T f u e l s  a l s o  a f f e c t s  t h e  d e s i g n  phi losophy of t h e  MOX FFP. I n  

t h e  r e f e r e n c e  case, i t  i s  assumed ~ l m t  t h e  f u e l  w i l l  be  fabricated rem-otely 

b u t  t h a t  the E'FP can b e  s u f f i c i e n t l y  decontaminated t o  be  col i tact-malntained 

In  t h e  P--T c a s e ,  on t h e  other 'nand, MOX f u e l  i s  c o n s i d e r a b l y  111ox-e r ad io -  

a c t i v e  and i n c r e a s e d  s h i e l d i n g  t h i c k n e s s  must be  provided  i n  t h e  FFP; i n  

a d d i t i o n ,  s u f f  i.ci en t  decorilraininati.on t o  pe rmi t  contact maintenance does 

riot a p p e a r  t o  be p o s s i b l e .  Thus t h e  P-T MOX FFP i s  assumed t o  be  bo th  

remote ly  ope ra t ed  and remotel-y mai.nta:i.nt?d. Thi.s l e n d s  t o  a s u b s t a n t i a l  

c o s t  p e n a l t y  ( s e e  Sec t .  1. .2 .4 .1)  i n  the f a b r i c a t i o n  process and  add i t l i ona l  
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f e a s i b i l i t y  q u e s t i o n s  si.nct? a f a c i l i t y  of t h i s  t y p e  h a s  never  becin bui.1.t 

or o p e r a t e d .  

A second p o s s i b l e  impact c.f P-'r on Eabri.cattorr r e s u l t s  from t h e  

i n c r e a s e d  c o n c e n t r a t i o n s  of neptunium, americium, and cu-rium :l.n t:he 

f u e l .  T h e  e f f e c t  of t h i s  i n c r e a s e  i s  t o  c a l l  i n t o  questi .on the s u i - t -  

a b i l i t y  of the f u e l s  w i t h  re:jI>ect t o  t .heir  i r r a d i a t i o n  b e h a v i o r  ( c r a c k i n g ,  

snel.lfng, etc.) and t h e i r  i n t e r a c t i o n  w i t h  t h e  c l a d d i n g .  This  wi:L:1 

p robably  n o t  h e  a problem i n  t h e  r e c y c l e  modes where t h e s e  act-i.i-i.i.des are 

r e l a t i v e l y  d i l u t e  i n  e i t h e r  a l l  of t h e  f u e l  or i n  t h e  PIOX f u e l ;  IimrJever, 

i.f t a r g e t  r o d s  o r  assemblies w i t h  t1iei.r h i g h e r  a c t i n i d e  concent ra tTons  

are used ,  s i g n i f i c a n t  e f f e c t s  may o c c u r .  

tins _I-- i n v e n t o r i e s .  The p o s s i b l e  f u t u r e  

i.mplementa t:%on of P-T raises t h e  q u e s t i o n  of t h e  d i s p o s i t i o n  of s p e n t  

f u e l  and/or  waste d u r i n g  the i n t e r v a l  p r i o r  t o  implementat ion.  L f  t oo  

much of t h i s  m a t e r i a l  i s  coriimitted t:o a rc?posi tory,  the overall. e f f e c t  

o f  P-T w i l l  be s m a l l  because  of t h e  l a r g e  amounts of a c t i n i d e s  a l r e a d y  

i n  t h e  r e p o s i t o r y .  On t h e  o t h e r  hand, h o l d i n g  t h i s  mater ia l  on the 

s u r f a c e  i s  b o t h  more expens ive  and more r i s k y .  The d e c i s i v e  argument 

h e r e  would a p p e a r  t o  b e  t h a t ,  s i n c e  t h e  a c t h i d e s  are shown t o  have a 

vtxy small impact 011 t h e  r i s k  from the r e p o s i t o r y  i n  i i i r js t  cases, the 

qnant:ity committed t o  a r e p o s i t o r y  is n o t  , important from a r a d i o l o g i c a l  

r i s k  s t a n d p o i n t .  

1.2 .3 .4  ____ P o l i c y  i m p l i c a t i o n s .  A s  i s  probably  evident . ,  t h e  implemen- 

t a t i o n  of F-T would c o n f l i c t  w i t h  c u r r e n t  U.S, p o l i c y  concern ing  n u c l e a r  

power. S p e c i f i c a l l y ,  t h e  implementat ion of P-T would r e q u i r e  t h a t  s p e n t  

f u e l  b e  r e p r o c e s s e d  and that a l l  a c t i n i d e s ,  i n c l u d i n g  plutoniiim, Be 

r e c y c l e d .  I n  f a c t ,  P-T r e q u i r e s  c o n s i d e r a b l y  more p r o c e s s i n g  and itcti- 

II i d e  r e c y c l e  t h a n  a s t a n d a r d  uranium-plutonium fue l  cyc1.e. (Curren t  

p o l i c y ,  of c o u r s e ,  s ta tes  t h a t  b o t h  r e p r o c c s s i n g  and t h e  recyc l t l  o f  

p lutonium have been i n d e f i n i t e l y  d e f e r r e d . )  

A second p o l i c y  c o n f l i c t  would occur  i f  LMFBRs w e r e  t o  b e  selected 

as t h e  t r a n s m u t a t i o n  d e v i c e s  s i n c e  t h e  use of these r e a c t o r s  has a l s o  

been d e f e r r e d .  It  i s  impor tan t  t o  r e c o g n i z e  t h a t  implementat ion of  P-'C 

would e v e n t u a l l y  r e q u i r e  t h e  u s e  of  LMFBRs as t r a n s m u t a t i o n  devices 
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because 01 Long-term l i m i t a t i o n s  i o  r h e  supply  of f i s s i l e  materials f o r  

thermal r e a c t o r s .  

1.2.4 A n a l y s i s  of t h e  i n c e n t i v e s  ..._ I I _ _ _ ~ ~  f o r  P-T .- 

1 . 2 . 4 . 1  Cos ts ,  r i s k s ,  ..._ and b e n e f i t s  of P-T. The c o s t s  of P-T are 

taken t o  be t h e  i n c r e a s e  i n  t h e  c o s t  of n u c l e a r  e l e c t r i c i t y  t h a t  would 

r e s u l t  from lihe i.mpl-ernentation of F-'i'. The r i s k s  of P-T are  [:he i n c r e a s e s  

i n  s h o r t - t e r m  (contemporary) r a d i o l o g i c a l  and noriradi.ologica1 r i s k s  t o  

t h e  p u b l i c  r e s u l t i n g  from t h e  a d d i t i o n a l  p r o c e s s i n g  s t e p s  r e q u i r e d ,  t h e  

i n c r e a s e d  amounts of t o x i c  a c t i n i d e s  i n  t h e  f u e l  c y c l e ,  and t h e  l a r g e r  

numbers of f r e s h  and spc'nlc f u e l  shipments  r e q u i r e d .  T h e  b e n e f i t  of P-T 

i s  d e r i v e d  from t h e  r e d u c t i o n  i n  long-term r i s k  irom the  repos i . to ry  t h a t  

coiiirains a c t i n i d e - d e p l e t e d  wastes. 

Cos ts .  The incremental  c o s t  of implementing P-T i s  e s t i m a t e d  t o  be 

l . 2 8  mi l l s /kWhr(e) .  T h i s  c o s t  i s  a t t r i b u t e d  t o  v a r i o u s  f u e l  c y c l e  

f u n c t i o n s  as. f o l l o w s :  r e p r o c e s s i n g  WI'F, 0.50 mil l /kWhr(c)  (39%);  MOX 

Luel f a b r i c a t i o n  WTF, 0.30 mill /kWhr(e) ( 2 3 % )  ; P-'Y MOX f u e l  f a b r i c a t i o n  

p e n a l t y ,  0.30 m i l l  /kWhr(e> (23%) : t r a n s p o r t a t i o n ,  0.1 6 rnil l /kWhr(e) (13%) ; 

waste managerrim t , 0.01 m i l l  /kWhr ( e )  (1%) ; and f i s s i l e  c a r r y i n g  c h a r g e s ,  

3.01 mil l /kWhr(e)  (1%). 

The two WTFs arc  t h e  p r i n c i p a l  p a r t i t i o n i n g  f a c i l i t i e s  i n  t h e  P-'7 

f u e l  c y c l e .  'The MOX f a b r i c a t i o n  p e n a l t y  r e s u l t s  Erom t h e  i n c r e a s e d  

s h i e l d i n g  t h i - c h e s s  and t h e  remote iuaintenance requi rements  e The 

incrementa l  transpor1:at:i.m and waste  management c o s t s  are a t t r i b u t e d  

t o  t h e  I-arger waste volume and t h e  smal.ler c a p a c i t y  of t h e  c a s k  needed 

t o  c a r r y  t h e  f r e s h  and spen t  P-T f u e l .  The f i s s i l e  c o s t  arises from t h e  

i n t e r e s t  charges  on t h e  l a r g e r  amount of plutoni.urn i n  t h e  P-T c y c l e .  

The 1 . 2 8  m i l l s / k W h r - ( e )  c o s t  g iven  above i s  e q u i v a l e n t  t o  (1) $349 

p e r  kg 01 heavy metal charged t o  t h c  rckactor, (2)  2 .9% of t h e  average 

J978 p r i c e  of d e l i v e r e d  r t .s ident ia1 e l e c t r i c i t y ,  and (3)  $9 .2  m i l l i o n ,  

i n  1 9 7 9  d o l l a r s ,  p e r  GW(e)-year. 
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Kisks.  The i n c r e a s e  i n  s h o r t - t e r m  r i s k  t o  t h e  genera l  p u b l i c  

resu l . t ing  from t h e  implementrat:-i.ori o f  P-T is equiva len t .  t o  0 .57  h e a l t h -  

effect /GW(e)-year .  T b i s  f i g u r e  i s  comprised o f  ( I )  0.003 h e a l t h - e f f e c t /  

C;W(e)-year from i n c r e a s e s  i n  r n u t i n e  (cont inuous)  radiol.og:i.c:al releases 

d u e  t o  t h e  i n c r e a s e d  p r o c e s s i n g  and i n c r e a s e d  c o n c e n t r a t i o n s  of t o x i c  

act : inides;  and ( 2 )  0.57 healt:lrt-effect/(:W(f)-year due t o  ixicrr?ases i n  

n o n r a d i o l o g i c a l  r i s k s ,  princi.paI.1.y petroleum combustion prcidiicts f rom 

t h e  generat.ion of steam and h e a t  at- the WTFs  and from phys%c:tl damage 

d u r i n g  t r a n s p o r t a t i o n .  As a ha5ji.s of comparison, n a t u r a l  baclcgro~ind 

causes  about  1 . 0  health-effect/CW(e)-year. 

B e n e f i t s .  The b e n e f i t  of P-T i s  t aken  t o  be  the  rc?duct:lon in the 

e:xpec.ted long-term dose  from t h e  geologic  rcrpository , which is assumed i n  

t h i s  a n a l y s i s  t o  b e  l o c a t e d  i n  bedded s a l t  at t h e  s i te  nE tbe Waste I s o l a -  

t i o n  P i l o t  P l a n t  (WIPP). The measure of t h e  long-term r i s k  used i n  t.1i:i.s 

s t u d y  is  t h e  number of h e a l t h  e f f ec t s  expec ted  from t h e  r e p o s i t o r y  over 

1 m i l l i o n  y e a r s  p e r  u n i t  of e l ec t r i ca l  c a p a c i t y  represexitc31 by the 

7000 GW(e)-year of w a s t e  i n  t h e  r e p o s i t o r y .  

5.1.0 have been determined f o r  t:he r e f e r e n c e  and P-T cases, respec t ive ly ;  

t h u s  t h e  Y-T case g i v e s  a b e n e f i t  of 0.06 health-effect/GW(e)-yenr.  The 

f i r s t  two v a l u e s  are each about  0.08% of  t h e  h e a l t h  e f f e c t s  due  t o  

n a t u r a l  background. The b e n e f i t ,  which o n l y  amounts t o  about  0 001% 

of t h e  e f f e c t s  of n a t u r a l  background r a d h t  ion,  i s  p r i n c i p a l l y  d e r i v e d  

from t h e  r e d u c t i o n  i n  t h e  amount of 22sRa p r e c u r s o r s  i n  t h e  r e p o s i t o r y .  

It i s  s m a l l  because t h e  n u c l i d e s  t h a t  c o n t r o l  t h e  expec ted  r i s k  from t h e  

r e p o s i t o r y  are 99Tc arid 1291:, w h i c h  c o n s t i . t u t e  92% and 8% of t h e  i n t e g r a t e d  

1-mil l ion-year  r i s k  r e s p e c t i v e l y .  The b e n e f i t  i n c l u d e s  c o n t r i b u t i o n s  f r o m  

a slow-leach i n c i d e n t ,  a volcano  growing through t h e  r e p o s i t o r y ,  and t h e  

impact o f  a v e r y  l a r g e  m e t e o r i t e .  I t  s h o u l d  be  noted t h a t  t h e  l a t t e r  two 

e v e n t s  account  f o r  the s m a 1 . l  c o n t r i b u t i o n  of t h e  actinli-des t o  t h e  t o t a l  

r e p o s i t o r y  r i s k .  This  c o n t r i b u t i o n  is  smal:l because  t h e  p r o b a b i l i t y  of 

e i t h e r  t h e  volcano o r  t h e  m e t e o r i t e  impact is s m a l l  (about  once e v e r y  

100 b i l l i o n  y e a r s ) .  I n  t h e  more probable  l e a c h  i n c i d e n t  (about  once 

e v e r y  7 m i l l i o n  years) ,  t h e  a c t i n i d e s  are r e t a r d e d  d u r i n g  t h e i r  m i g r a t i o n  

through t h e  geosphere t o  such an  e x t e n t  t h a t  they  do n o t  emerge i.nto t h e  

b i o s p h e r e  i n  s i g n i f i c a n t  q u a n t i t i e s  w i t h i n  a m i l l i o n  years. 

R i s k  v a l u e s  of 5 , 1 6  and 



26 

Siimmarj. ~ ........._ .. Table 1 . 2  g i v e s  a su[nlirary of the c o s t s ,  r i .sks ,  and b e n e f i t s  

of P-T, expressed  on a GW(e)-year b a s i s .  A d d i t i o n a l l y ,  t h e  r i s k  v a l u e s  

i n  terms o f  iical.th c f f c c t s  have been converlietl i o  person-reru by u s i n g  P 

-4 convers ion  f a c t o r  of 2 x io healtii-effect/per.f;oci-rem. 

1.2.4.2 Inceniii.ves €ow ac t  inj .de P-T, On:: method used i n  t h i s  s t u d y  I___._.......____._.... l___ll___ 

t o  de te rmine  whether t h e r e  are  any i n c e n t i v e s  f o r  implementing a c t i n i d e  

P-T i s  t o  calcul-ate t h e  cos t  of reducing  t h e  expected long-term r i s k  by 

1 person-rem and compare ri.t t o  the $IOOO/person-rem c r i t e r i o n  t h a t  h a s  

been p r e s c r i b e d  f o r  u s e  i n  de te rmining  whether a d d i t i o n a l  e f f l u e n t  c o n t r o l  

systems on reac tor  p l a n t s  are j u ~ t 3 . f : i . a d . ~  

m e e t  t h i s  c r i t e r i o n ,  t h e r e  a r e  presumably a l t e r r i a t i v e  inves tments  Evr the 

money t h a t  would save  mre  l ives  thari P-T and, hence, no j u s t i - F i c a t i o n  

fo r  i.ni~~Lerneriting €'-'I. 

If the cos t  o f  P-T does not  

From TabLe l . 2 ,  i e  i s  e v i d e n t  that  t h e  costlperson-rem f i g u r e  can 

be genera ted  i n  more t h a n  one way, p r i n c i p a l l y  due t o  t h e  treati i ient o i  

t h e  shor t - te rm r i s k  v a l u e s  e Three v a 1 - 1 ~ ~  were developed f o r  t h e  purposes  

of  t h i s  a n a l y s i s .  The f i r s t  i s  t h e  c o s t  of reducing  t h e  expected long- 

term r i s k  i r r e s p e c t i v e  of  t h e  s h o r ~ - t e r i i l  r i s k ,  which i s  $ 9 , 2 0 0 , 0 0 0 / 3 0 0  

person-rem, o r  $31,000/person-rem. The second v a l u e ,  which i s  based on 

t h e  n e t ,  r a d i o l o g i c a l  r i s k  r e d u c t i o n ,  i s  found by s u b t r a c t i n g  t h e  s h o r t -  

t e r m  r i s k  from t h e  I.ong-term r i s k ,  t h a t  i s ,  $4,200,000/(300 -' 1-61 person- 

r e m  = $32,400/person-rem. The f i n a l  v a l u e  is based on t h e  o v e r a l l  r i s k  

reduc-t.i.on, i n c l u d i n g  t be  shor t - te rm,  n o n r a d i o l o g i c a l  r i s k s ,  which h a w  

been converted t o  e q u i v a l e n t  radioI.ogi.ca1 u n i t s  f o r  t h e  purposes  of t h i s  

a n a l y s i s  u s i n g  a convers ion  f a c t o r  of 5000 person-remlhealth-effect. 

T h i s  v a l i x  i s  $9 ,200 ,000 / (300  - 2850), o r  -$3600/person-rem. 'The f a c t  

t h a t  i t  is  n e g a t i v e  should b e  i n t e r p r e t e d  t o  mean t h a t  t h e  shor t - te rm 

r i s k s  o f  P-T exceed the long-term b e n e f i t s  and ~ i i i a t  we must pay $3600 t o  

i n c r e a s e  the o v e r a l l  r : isk by 1 person-rem. Even :i.E a nuclear  p l an t  w e r e  

used t o  g e n e r a t e  t h e  p r o c e s s  h e a t  f o r  t h e  p a r t i t i o n i n g  f a c i l i t i e s ,  t h i s  

v a l u e  wou1.d s t i l l  b e  n e g a t i v e  because of  the t r a n s p o r t a t i - o n  a c c i d e n t s .  

I n  summary, a l l  t h r e e  of t h e  measures f a i l  b y  a wide margin t o  m e e t  

t h e  $lOOO/person-rem c r i t e r i o n  t l m ~  would  j u s t i  f y  t h e i i  u s e ;  thus there  

are  no a p p a r e n t  i n c e n t i v e s  f o r  implementing P-T. The j u s t i f i c a t i o n  f o r  
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Table 1 . 2 ,  Summary of t h e  c o s t s ,  r i s k s ,  'ind 
b e n e f i t s  of P-T per (JW(c)-year 

l.__l_l._._- ... ... 
ReEerence case P-T case Iiic r erne n t aS 

Costs  __- 

181.9 1 9 1 . 1  9 . 2  6 F u e l  cyc le  c o s t s ,  $SO 

Short-Term Risk 

RadioLcgical  dose,  
person-rem 

a Total r i s k ,  
p e r  son-rem 

Na tu ra l  background, 
person- r e m  
( f o r  comparison) 

4 20 1 6  

1700 4550 2850 

5000 5000 0 

Long-Term Benefi.t 

R a d i o l o g i c a l  dose,  25,800 25 500 300 
b per s o n-r em 

0 6 Natural  background, 33.5 x lo6  33.5 x 10 
person-rem b 

( f o r  comparison) 

a Inc ludes  rionradiological r i s k s  expressed as equ iva len t  r a d i o l o g i c a l  
impact us ing  a conve'rs:i.on f a c t o r  of 5000 person-rem/health e f f e c t .  

bExpected dose i n t e g r a t e d  over  1 million y e a r s .  
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r e j e c t i n g  r a d i o l o g i c a l  p r o t e r t i o n  o p t i o n s  on t h i s  b a s i s  i s  suppor ted  by 

t h e  1 9 7 2  B E I R  r e p o r t :  IO 

The p u b l i c  must b e  p r o t e c t e d  from r a d i a t i o n  b u t  n o t  t o  t h e  
e x t e n t  t h a t  t h e  degree  of p r o t e c t i o n  provi-drd r e s u l t s  i n  t h e  
s u b s t i t u t i o n  of a worse hazard  f o r  the r a d i a t i o n  avoided ,  
A d d i t i o n a l l y ,  t h e r e  should  n o t  be a t tempted  t:he r e d u c t i o n  o f  
s m a l l  r i s k s  eveti f u r t h e r  a t  t h e  c o s t  015 l a r g e  sums of money 
t h a t  s p e n t  ot:’rit?rwi.se would c l e a r l y  produce a g r e a t e r  benefi- t  

1.2.4.3 S e n s l t  ~ ........... i v i t L a n a l y s i s .  Many q u e s t i o n s  w i l l  p robably  b e  asked 

concerning t he  c o n c l u s i o n  t h a t  t h e r e  are no i n c e n t i v e s  f o r  implementing 

a c t i n i d e  P-T- A l o g i c a l  one i s :  Row s e n s i t i v e  i s  t h i s  conclus ion  to  the 

assumptions and u n c c r t : a i a t i e s  i n  t h e  a n a l y s i s ?  The u n c e r t a i n t i e s  i n  t h e  

c o s t  ana1.ysi.s and t h e  shor t - te rm r i s k  a n a l y s i s  are e s t i m a t e d  t o  b e  about  

a f a c t o r  o f  2 i n  each c a s e .  The u n c e r t a i n t y  i n   he c o s t  a n a l y s i s  r e p r e -  

s e n t s  t h e  p o s s i b l e  error i n  c o s t  e s t i m a t i o n  s n d  p o s s i b l e  p a r L i t i o n i n g  

improvemmts.  T h e  u n c e r t a i n t y  i n  the shor t - te rm r i s k ,  which i s  s m a l l  

r e l a t i v e  t o  most r i s k  a n a l y s e s ,  r e s u l t s  from u n c e r t a i n t i e s  i n  t h e  impact 

models used i n  t h e  anal .ysis .  The u n c e r t a i n t i e s  a r e  smaller h e r e  t h a n  i n  

most r i s k  s t u d i e s  because t h e  r o u t i n e  e f f l u e n t s ,  which have a p r o b a b i l i t y  

o f  1.0 by d e f i n i t i o n ,  are t h e  major c o n t r i b u t o r s  t o  t h e  r i s k .  By u s i n g  

t h e s e  maximum u n c e r t a i n t i e s  i n  a rnatmer m o s t  f a v o r a b l e  t o  P-T, one can 

c a l c u l a t e  t h a t  t h e  expec ted  long-term b e n e f i t  of a c t i n i d e  P-T must b e  

about  4600 person-rem t o  a t t a i n  t h e  $lOOO/person-rem v a l u e ,  about  a 

f a c t o r  of 1 5  l a r g e r  t h a n  t h e  c a l c u l a t e d  v a l u e  of  300 person-rem/GW(e)- 

y e a r .  The q u e s t i o n  i s  now reduced t o  c o n s i d e r i n g  the  u n c e r t a i n t y  o f  the 

long-term r i s k  a n a l y s i s .  

The long-term r i s k  analvsis t h a t  r e s u l t e d  i o  t h e  b e n e f i t  of 

300 person-rem/GW(e)-year has  a number of l a r g e ,  known conservatisi l is  

b u i l t  i n t o  i t .  P r i n c i p a l  among tirese are:  (1) t h e  t i n i r  h o r i z o n  i s  

e x t r e a e l y  long ,  t h a t  i s ,  I m i l l i o n  y e a r s ;  ( 2 )  t h e  release f r a c t  i o n s  

from L ~ I c ~  volcano and m e t e o r i t e ,  which are a f a c t o r  o f  10 t o  1 5  g r e a t e r  

ihan t h e  g e n e r i c  environmental  impact s t a t e m e n t  (GEIS)  v a l u e  f o r  a 

meteorite," d i r e c t l y  a f f e c t  t h e  long-term b e n e f i t s ;  ( 3 )  t h e  n u c l i d e s  

t h a t  are r e l e a s e d  arc n o t  a l lowed t o  b e  removed from t h e  zones surround-  

i n g  t h e  r e p o s i t o r y  by w i n d ,  r iver f l o w ,  etr,; ( 4 )  t h e  p o p d a t i o n  i s  
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assumed t o  remain i n  p l a c e  both  d u r i n g  and a f t e r  t h e  volcano  arid m e t e o r i t e  

e v e n t s ;  and ( 5 )  a c o n s e r v a t i v e  (small.) r e t a r d a t i o n  f a c t o r  i s  used f o r  

237Np,  t h e  a c t i n i d e  most l i k e l y  t o  emerge f i r s t  i n t o  t h e  b i o s p h e r e  fol low- 

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

f a v o r  t h e  implementati.on of P-T more than t h e  a c t u a l  v a l u e s  would, This  

approach w a s  used because  i.t was an  e x p e d i t i o u s  way t o  examhe the incen-  

t i v e s  f o r  implementing P-T. The vaLues used should  n o t  be cons t rued  as 

b e i n g  a p p r o p r i a t e  f o r  o t h e r  s t u d i e s  of t h e  same area o r  f o r  s t u d i e s  of 

c j  t h e s  areas 

I t  must b e  p o i n t e d  o u t ,  however, t h a t  t h e r e  are o t h e r  p r i n c i p a l  

parameters  i n  which changes might s i g n i f i c a n t l y  i n c r e a s e  t h e  b e n e f i t s  of 

P-T. F i r s t ,  changes i n  e i t h e r  t h e  p r o b a b i l i t y  o r  t h e  release f r a c t i o n  

from t h e  volcano o r  m e t e o r i t e ,  which are responsibl-e  f o r  t h e  c a l c u l a t e d  

b e n e f i t s  o f  P-T, would d i r e c t l y  a f f e c t  t h e  magnitude of  the b m e f i t .  As 

noted above, the release f r a c t i o n  is thought: t o  he c o n s e r v a t i v e  by a 

f a c t o r  o€ 10 t o  15. The p r o b a b i l i t i e s  of t h e s e  e v e n t s  are approximately 

t h e  same as t h o s e  used i n  t h e  CElS'' f o r  t h e  m e t e o r i t e .  

o€  parameters t h a t  might i n c r e a s e  t h e  c a l c u l a t e d  b e n e f i t s  of P-T i s  

r e l a t e d  t o  t h e  l e a c h  i n c i d e n t .  The 300 person-rem/GW(e) 1wnc:Pi.t from 

a c t i n i d e  P-T does n o t  i n c l u d e  any c o n t r i b u t i o n  from t h e  l e a c h  i n c i d e n t  

s i n c e  t h e  a c t i n i d e s  are r e t a r d e d  t o  such an e x t e n t  t h a t  they  do n o t  emerge 

i n t o  t h e  b i o s p h e r e  i n  s i g n i f i c a n t  amounts w i t h i n  1 m i l l i o n  y e a r s .  However, 

by a l l o w i n g  changes i n  one o r  more of t h e  l e a c h  parameters ,  t h e  m i g r a t i o n  

r a t e  of t h e  a c t i n i d e s  can be a c c e l e r a t e d  t o  t h e  p o i n t  t h a t  t h e y  do emerge 

and c o n t r i b u t e  t o  t h e  c a l c u l a t e d  l e a c h  i n c i d e n t  consequences e Based on 

t h e  s e n s i t i v i t y  a n a l y s e s  conducted f o r  t h i s  program and on t h e  cons t l rva t ive  

niltlure of t h e  a c t i n i d e  r e t a r d a t i o n  parameters  mentioned abovt-, t h e  o n l y  

pararneLer t h a t  could accomplish t h i s  i s  an  i n c r e a s e  i n  t h e  water m i g r a t i o n  

v e l o c i t y  through t h e  geosphere.  A c o n s i d e r a b l e  i n c r e a s e  in t h i s  v a l u e  i s  

r e q u i r e d  b e f o r e  any changes i n  t h e  b e n e f i t s  would b e  observed,  b u t  t h e r e -  

a f t e r  t h e  b e n e f i t s  would i n c r e a s e  l i n e a r l y  w i t h  parameter i n c r e a s e s .  

( T h a t  i s ,  t h e r e  is a t h r e s h o l d  b e l o w  which the l e a c h  i n c i d e n t  - is  i n s i g -  

n i f i c a n t . )  The water  v e l o c i t y  assumed f o r  t h i s  a n a l y s i s  is 1.46 m/year.  

Measurements made i n  t h e  area of t h e  NIPP s i t e  i n d i c a t e  t h a t  the v e l o c i t i e s  

A second class 



range from e s s e n t i a l l y  ze ro  t C J  a maximum of 4 - 6  m/year.  I n c r e a s i n g  t h e  

water v e l o c i t y  t o  4 . 6  m/yenr would b e  expec ted  t o  i n c r e a s e  t h e  bene f i t - s  

of  P-T by a f a c t o r  of 1.0 o r  less. However, a compensating f a c t o r  i s  t h a t  

t h e  p r o b a b i l i t y  of a l e a c h  i n c i d e n t  used i n  the  a n a l y s i s  i s  c o n s e r v a t i v e  

( i . e . ,  h igh )  by a f a c t o r  of about  1 m i l l i o n  based on comparison w i t h  t h e  

GETS va lue .  T h i s  means t h a t  t h e  l e a c h  i n c i d e n t  consequences are  h igh  

by about  t h e  saxe f a c t o r .  Thus t h e  known c o n s e r v a t i s m  i n  t h e  l e a c h  

i n c i d e n t  c a l c u l a t i o n  would compensate f o r  any p o s s i b l e  u n c e r t a i n t i e s  and 

uriknown nonconservat isms i n  the ana1ysi.s .  I n c r e a s i n g  c)r d e c r e a s i n g  t h e  

l e a c h  ra te  o r  s u r f a c e  area of  t h e  waste form h a s  l i t t l e  e f f e c t  on t h e  

l e a c h  i n c i d e n t  r i . sk  u n l e s s  t h e  waste form ma in ta ins  i t s  i n t e g r i t y  and 

t h e  l each  r a t e  i s  less than  about  10 g c m  day . 
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1.2.4.4 Lncent ives  f o r  technet ium _ _ ~ _ .  and . . . . . . . i o d i n e  . . P-T. . . . . .- .. Using t h e  con- - .. . . . . . . .. . . . . . . . .. ._ 

s e r v a t i v e  assumptions d e s c r i b e d  p r e v i o u s l y ,  t h e  b e n e f l t s  of technet ium 

and i o d i n e  T - T  are found t o  be  about  100 t i m e s  t h a t  of  a c t i n i d e  P-T, o r  

about  30,000 person-rem/GW(e)-year. I n  a d d i t i o n ,  t h e  c o s t s  and shor t - t e rm 

r i s k s  of p a r t i t i o n i n g  are  probably much smaller s i n c e  most of t h e s e  ele- 

ments occur  on ly  i n  a few s p e c i f i c  l o c a t i o n s  i n  t h e  f u e l  c y c l e  (HI,T,W and 

disso.l .ver sol.i.ds f o r  t h e  technet ium and t h e  dissolve:: o f f -gas  f o r  t h e  

i o d i n e ) .  The re fo re ,  we would expect t l i r  c o s t - r i s k / h e n e f i t  v a l u e  f o r  

technet ium and i o d i n e  P-T t o  be  less than  the  $lOOO/person-rem c r i t e r i o n  

if c o n s e r v a t i v e  assumptions are used i n  t h e  long-term r i s k  a n a l y s i s .  Th-is 

would i n d i c a t e  t h a t ,  under  ilhe- ve ry  c o n s e r v a t i v e  condi t i -ons  .......... ___-. used i n  t h 2  

long-term r i s k  . . . . a n a l y s i s ,  . .. t h e r e  are  i n c e n t i v e s  f o r  technet ium P-T; i . E  

iodi-ne t r a n s m u t a t i o n  i s  f e a s i b l e ,  t h e r e  are a l s o  i n c e n t i v e s  f o r  i o d i n e  

P-T. T h i s  conc lus ion  i s  a d i r e c t  resu1.t of t h e  c o n s e r v a t i v e  v a l u e  used 

for  t h e  l e a c h  i n c i d e n t  p r o b a b i l i t y  ( i . e . ,  a f a c t o r  of  l m i l l i o n  g r e a t e r  

than  t h a t  i n  t h e  GE1SI-I.). E v e n  i.E t h e  p r o b a b i l i t y  were reduced by on ly  a 

f a c t o r  of 100, t h e  incen t i -ves  f o r  bo th  technet ium and i o d i n e  P-T would 

probably be e l i m i n a t e d .  
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I t  is e s t i m a t e d  tliat t h i s  RU&D would t a k e  a b o u t  15 y e a r s  and that: t h e  

first p a r t i t i o n i n g  faci.l.ities s h o u l d  be  on- l.rErie i n  215 y e a r s  ~ assuming chat 

the program i s  wel l - suppor ted  arid no licensi 1.18 del-ays occur Thz 1. i rn i t i ng  

a s p e c t s  i n  t h i s  en t i r e  process are t l re  RD&D, des ign ,  ard consr ruc t ion  . f o r  

t h e  p a r t i t i o n i n g  f ac i l . i t i e s .  

T h e  estimated c o s t  o f  t.he IZL)&D, excluding t h e  costs o : E  t:he coormercial- 

s i z e d  p l a n t s  and KD&D conduct:e.d i.indcr the a u s p i c e s  of o t h e r  programs is 

abou t  $900 m i l l i o n  (1979 dol . l .ars) .  :illhe largest p o r t i o n  o f  t h i s  m o n e y  

would be desigfiated f o r  a hot. (radioactive) p i l o t  p l a n t  t o  t e s t  the 

i.nt:egrated p a r t i  t:ioning Plowsheet, 
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1 . 3  Conclusions 

1 .3 .1  F e a s i . b i l i t y  

The c o n c l u s i o n s  w i t h  r e s p e c t  t o  P-T f e a s i b i l i t y  are as fo l lows:  

1. The p a r t i t i o n i n g  of a c t i n i d e s  apppnrs  t o  be fcsasible  based on 

t h e  u s e  of c u r r e n t l y  i d e n t i f i e d  technology,  a l l  of which h a s  

been e x p e r i m e n t a l l y  v e r i l i e d  a t  t h e  l a b o r a t o r y  l e v e l  and much 

of which h a s  been v e r i f i e d  a t  t h e  h o t ,  p roduct ion-sca le  l e v e l .  

2 .  Although t h e  p a r t i t i o n i n g  of  technet ium h a s  n o t  been a d e q u a t e l y  

i n v e s t i g a t e d ,  t h e r e  is p r e s e n t l y  no r e a s o n  t o  b e l i e v e  t h a t  i t  i s  

n o t  feasib1.e.  

3 .  I o d i n e  p a r t i t i o n i n g  i s  f e a s i b l e  u s i n g  e x i s t i n g ,  demonstrated 

techno]-ogy . 
4 .  The t r a n s m u r a t i o n  of a c t i n i d e s  apppars  t o  b e  feasi .ble  i n  thermal ,  

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

c o n t a i n i n g  higher-than-normal c o n c e n t r a t i o n s  O E  neptunium, ameri- 

cium, and curium. 

5. The t r a n s m u t a t i o n  of technet ium a p p c a r s  t o  b e  f e a s i b l e ,  s u b j e c t  

t o  t h e  i d e n t i f i c a t i o n  O F  a n  a c c e p t a b l e  f u e l  form. 

6 .  The t r a n s m u t a t i o n  of i o d i n e  i s  m a r g i n a l l y  f e a s i b l e  a t  b e s t  

because of  low t r a n s m u t a t i o n  rates, t h e  v o l a t i l i t y  of i o d i n e  

compounds, t h e  product ion  of xenon gas  as a t r a n s m u t a t i o n  

product ,  and t h e  c o r r o s i v e n e s s  of i o d i n e  and i t s  compounds. 

7 .  The t r a n s p o r t a t i o n  of h i g h l y  n e u t r o n - a c t i v e  P-T f u e l s  a p p e a r s  

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

8. Implementation of P--T, as 3 whole,  i s  n o t  p o s s i b l e  s i n c e  c u r r e n t  

U .  S.  n u c l e a r  p o l i c y  d e f e r s  bo th  r e p r o c e s s i n g  and pl.utonium 

r e c y c l e .  



3 3  

1.3.2 I n c e n t i v e s -  

The c o n c l u s i o n s  concern ing  t h e  i-ncen t i v e s  f o r  P-T are as f o l l o w s  : 

1. The c o s t s  of  a c t i n i d e  p a r t i t i o n i n g  are r e l a t i v e l y  h i g h ,  

$9.2 mill ion/GW(e)-year,  because of t h e  v a r i e t y  of w a s t e s  

t h a t  must b e  p a r t i t i o n e d .  

2 e The shor t - te rm (contemporary) r i s k s  from E'-'J' are substari t ic31 

i f  the n o n r a d i o l o g i c a l  impacts  are taken  i n t o  account  amounting 

t o  0 . 5 I  health-ef~ect/CW(c)-year.  T h e  shor t - te rm r a d i o l o g i c a l  

r i s k s  are small, amounting t o  0.003 health-effect/GW(e)-year. 

3 .  T h e  Long-term b e n e f i t s  (i.e., r i s k  r e d u c t i o n )  of 1'-T, u s i n g  

v e r y  c o n s e r v a t i v e  assumpt ions ,  are s m a l l ,  amounting t o  r m l y  

0.06 health-effect/GW(e)-year, or about  0.001% of t h e  effects 

of n a t u r a l  background r a d i a t i o n .  

4 .  There are no i n c e n t i v e s  f o r  a c t i n i d e  P-T, even i f  very 

c o n s e r v a t i v e  assumLtLons are used-- i n  t h e  anCLy-s>?-= The c o s t  

o f  t h e  a c t i n i d e  P-T b e n e f i t s  is  $32,400/person-rem i f  t h e  

n o n r a d i o l o g i c a l  r i s k s  are i g n o r e d ;  i E  t h e  n o n r a d i o l o g i c a l  

r i s k s  are i n c l u d e d ,  t h e  s h o r t - t e r m  r i s k s  zzeeed t h e  long-term 

b e n e f i t s  i n t e g r a t e d  o v e r  1 m i l l i o n  y e a r s .  

5 .  I n c e n t i v e s  may ex i s t  for techrietiuui P-'T if v e r y  c o n s e r v a t i v e  

long-term r i s k  a n a l y s i s  assumptions c o n t i n u e  t o  be  used and 

i f  p a r t i t i o n i n g  p r o c e s s e s  can b e  developed. 

6 .  I n c e n t i v e s  may e x i s t  f o r  i o d i n e  P-T - i f  v e r y  c o n s e r v a t i v e  lung- 

t e r m  r i s k  a n a l y s i s  assumptions c o n t i n u e  t o  b e  used and a 

f e a s i b l e  method f o r  t ransmut ing  i o d i n e  can be i d e n t i f i e d .  

7.  S e n s i t i v i t y  a n a l y s e s  i n d i c a t e  t h a t  the  above c o n c l u s i o n s  

concern ing  t h e  i n c e n t i v e s  f o r  1'-T are v a l i d  f o r  a wide range  

o f  i n p u t  assumptions and parameters .  

8 .  T h e  i n c e n t i v e s  f o r  P-T are v i r t u a l l y  independent  of the 

t r a n s m u t a t i o n  d e v i c e  used.  Thus the e x i s t e n c e  of advanced 

d e v i c e s  would n o t  a l t e r  t h e  i n c e n t  i.ves. 
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I. 3 . 3  ..._ Research,  ..-..-.. ~ development ......... . ?....and demons_tration ____ r e G i r e d  __- 

RD&D requi rements  f o r  t h e  implementat ion of P-T are  as f o l . 1 . 0 ~ ~ :  

1. It i s  e s t i m a t e d  that  approximate ly  20 yezrs would be r e q u i r e d  

to b r i n g  t h e  f i 1st commercial-sized p a r t i t i o n i . n g  f a c i l i t :  i cs  

on - l ine ,  assuming a wel l - -supported ( b u t  n o t  c r a s h )  program and 

no l i c e n s i n g  d e l a y s .  

2 ,  Approximat<ll.y 15 y e a r s  o f  i n t e n s i v e  RD&D would be  r e q u i r e d  a t  

t h e  c o s t  of about  $900 m i l l i o n  (1973 d o l l a r s ) .  The p a r t i t i o n i n g  

KD&D r e q u i r e s  ;he m a j o r i t y  o€ t h e  monies and i s  t h e  l i m i t i n g  

aspec t  ( i f  t h e  schedu le .  

3 .  Because of t h e  l a c k  o f  i n c e n t i v e s  f o r  a c r i n i d e  P-T, a d d i t i o n a l  

RD&D in suppor t  oE P.-T i s  n o t  warranted u n l e s s  a d e c i s i o n  i s  

made t o  proceed w i t h  P-'1. 

1.3.4 Other  

Some of  t h e  p a r t i t i o n i n g  technology i d e n t i f i e d  i n  t h i s  program may 

find a p p l i c a t i o n  i n  t h e  c leanup of wastps and r e d u c t i o n  of w a s t e  volumes 

i n  normal fuel r y c l e s  i n v o l v i n g  plutonium r e c y c l e ,  Pr imary c a n d i d a t e s  

are t h e  c e r i c  n i t r a t c - - -n i t r l c  a r i d  l e a c h i n g  process  and t h e  2-EWOH 

p rocess  f o r  t r ea tmen t  of s o l v e n t  c leanup wastes .  
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2 .  PARTITIONING 

Par t i t i .on i .ng  i s  the enhanced s e p a r a t i o n  and r ecove ry  of long- l ived  

r a d i o a c t i v e  e lements  from n u c l e a r  w a s t e s .  The net result. of t h i s  p rocess  

i s  a w a s t e  pritdrict w i t h  a g r e a t l y  reduced c o n c e n t r a t i o n  of the  long- l ived  

e lements ;  t h u s ,  t h e  amounts o f  t h e s e  d e m e n t s  that might be r e l e a s e d  from 

a r e p o s i t o r y  i n  t h e  d i s t a n t  Eulrure are. reduced .  T h e  long- l ived  nucl.i.des 

of i n t e r e s t  a r e  p r i m a r i l y  the  a c t i n i d e s ,  because of t he i . r  r e l a t i v e l y  h i g h  

c o n c e n t r a t i o n s  and t o x i c i t y .  

and 1 ( h a l f - l i f e  = 1.5.3 m i l l i o n  y e a r s )  are a l s o  impor tan t  and wi1.l. be 

cons idered  b r i e f l y .  Other f i k s i o n  produc t s  are much smaller c o n t r i b u t o r s  

1 1 0  t h e  long-term wasre tox ic i l i y  and therefore are n o t  cons ide red .  

However, "Tc ( h a l f . - l i f e  --- 213,000 y e a r s )  
I29 ._ 

P a r t i t i o n i n g  i s  g e n e r a l l y  achieved  via t h e  a p p l i c a t i o n  of chemical  

and/or p h y s i c a l  p r o c e s s e s ,  such as l e a c h i n g ,  sol .vent  e x t r a c t i o n ,  and 

i o n  exchange, t o  rrhe waste streams c o n t a i n i n g  t h e  long-l i ved  n u c l i d e s .  

Thus, t h e  f i r s l :  cons ide rac ton  i s  t o  d e s c r i b e  t h e  wastes i n  which t h e  

I-ong-lived n u c l i d e s  arise and t h e  f a c i l i t i e s  g e n e r a t i n g  them. Then, 

based on t h e  expe r imen ta l  and a n a l y t i c a l  s t u d i e s  a v a i l a b l e  i n  the l i t e r a -  

t u r e  and those conducted as a p a r t  of the ORNL P-T p r o j e c t ,  

c ion ing  p rocesses  and flowsheets can  be i d e n t i f i e d .  The d e s c r i p t i o n  of 

t h e  wa.stes f a c t l i t i e s ,  and p a r t i t i - o n i n g  p rocesses  i s  c o a t a i n e d  i n  

S e c t .  2 . 1  f o r  a r e f e r e n c e  fuel. c y c l e  which has  no p r o v i s i o n s  f o r  P-T 

( s e e  S e c t .  1 . 1 . 3 ) .  A s i m i l a r  d e s c r i p t i o n  of a P-T c y c l e  i s  con-tat-ned i n  

S e c t .  2 . 2  a These d e s c r i p t i o n s  are f o r  a c t i n i d e  p a r t i t i o n i n g  o n l y  and 

are based on work d i scussed  i n  d e t a i l  i n  re fs .  1 and 2 .  

p a r t i -  1 9 2  

A s  noted a'oove, t h e r e  are two long-1 l v e d  f i s s i o n  p r o d u c t s  ( technet ium 

and i o d i n e )  of i n t e r e s t  t o  p a r t i t i o n i n g .  The technology t h a t  might be  

used t o  separate and r ecove r  them is  discmsaed i n  S e c t .  2.3.  

A f t e r  t h e  p a r t i t i o n i n g  p r o c e s s e s  have been d e s c r i b e d  i n  summary fash- 
i o n ,  the f e a s i b i l i t y ,  l i m i t a t i o n s ,  and i n c e n t i v e s  o r  p e n a l t i e s  of p a r t i -  

t i o n i n g  are e v a l u a t e d .  The f e a s i b i l i t y  of p a r t i t i o n i n g  b c t h  t h e  a c t i n i d e s  



and t h e  f i s s i o n  p roduc t s  i s  d i s c u s s e d  i n  S e c t .  2 . 4 ,  The i n c e n t i v e s  o r  

p e n a l t i e s  of implementing p a r t i t i o n i n g  are d e f e r r e d  u n t i l  S e c t .  5 s o  

t h a t  a complete  p i c t u r e  concern ing  t h e  c o s t s ,  r i s k s ,  and b e n e f i t s  of P-T 

can  be  p r e s e n t e d .  

A f i n a l  a s p e c t  of p a r r i t i o n i n g  t h a t  must be  addres sed  i s  t h e  e f f e c t  

of advanced p a r t i t i o n i n g  technology on t h e  conc lus ions  of this r e p o r t .  

Th i s  s u b j e c t  wi1.l be  cons ide red  b r i e f l y  in S e c t .  2 . 5 .  

2.1 D e s c r i p t i o n  of Reference  Fue l  Cycle 

2 .1 .1  Overall d e s c r i p t i o n  

Both t h e  r e f e r e n c e  and P-T f u e l  c y c l e s  are d e p i c t e d  s c h e m a t i c a l l y  

i n  F ig .  2 .1 .  These f u e l  c y c l e s  are based on a s i n g l r  1250-MW(e) P’WR 

o p e r a t i n g  i n  t h e  s e l f - g e n e r a t e d  plutonium r e c y c l e  mode. The FXZP i s  as- 

sumed t o  be o p e r a t i n g  i n  a coprocess ing  mode ( i . e . ,  t h e  uranium, plutonium, 

and any  o t h e r  a c t i n i d e s  are i n t i m a t e l y  mixed).  The f u e l  i s  assumed t o  

remain i n  t h e  r e a c t o r  f o r  t h r e e  c a l e n d a r  years. Out-of-reactor  decay 

t i m e s  are 1.5 y e a r s  between r e a c t o r  d i s c h a r g e  and r e p r o c e s s i n g  ,3nd 0.5 

y e a r  between r e p r o c e s s i n g  and r e f a b r i c a t i o n .  

The r e f e r e n c e  c y c l e  beg ins  w i t h  t h e  i n s e r t i o n  of a r e l o a d  of fuel 

i n t o  t h e  r e a c t o r  ( r e f e r  t o  t h e  l e f t  and c e n t e r  p o r t i o n s  of Fig. .  2 . 1 ) .  

The m a s s  of t h e  r e l o a d  is  34.19 MCHN, which i s  comprised of two- th i rds  

3 .2  w t  % enr i ched  UO and one - th i rd  coprocessed  MOX ( i , e . >  plutonium- 

en r i ched  uranium, i n c l u d i n g  some neptunium). A f t e r  t h i s  f u e l  has  been 

i r r a d i a t e d  t o  a burnup of 33,000 MWd/MTHM, i t  i s  d i scha rged  and al lowed 

to  decay f o r  1 .5  y e a r s .  Both t h e  UO and MOX f u e l s  are then  r ep rocessed  2 
i n  combinat ion to y i e l d  a coprocessed MOX p roduc t ,  which is  s e n t  t o  t h e  

r e f a b r i c a t i o n  p l a n t  a f t e r  a 0.5-year d e l a y ,  and TRU w a s t e s ,  which are 

t r a n s f e r r e d  t o  8 r e s p o s i t o r y .  The MOX p roduc t ,  which i s  i n  powder form, 

is r e f a b r i c a t e d  a f t e r  a s u f f i c i e n t  amount of e n r i c h e d  uranfum has  been 

added t o  ach ieve  t h e  d e s i r e d  end-of-cycle  r e a c t i v i t y .  TRU wastes from 

the  r e f a b r i c a t i o n  of MOX f u e l s  are s e n t  t o  t h e  r e p o s i t o r y .  S imul taneous ly  

w i t h  MOX f u e l  r e f a b r i c a t i o n ,  t h e  3 . 2  w t  2 enr i ched  UO f u e l  i s  f a b r i c a t e d  

2 

2 
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i n  a s e p a r a t e  f a c i l i t y .  The cycle is completed with t h e  i n s e r t i o n  of 

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

2 . 1 . 2 .  D e s c r i p t i o n  of f a c i l i t i e s  f o r  p r o c e s s i n g  I.coq-lfved a c t i n i d e s  

Two f u e l  c y c l e  f a c i l i t i e s  r v u r i n c l y  p r o c e s s  long- l ived  a c t i n i d e s  

( o t h e r  t h a n  uranium) : the  FRP, and the MOX PFP. The FRP (assumed nomi- 

na l  c a p a c i t y ,  2000 ;"m3M per yea r )  uses a Purex f lowshee t  which has  been 

modif ied so t h a t  t h e  product  is a n  i n t i m a t e  mix tu re  of uranium and p lu-  

tonium d i o x i d e s  i n  power form. Th i s  t ype  of product  i s  ob ta ined  b y  sepa- 

r a t i n g  on ly  p a r t  of t h e  uranium i n i t i a l l y  p r e s e n t  w i t h  t h e  plutonium and 

t h e n  u s i n g  a p r o c e s s  which s imul t aneous ly  c o n v e r t s  t h e  plutonium-uranium 

n i t r a t e  mix tu re  t o  a s o l i d  ox ide  powder. Based on t h e  c o n d i t i o n s  i n  t h e  

cap rocess ing  s o l v e n t  e x t r a c t i o n  s t e p s ,  i t  w a s  assumed t h a t  80% 01 the 
~ieptunium i n  t h e  s p e n t  f u e l  would be  p r e s e n t  i n  t h e  MOX powder p roduc t .  

The FRP was assumed to  inc lude  p r o v i s i o n s  for reducing  t h e  r o u t i n e  

releases of nob le  g a s e s  (i.e.9 Kr) ,  carbon ( C ) ,  and i o d i n e ;  t r i t i u m  

w a s  assumed t o  be r e l e a s e d  q u a n t i t a t i v e l y  t o  t h e  atmosphere e 

t h e  g e n e r a l  p l a n t  d e s i g n  phi losophy and technol.ogy w e r e  assumed t o  be 

s i m i l a r  t o  t h o s e  used i n  All ied-Gulf  Nuclear  S e r v i c e s '  r e p r o c e s s i n g  

p l a n t  l o c a t e d  i n  B a r n w e l l ,  South C a r o l i n a .  

85 1 4  

Otherwise, 

The MOX FFP b l e n d s  t h e  coprocessed  (Pu ,U)02 powder produced by t h e  

FlCP w i t h  a s u f f i c i e n t  amount of n a t u r a l  uranium t o  ach ieve  t h e  d e s i r e d  

f i n a l  enr ichment  (about  6 . 3  w t  % plu tonium) .  S tandard  t echn iques  are 
then  used t o  f a b r i c a t e  t h e  powder i n t o  p e l l e t s .  The p l a n t  is assumed t o  

be ope ra t ed  remote ly  because  of t h e  r e l a t i v e l y  high r a d i o a c t i v i t y  of t h e  

plutonium as compared w i t h  e n r i c h e d  uranium. However, it is  a l s o  assumed 

t h a t  t h e  equipment can  be decontaminated s u f f i c i e n t l y  so  t h a t  c o n t a c t  

maintenance is p o s s i b l e .  The c a p a c i t y  of t h e  p l a n t  is  660 MTIHM p e r  

y e a r ,  which is  a n  a p p r o p r i a t e  s i z e  t o  handle  t h e  o u t p u t  of the FKP ( i . e .  i )  

one- th i rd  of t h e  r e a c t o r  makeup f u e l  is MOX). 

2 . 1 . 3  Wastes c o n t a i n i n g  long- l ived  - a c t i n i d e s  

Four p r i n c i p a l  t ypes  of w a s t e  i n  t h e  FRP and FFP c o n t a h  s i g n i f i c a n t  



amounts of a c t i n i d e s :  t h e  h i g h - l e v e l  l i q u i d  w a s t e  (HLLW), c l a d d i n g  w a s t c  

and d i s s o l v e r  s o l i d s ,  HEPA f i l t e r s  and i n c i n e r a t o r  ash waytes, and s a l t  

was tes .  

i c a l  and/or  p h y s i c a l  s i m i l a r i t y ,  which wi 1 1  become impor tan t  when t h e  

p a r t i t i o n i n g  of t h e s e  wastes is  d i s c u s s e d  (Sec t .  2 . 2 ) .  

These w a s t e  t y p e s  a r e  grouped i n  a manner r e l a t e d  t o  t h e i r  chem- 

The HLLW i -s a n  aqueous, a c i d  w a s t e  genera ted  by t h e  f i r s t  s o l v e n t  

e x t r a c t i o n  c y c l e  i n  the  FRP. 

f i s s i o r i  p roducts  and t ransplutoniuin a c t i n i d e s  p l u s  p a r t  of t h e  uranium, 

neptunium, and plutontum i n  t h e  FW f e e d  material. 

n i t r t c  a c i d ,  h a s  a volume of about  5100 Q/MTIIM, and e m i t s  l a r g e  amounts 

of gamma r a y s  and h e a t  as a r e s u l t  of i ts  h i g h  c o n c e n t r a t i o n  o f  f i s s i o n  

p r o d u c t s .  Gado1inj.i.m i s  a l s o  p r e s e n t  i n  t h e  HLLW s i n c e  i t  i s  used as a 

sol-uhle  n e u t r o n  poison  i n  the PRP. 

It c o n t a i n s  v i r t u a l l y  a l l  of t h e  n o n v o l a t i l e  

The I-ILCW i s  3.5 - M i n  

The c l a d d i n g  waste, which i s  genera ted  i n  rhe FRP, c o n s i s t s  of t h e  

Z i r c a l o y  c l a d d i n g  p l u s  g r i d  s p a c e r s  and end p i e c e s  t h a t  conlprise t h e  

s t r w t u r e  of t h e  f u e l  assembly. The Zi rca loy  c l a d d i n g  is  t y p i c a l l y  

contaminated w i t h  t r a n s u r a n i c s  because some of Che f u e l  i.s p h y s i c a l l y  

t rapped  i n  t h e  c r e v i c e s  and pinched ends of t h e  s h e a r e d  rod segments,  o r  

because some of t h e  f u e l  material  i s  too r e f r a c t o r y  t o  dissol .ve i n  t h e  

n i t r i c  a c i d ,  

D i s s o l v e r  s o l i d s ,  which are a l s o  genera ted  i n  the PRP o t i ly ,  c o n s i s t  of 

n o b l e  metals (i.e+, Pd, Rh, R u ,  T c ,  M o )  t h a t  are n o t  s o l u b l e  i n  t h e  n i t r i c  

a c i d  i n  t h e  f u e l  d i s s o l v e r .  Thus, a mixture  oE t h e s e  m e t a l s  remains a s  

a r(.siilue i n  t h e  d i s s o l v e r  a f t e r  d i s s o l u t i o n  is  complete  I S i g n i f i c a n t  

amounts of a c t i n i d e s  are p r e s e n t  a l o n g  w i t h  t h e s e  s o l i d s  a s  a r e s u l t  of 

t h e  carr ier  e f f e c t  of t h e  noble  [wtals .  The sol-i.ds, which are recovered  

v ia  c e n t r i f u g a t i o n ,  amount t o  about  1 .0  R p e r  m e t r i c  tori of i n i t i a l  heavy 

metal (MTIHM) . 

(The l a t t e r  problem :is p a r t i c u l a r l y  common i n  MOX f u e l s . )  

1 7 3 tIb1.A f i l t e r  wastes are prodi.icecl by b o t h  the FRP and the FFP. They 

resu1.i: f r o m  t h e  contaminat ion  of the  f i l t e r s  wi!:h p a r t i c u l a t e  TRU elc- 

ments,  p r i m a r i l y  f rom t h e  a c t i n i d e  n i t r a t e - c o - o x i d e  convers ion  i n  t h e  

FRP and the pel.l.et g r i n d i n g  a c t i v i t i e s  i n  t:ke MQX PFP. 'The HEPB f i l t e r s ,  

which are produced a t  thc: rate of about  400 R/MTIFLM, are n o t  combust ible  
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( excep t  p o s s i b l y  f o r  rhe f r ames ) .  I n c i n e r a t o r  ash wastes ass? produced 

a t  rhe rate of about  70 &/MTIHM i n  both t h e  FRP and t h e  FFP via t h e  com- 

b u s t i o n  of wastes such  as s p e n t  s o l v e n t ,  paper  t r a s h ,  p las t ics ,  and rubbe r .  

S a l t  wastes are produced a t  a combined ra te  of- about  26,000 R/MTIHM 

i n  bo th  t h e  FRP and t h e  FFP. 

of a l k a l i n e  and a c i d i c  sa l t  w a s t e s  a r i s i n g  from v a r i o u s  s o u r c e s ,  i n c l u d i n g  

s o l v e n t  c leanup s c r u b s ,  i n c i n e r a t o r  off-gas s c r u b s ,  a n a l y t i c a l  l a b o r a t o r y  

wastes, decontaminat ion  s o l u t i o n s ,  and laundry  wastes. These w a s t e s  gen- 

They c o n s i s t  of a mix tu re  of a wide v a r i e t y  

e r a l l y  c o n t a i n  a d i v e r s e  a s so r tmen t  of sodium sal ts ,  such as  t h e  ca rbona te ,  

b i c a r b o n a t e ,  n i t r a t e ,  s u l f a t e ,  and c h l o r i d e .  The s o l v e n t  c leanup s c r u b s  

are t h e  most ac t in ide -con tamina ted  of t h e s e  wastes. 

2.1.4 Waste p roduc t s  and c h a r a c t e r i s t i c s  

The f u n c t i o n  of t h e  p rev ious  s e c t i o n  w a s  t o  de te rmine  t h e  wastes t h a t  

would be t r e a t e d ,  i d e n t i f y  t h e i r  s o u r c e s ,  and d i s c u s s  some of t h e i r  char -  

a c t e r i s t i c s .  This  s e c t i o n  d e s c r i b e s  t h e  f i n a l  w a s t e s  t h a t  are produced 

by t h e  FKP and FFP. It  should  be noted  t h a t  t h e r e  is  n o t  a one-to-one 

correspondence between t h e  w a s t e s  t o  be t r e a t e d  ( see  S e c t .  2 .1 .3)  and t h e  

f i n a l  w a s t e  p roduc t s  d e s c r i b e d  h e r e .  

The r e f e r e n c e  f u e l  c y c l e  produces f o u r  d i f f e r e n t  waste p roduc t s  con- 

t a i n i n g  TRU a c t i n i d e s :  h i g h - l e v e l  s o l i d i f e d  waste, c l a d d i n g  waste, non- 

inmobi l ized  waste, and conc re t ed  w a s t e .  The f i r s t  two of t h e s e  are  pro-  

duced only  a t  t h e  FKP, whereas t h e  lat ter two are produced a t  both  t h e  FRP 

and t h e  FFP 

The combined volumes of t h e s e  r e f e r e n c e  c y c l e  was te s  are summarized 

i n  Table  2 . 1 .  
which are based e s s e n t i a l l y  on t h e  use of e x i s t i n g  technology,  are sum- 

marized i n  Table  2.2.  These t a b l e s  also c o n t a i n  comparable v a l u e s  f o r  

t h e  P-T cyc:Le. 

The amounts of a c t i n i d e s  assumed t o  r e p o r t  t o  t h e s e  wastes, 
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Table  2.1. Volumes of final a c t i n i d e  ws-stes 

Type o f  waste _I--__ ...... ~ _ _ _  .... 
Reference cyc1.e P-T cyc le  

...... _-_I--- - __ -._... ______ .--lc__----~------..- .... 

High-1 eve1 s o l i d i f i e d  waste 6 3  6 3  

Cladding was te  2 1 2  21 2 

Noninmotili zed waste 977 97 7 

Concreted waste 827 1200 



T o t a l  
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2.2 D e s c r i p t i o n  of E'.-T F u e l  Cycle 

The g e n e r a l  o u t l i n e  of t h e  P-T c y c l e ,  which i.s d e p i c t e d  schemat i ca l ly  

i n  Fi.g. 2 . 1 ,  is t h e  same as t h a t  f o r  t h e  r e f e r e n c e  c y c l e ;  t h a t  is ,  i t  em- 

p loys  a P I n  o p e r a t i n g  on se l f -gene ra t ed  plutonium r e c y c l e ,  a n  FRP opera-  

t i n g  i n  %he coprocess ing  mode, and decay t i m e s  of 1 .5  and 0 .5  y e a r s  b e f o r e  

r e p r o c e s s i n g  and MOX f a b r i c a  t:ion, r e s p e c t i v e l y .  IIowever , the r e f  e3:enc.e and 

P-T f u e l  c y c l e s  e x h i b i t  s u b s t a n t i a l  d i f f e r e n c e s  t h a t  will be i d e n t i f i e d  i n  

t h e  s u b s e c t i o n s  t h a t  -Follow. 

2 . 2 . 1  Overview 

The P-T f u e l  c y c l e  i s  b a s i c a l l y  t h e  g a m e  as t h e  r e f e r e n c e  f u e l  c y c l e  

except  t h a t  p a r t i t i o n i n g  f a c i l i t i e s  ( s e e  t h e  r i g h t m o s t  p o r t i o n  of F ig .  2 .1)  

have been added. A s  b e f o r e ,  the c y c l e  beg ins  w i t h  t h e  i n s e r t i o n  of a f u e l  

r e l o a d  (mass, 34.1.9 MTHM) i n t o  t h e  r e a c t o r .  Th i s  r e l o a d  i s  comprised 

of two- th i rds  3 .2  wt % enr i ched  UO and one- th i rd  coprocessed MOX con- 2 
t a i n i n g  a l l  of t:he recovered  waste a c t i n i d e s  (neptunium and t h e  t r a n s -  

p l u t o n i c s )  homogeneously d i s p e r s e d  throughout .  A f t e r  the r e l o a d  has been 

i r r a d i a t e d  t o  a burnup of 33,000 MIJd/MTHM, i t  is d i scha rged  and allowed t o  

decay f o r  1.5 y e a r s .  The IJO. and MQX f u e l s  are then  r ep rocessed  i n  
colnbination. The TRU wastes are s e n t  t o  t h e  FRP-MTF f o r  p a r t i t i o n h g .  

S t r e a m s  of recovered  a c t i n i d e s  and a c t i n i d e - d e p l e t e d  w a s t e s  are r e t u r n e d  

t o  t h e  FRP. The recovered  a c t i n i d e s  are combined w i . t h  t h e  coprocessed 

MOX and r o u t e d  t o  t h e  FFP a f t - e r  a 0.5-year d e l a y .  

wastes are t r a n s f e r r e d  t o  t h e  r e p o s i t o r y .  The MOX p roduc t  ( i n c l u d i n g  t h e  

waste a c t i n i d e s ) ,  which i s  i n  powder f o r m ,  i s  r e f a b r i c a t e d  i n t o  f u e l  af ter  

t h e  a d d i t i o n  of a s u f f i c i e n t  amount of en r i ched  uranium t o  ach ieve  t h e  

d e s i r e d  end-of-cycle r e a c t i v i t y .  The TKTJ wastes from r e f a b r i c a t i o n  are 

then  s e n t  t o  t h e  PFP-WTF for p a r t i t i o n i n g .  A stream o f  recovered  a c t i -  

nides and a stream of a c t i n i d e - d e p l e t e d  w a s t e s  are r e t u r n e d  t o  t h e  f ab r i -  

c a t i o n  p l a n t .  The recovered a c t i n i d e s  are i n c o r p o r a t e d  into MOX recyc1.e 

streams w i t h i n  t h e  f a c i l i t y .  The a c t i n i d e - d e p l e t e d  wastes are sent t o  t h e  

r e p o s i t o r y .  S imul taneous ly ,  t h e  3 .2  wt % e n r i c h e d  UO f u e l  is be ing  

f a b r i c a t e d  i n  a s e p a r a t e  f a c i l i t y .  The cycle is  completed when t h e  

2 

The a c t i n i d e - d e p l e t e d  

2 
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r e f a b r i c a t e d  f u e l s  are i n s e r t e d  i n t o  t h e  r e a c t o r .  The d e t a i l s  of t h e  

WTF p r o c e s s  and p l a n t  des ign  are g iven  i n  refs. 1 and 2 .  

2 .2 .2  D e s c r i p t i o n  of f a c i l i t i e s  f o r  p r o c e s s i n g  a c t i n i d e s  

As i s  e v i d e n t  from t h e  p reced ing  d e s c r i p t i o n ,  f o u r  f a c i l i t i e s  i n  

t h e  P-T c y c l e  p rocess  t h e  a c t i n i d e s :  t h e  FRP, t h e  FFP, t h e  FKP-WTF, and 

t h e  FFP-WTF. The d e s i g n  and o p e r a t i o n  of t h e  FRP and t h e  FFP are essen-  

t i a l l y  as d e s c r i b e d  i n  S e c t .  2 .1 .2  and w i l l  n o t  be  r e p e a t e d  h e r e .  

The purpose of t h e  two WTFs i n  t h e  P-T c y c l e  is t o  r ecove r  a c t i n i d e s  

t h a t  would o r d i n a r i l y  r e p o r t  t o  t h e  a c t i n i d e  wastes. Th i s  i s  accomplished 

by (1) r o u t i n g  t h e  TRU wastes t o  e i t h e r  t h e  FKP-WT'F o r  thc: FFP-W'I'F, (2) 

u s ing  v a r i o u s  chemical  p r o c e s s e s  t o  s e p a r a t e  and r ecove r  t h e  a c t i n i d e s  

from t h e  wastes, and ( 3 )  r e t u r n i n g  t h e  recovered  a c t i n i d e s  and t h e  

a c t i n i d e - d e p l e t e d  wastes t o  t h e  p a r e n t  f a c i l i t y .  In  t h e  p a r e n t  f a c i l i t y ,  

t h e  recovered  a c t i n i d e s  ( a s  a l i q u i d  n i t r a t e  s o l u t i o n )  are combined w t t h  

t h e  main a c t i n i d e  n i t r a t e  s o l u t i o n  ( i n  t h e  FRP) o r  w i t h  an in t e rna l .  

n i t r a t e  r e c y c l e  stream ( i n  t h e  PFP) and t h u s  are inc luded  Tn t h e  f i n a l ,  

s o l i d  p roduc t  which i s  oxide powder f o r  t h e  FRP and f a b r i c a t e d  f u e l  f o r  

t h e  FFP. 

p a r e n t  f a c i l i t y  t o  p rov ide  t h e  a p p r o p r i a t e  form f o r  f ina l  d i s p o s a l .  

The a c t i n i d e - d e p l e t e d  w a s t e s  are t r e a t e d  and /o r  packaged i n  t h e  

2.2.3 Wastes c o n t a i n i n g  a c t i n i d e s  

The w a s t e s  c o n t a i n i n g  t h e  a c t i n i d e s  i n  t h e  P-T case be ing  cons id-  

e r e d  h e r e  are t h e  s a m e  as t h o s e  in t h e  r e f e r e n c e  c a s e  ( v i z . ,  HLLW, c l ad -  

d ing  w a s t e  and d i s s o l v e r  s o l i d s ,  HEPA f i l t e r s  and i n c i n e r a t o r  ash, and 

sal t  w a s t e s ) .  However, i n  t h e  P-T c y c l e ,  Lhe wastes d e s c r i b e d  i n  

S e c t .  2 .1 .3  are s u b j e c t e d  t o  p a r t i t i o n i n g  t o  d e c r e a s e  t h e i r  a c t i n i d e  

c o n t e n t s  b e f o r e  be ing  t r e a t e d  f o r  d i s p o s a l  as d e s c r i b e d  in Sect. 2.1.4.  

S e c t i o n s  2.2.3.1 - 2 .2 .3 .4  d e s c r i b e  t h e  t r e a t m e n t  of each of t h e s e  f o u r  

w a s t e  t ypes .  

The p a r t i t i o n i n g  of t h e  w a s t e s  i n v o l v e s  two g e n e r i c  s t e p s :  s epa ra -  

t i o n  of t h e  a c t i n i d e s  from t h e  w a s t e  by l e a c h i n g ,  s o l v e n t  e x t r a c t i o n ,  o r  

b reak ing  down s t r o n g  o r g a n i c - a c t i n i d e  chemical  compounds; and r ecove ry  
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of t h e  a c t i n i d e s .  The second s t e p  i s  accompli-shed u s i n g  a s t a n d a r d i z e d  

p r o c e s s i n g  sequence f o r  a l l  OF ehe waste type.;. T h i s  sequence i s  as  

f O P l O W S  i 

1. The t e t r a v a l e n t  and hexavalen t  a c t fh i i e s  (uranitim and p1i.itcjiiiuIi) 

are recovered  v i a  Purex (‘I’BP j e x t r a c t i o n .   he recovered  ac t i -  

n i d e s  are t h e n  s t r i p p e d  from t h e  s o l v e n t  and j:t?turned t o  ~ 1 1 e  

p a r e n t  f a c i l i t y .  

2 .  The t r i v a l e n t  a c t i n i d e s  ( p r i m a r i i y  amzriciuim and curium) and 

l a n t h a n i d e s  are c o e x t r a c t e d  u s i n g  a bidemtatci! e x t r a c t a n t  ( i  .e ~ 

CMP).  The a c t i n i d e - d e p l e t e d  w a s t e s  are r e t u r n e d  t o  t h e  p a r e n t  

f a c i l i t y  f o r  f i n a l  t rea . t iwnt  b e f o r e  d i s p o s a l .  The tri.vale.nt 

a c t i n i d e s  and l a n t h a n i d e s  are s t r i p p e d  from t h e  s o l v e n t  and 

s u b j e c t e d  to  CEC.  

The a c t i n i d e s  are s e p a r a t e d  f rom t h e  l a n t h a n i d e s  u s i n g  CE(: ( i o n  

exchange).  The l a n t h a n i d e  f r a c t i o n  i s  r e t u r n e d  ‘ro t h e  parent  

f a c i l i t y  f o r  f i l i a l  t r e a t m e n t  b e f o r e  disposal .  The recovered  

a c t i n i d e s  are r e t u r n e d  t o  t h e  p a r e n t  f a c i l i t y  and i n c o r p o r a t e d  

with t h e  main stream of aqueous a c t i n i d e  n i t r a t e s  I 

‘ T h i s  sequence i s  d e p i c t e d  s c b e n i a t i c a l l y  i n  P i g s .  2 . 2  and 2 - 3  f o r  t h e  

3 .  

PKP-WTF and t h e  FFP-WTF , r e s p e c t i v e l y .  

2 . 2 . 3 . 1  High-level  l i q u i d  waste. The f i r s t  p a r t i t i o n i n g  step .for the 

HLLW, Purex e x t r a c t i o n ,  is accomplished i n  t h e  FRP. As a resul-c  o f  t h i s ,  

na f u r t h e r  TBP e x t r a c t i o n  is r e q u i r e d ,  arrtl the HLLW i.s sent d i r e c t l y  LO 

CMF e x t r a c t i o n  and CEC f o r  recovery  of t h e  t r i v a l e n t  a c t i n i d e s .  A f t e r  

CMP e x t r a c t i o n ,  the a c t i n i d e - d e p l e t e d  WLLW i s  re turned  t o  t h e  FRP f o r  

f i n a l -  t r e a t m e n t .  

2 . 2 . 3 . 2  Cladding waste and d i s s o l v e r  s o l i d s .  The c l a d d i n g  waste and ........I.._.. _. ---- -11-- 

d i s s o l v e r  s o l i d s  have p rev ious ly  been ‘Leached w i t h  n i t r i c  a c i d  d u r i n g  t h e  

d i s s o l u t i o n  p r o c e s s  i n  t h e  FRP. T h u s  s t r o n g e r  measures are r e q u i r e d  t o  

s o l u b i l i z e  the remaining act  inides . The approach used i n  t h e  FKP,--r;SrF i s  

t o  c o n t a c t  these s o l i d  wastes w i t h  a mixture of n i t r i c  and hydro f luo r t c  

a c i d s  ( T h e  h y d r o f l u o r i c  a c i d  c a t a l y z e s  the dissoJ.ut:i.oti o f  t h e  renmining  

i i r so lubles  . ) Hydrof luor ic  ac:i.d .is riot g e n e r a l l y  favored f o r  use  i n  t h e  
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p a r e n t  f a c i l i t y  because  i t  compl i ca t e s  t h e  c a l c i n a t i o n  and v i t r i F i c a t i o n  

of the HLLW and i ts  c o r r o s i v e n e s s  r e q u i r e s  s p e c i a l  materials of cons t ruc -  

t i o n ,  which are much more expens ive  than  t h o s e  normally used .  A f t e r  be ing  

leached ,  t h e  a c t i n i d e - d e p l e t e d  wastes are r e t u r n e d  t o  t h e  p a r e n t  f a c i l i t y  

f o r  f j n a l  t r ea tmen t ;  t h e  n i t r i c - h y d r o f l u o r i c  a c i d  s o l u t i o n  c o n t a i n i n g  t h e  

a c t i n i d e s  is s e n t  t o  t h e  TBP e x t r a c t i o n ,  CMP e x t r a c c i o n ,  and CEC p rocesses  

f o r  a c t i n i d e  r ecove ry .  It should  be noted  t h a t ,  i n  t h e  case of t h e  FFP 

(P ig .  2.31, t h e  TBP e x t r a c t i o n  .is con ta ined  i n  t h e  p a r e n t  f a c i l i t y .  A f t e r  

TBP e x t r a c t i o n  i n  t h e  FFP, t h e  stream c o n t a i n i n g  t h e  t r i v a l e n t  a c t i n i d e s  

is  r e t u r n e d  t o  t h e  FFP-WTP f o r  CILP e x t r a c t i o n  and CEC. 

2.2.3.3 BEPA f i l t e r s  and i n c i n e r a t o r  ashes. The prnbl-ems encoun- 

t e r e d  wi th  p a r t i t i o n i n g  t h e  HEPA f i l t e r s  and i n c i n e r a t o r  a s h e s  are very  

s imt l a r  t o  those f o r  t h e  c l a d d i n g  w a s t e  and d i s s o l v e r  s o l i d s .  The major 

d i f f i c u l t y  i n v o l v e s  t h e  i n s o l u b i l i t y  of t h e  a c t i n i d e s  i n  n i t r i c  a c i d  be- 

cause  of t h e i r  r e f r a c t o r y  n a t u r e .  However, i n  t h i s  i n s t a n c e ,  an a d d i t i o n a l  

compl i ca t ion  i s  p r e s e n t  t h a t  is ,  bo th  t h e  HEPA f i l t e r s  and t h e  i n c i n e r -  

a t o r  a s h e s  c o n t a i n  s u b s t a n t i a l  amounts of s i l i c a  (Si0 ) .  I f  t h e  n i t r i c -  

h y d r o f l u o r i c  a c i d  mix tu re  d e s c r i b e d  i n  S e c t .  2 .2 .3 .2  w e r e  t o  be used i n  

t h i s  c a s e ,  t h e  r e s u l t  would be  a s o f t ,  gooey mass because of t h e  a c t i o n  

of t h e  h y d r o f l u o r i c  a c i d  on t h e  s i l i ca .  The product  would be v i r t u a l l y  

imposs ib le  t o  handle  i n  a r a d i o a c t i v e  system. The s o l u t i o n  t o  t h i s  prob- 

l e m  w a s  t o  s e l e c t  a n  a l t e r n a t i v e  chemica l ,  Ce(IV) i n  t h e  form of c e r i c  

2 

n i t r a t e  [&(NO ) 1 ,  f o r  s o l u b i l i z i n g  t h e s e  wastes. Ceric n i t r a t e  acts  on 

t h e  i n s o l u b l e  a c t i n i d e s  by o x i d i z i n g  them t o  more s o l u b l e  o x i d a t i o n  states 

whi l e  be ing  reduced t o  C e ( 1 I I ) .  The Ce(1 I I )  i s  subsequent ly  r e o x i d i z e d  

t o  Ce(1V) e l e c t r o l y t i c a l l y .  T h i s  t echn ique  a l l o w s  r e c y c l e  of t h e  cer ium 

3 4  

w i t h i n  t h e  WTFs. The a c t i n i d e - d e p l e t e d  wastes are r e t u r n e d  t o  t h e  p a r e n t  

f a c i l i t y  f o r  f i n a l  t r e a t m e n t  and t h e  n i t r i c  acid--cerous n i t r a t e  s o l u t i o n  

c o n t a i n i n g  t h e  s o l u b i l i z e d  a c t i n i d e s  i s  s e n t  t o  t h e  TBP extraction--CMP 

extraction--CEC recove ry  sequence.  A s  p r e v i o u s l y ,  t h e  TBP e x t r a c t i o n  

p r o c e s s  i n  t h e  f a b r i c a t i o n  f a c i l i t y  is con ta ined  i n  t h e  FFP, but  n o t  i n  

t h e  FFP-WTF. 

2.2 .3 .4  S a l t  wastes. The sa l t  wastes p r e s e n t  a somewhat d i f f e r e n t  

t ype  of problem t h a n  either t h e  HLLW or  t h e  s o l i d  wastes. I n  t h i s  case, 
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t h e  Z s t i n i d c s  are a l r e a d y  i n  sol l i t ion bnf are cornbf.ii~tl w i t h  o r g a n i c  phos- 

phatFs that p f r e r t i v e l y  p r e v e n t  t h e m  f r o m  bc ing  s t r i p p e d  f rom e x t r a c t a n t s  

scirh as TBF arrd LNT. i h e  m o s t  coilman orgatrir  phosphates  taming t h i s  

s t r i p p L c g  p z c ; b l m  are  d i b t i t y l  phospllate (DBP) and monobutyi phosphate  (MbP), 

b o t h  or 1~71xich R ~ P  degradal i r j i l  prodi ic ts  of t h e  ‘1’BP uscd i n  the Purex pro-  

C P ~ C . .  ( h e w  vol i s t r lppahlc  s p e c i e s  are d e s t r o y e d ,  and Cl~e art  i n i d e s  arp 

iira d F r .?ctabl? hy contncb- Lng t h e  a c i d i f i e d  s a l t  wast~s wirh 2 -EHO€!, which 

S C I e c t i v r l y  e x t r a c t s  the d e g r a d a t i o n  prod i i c  ts away f r o m  t h e  actinid~s. 

T h r  ~-es.:l.ting s o l u t i o n  r a .  then bc sent t o  ilie THP c x l r a s t i o n ,  C?!F ex- 

tractinIt, lild Ck,C; a c t i n i d c  r r2overy  p io i .esses .  h r t e r  TBP e x t r a c t  i c m :  t h e  

aci  i i r i de -dq i l t . t ed  sa l t  wastes arr  r e t u r n e d  t o  t h c  p.at-eat f a c i l i t y  f o r  

f i n a l  treatrnrc!- a i d  d i s F o s a l .  A s  with t h e  s o l i d  v a s t e s  d i s c u s s e d  above, 

t h e  TKi’ e x t r a c t i o n  p r o c e s s  Ss c a r r i c d  ou t  i n  t h e  FF?, and not  thr FPP-WIE . 

Thz ~ . r ~ s t e  prodi ic ts  froin l h ~  P ‘I? c y c l e  are t h r  same as t h o s e  f r o m  t h ~  

referencr ryc 1 e ( v i x  * ,  Ligh-lcvel  s o l i d  waste ~ c l a d d i n g  waste, uanimmobi- 

1izf.d ~msi-t ’ ,  aild coiiereted wasr-e; see Seer, 2 .1 .4) .  I’he type5  of w a s L C  

inc l i ido4  i n  each of these  p r o d u c t s  are a l so  the same as those in Ihe 

r e f e r e n c e  c y c l e .  

2-2.4.1 Mas?e ___ vo1umtl.R. ....... ~ - The v-s!.umes of the  f i n a l  waste p r o d u c t s  from 

chc P.-.T c y c l e  ai-e sumrnari.zed Ln Table  2.1,  a l o n g  w i t h  the volumes c i - ted  

io i i s ly  f o r  t h e  T ~ ~ ~ ? u ~ G , c s  c y c l e .  A s  i s  evident  froin the d a t a  p r e s e n t e d  

here) P-T h a s  no e f fec t  on t h e  f inal  volume of h i g h - l e v e l  s o l i d  waste and 

c h d d l n g  waste. T h i s  i.s to be  excected because t h e  s~lvent e x t r a c t i o n  of 

t h e  HLLW does n o t  add any s i g n i f i c a n t  amounts of i ne r t  salts t o  the stream 

that wou1.d i n c r e a s e  the V O I T ~ C ~ . ;  on t h e  otlier hand, the d e n s i t y  of t h e  

v i t r i f  id product  i s  c o n t r o l l e d  b y  t h e  f kssion product  h e a t i n g  whi-ch is  

a l s o  n o t  a f f e c t e d .  The volume o-E t h e  c l a d d i n g  waste remains unchanged 

s i n c c  E h e  s u r f a c e  e f f e c t s  of  be n i t r i c  ac id- -hydrof luor ic  a c i d  leach. 

iiaxe vi . - i tual ly  no i n f l u e n c e  on the voluioe or m a s s  of t h e  c.ladding. 

A s  shobli- iii Table  2 .1 ,  t h e  volume of concreted waste produced i n  t h e  

P-’r c y c l e  is es’limated t o  incresse by 50% over t h a t  f o r  the r e f e r e n c e  

c y c l r .  This  % n c r ? a w  r e f l e c t s  t l ~  wasLes produced by the  CEC p r o r e s s  
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(zinc b a r r i e r  ions) and the  a d d i t i o n a l  so lven t  cleanups ( Y E P ,  CNP, and 

2-EWQH e x t r a c t i o n s $  I 

Cons ide rab le  uncertairit. y is involved  i n  t h e  e s t i m a t i o n  of w a s t e  

q u a n t i t i e s  u n l e s s  the L a t t c h r  are based on a e t i r a l  o p e r a t i n g  exper icmce 

( w h i c h  i s  n o t  available i.xa t h e  case at Inand) Therefore, the va lues  

g iven  i n  Table 2 . 1  sliould be viewed as rough estimates t o  bc. used only  
f u r  comparison purposes ,  

It is i n t e r e s t i n g  t o  ri~at.e thatr tlie H I M  :is n u t  the  p r i n c i p a l  s c ~ u r c e  

of unrecovered  uranium and p lu tooi tm i n  e i t h e r  the r e f e r e n c e  c y c l e  03- the 

P-T c y c l e .  The HLW c o n t a i n s  about 25% of t h e  unrecovered actrinides i n  the 

r e f e r e n c e  c y c l e ,  and only  about  4 2  i n  the P-T CYCLE. T b i s  serves t u  re- 

einphasize t h e  Fact t h a t  the non-high-level wastes are ex t r eme ly  importaiitr 

when c o n s i d e r i n g  t h e  p a r t i t i o n i n g  of ac t in ides  as a means of reducing the 

o v e r a l l  w a s t e  t o x i c i t y .  

2.3 P a r t i t i o n i n g  of Iodine  and Technetium 

This s e c t i o n  is  in t ended  to p r o v i d e  hackglrwnd w i t h  regard t o  t.he 
12g1 p a r t i t i o n i n g  o f  t h e  two predominant long-l.ived f .i.ssion p r o d u c t s  : 

and "Tc. 

t h e s e  n u c l i d e s  under  the OLVL P-T p r o j e c t ,  t h i s  d i s c u s s i o n  i s  based on 

p r e v i o u s l y  e x i s t i n g  technology.  

S i n c e  no studies of p a r t i t i o n i n g  p r o c e s s e s  were conducted f o r  
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'The p a r t i t i o n i n g  of i o d i n e  should be r e l a t i v e l y  s t r a igh t€orwa . rd  s i n c e  

v i r t u a l l y  a l l  of the i o d i n e  occur s  i n  a s i n g l e  FRP stream, t h e  d i s s o l v e r  

off-gas .  Technology f o r  i o d i n e  p a r t i t i o n i n g  i s  a l s o  w e l l  known s i n c e  a 

v a r i e t y  of e f f l u e n t  c o n t r o l  p r o c e s s e s  have been developed and demonstrated 

t o  remove i o d i n e  from gas s t reams.  These p rocesses  i n c l u d e  c a u s t i c  scrub-  

bl-ng, mercur ic  L i i t r a t e  scrubbi i ig ,  s i l v e r  z e o l i t e  adsorpt: ion,  c h a r c o a l  

a d s o r p t i o n ,  and Iodox (scrubbing  w i t h  ex t remely  concen t r a t ed  n i . t r i c  a c i d )  . 
Ir: would be imposs ib le  t o  de te rmine  which p r o c e s s  i s  m o s t  e f f e c t i v e  u n t i l  

the d e s i r e d  chemical  form of t h e  i o d i n e  product  was s p e c i f i e d  and a com- 

p a r a t i v e  eng inee r ing  eva lua t - ion  of t h e  processes was performed i n  t h i s  

c o n t e x t .  

The p a r t i t i o n i n g  of technet ium i s  more colnpl icated than  t h a t  oE 

i o d i n e  s i n c e  technct  ium occiit-s i n  bo th  t h e  IIIJ,W and the d i s s o l v e r  s o l i d s .  

To d a t e ,  l i t t l e  a t t e n t i o n  has  been g iven  t o  f lowshee t s  f o r  r ecove r ing  

technet ium. However , t h e r e  i s  p r e s e n t l y  no knorm l i m i t a t i o n  t h a t  would 

p rec lude  t h e  recovery  of technet ium. 

2 . 4  F e a s i b i l i t y ,  L i m i t a t i o n s  and O t h e r  A p p l i c a t i o n s  

o f  F a r t i t i o n i n g  Processes 

2 .4 .1  Actinid- 

2 . 4 . 1 . 1  F e a s i b i l i t y ,  S i x  i d e n t i f i a b l e  p r o c e s s e s  are used i n  the 

p a r t i t i o n i n g  p l a n t s  desc r ibed  i n  Sec t .  2 .2 :  Purex e x t r a c t i o n ,  CMP 

e x t r a c t i o n ,  CEC, 2-EHOH e x t r a c t i o n ,  n i t r i c  ac id - -hydro f luo r i c  a c i d  

l e a c h i n g ,  and n i t r i c  acid--cerium n i t r a t e  l each ing .  Eased on t h e  engi.- 

neerirrg e v a l u a t i o n s  and expe r imen ta l  s t u d i e s  conducted as a p a r t  of thri..s 

p ro , j ec t ,  w e  b e l i e v e  t h a t  a l l  of t h e s e  p r o c e s s e s  are feasib1.e  and i n  t i i rn  

t h a t  p a r t i t i o n i n g ,  as a whole, is  f e a s i b l e . .  Both TBP e x t r a c t i o n  and 

n i t r i c  ac id - -hydro f luo r i c  a c i d  l e a c h i n g  are w e l l  demonstrated t e c h n o l o g i e s  

as a r e s u l t  of n u c l e a r  d e f e n s e  a c t i v i t i e s  over t h e  p a s t  two o r  t h r e e  

decades.  CEC has a l s o  been demonstrated on a p l a n t  sc.ale, a l though  less 

e x t e n s i v e l y  than  the Purex p r o c e s s .  The CMP e x t r a c t i o n  p rocess  h a s  been 

t e s t e d  under  r a d i o a c t i v e  c o n d i t i o n s  on s m a l l .  s a m p l e s  of d i scha rged  T,WR 

f u e l  and on Idaho Chemical P rocess ing  P l a n t  w a s t e .  PinaI.l.y, bo th  t h e  
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2-EHOH e x t r a c t i o n  and t h e  n i t r i c  ac id - - ce r i c  n i t r a t e  l e a c h  p rocesses  have 

been i n v e s t i g a t e d  on a l a b o r a t o r y  s c a l e .  1. 

The p r i n c i p a l  c a v e a t  concern ing  t h e  p a r t i t i o n i n g  f lowshee t s  developed 

i n  t h e s e  s t u d i e s  is t h a t  t hey  ase v e r y  h igh ly  i n t e g r a t e d  Cine., there  i s  

c5ns idesab le  i n t e r n a l  r e c y c l e  of p l a n t  s t r eams)  t o  prevent  a c t i n i d e s  

r e p o r t i n g  t o  t h e  wastes. The re fo re ,  i t  is p o s s i b l e  t h a t  one o r  more 

chemical  spee.ies having  a d e t r i m e n t a l  e f f e c t  5n p l a n t  performance cou1.d 

form and cou ld  con t inue  t o  b u i l d  up w i t h i n  t h e  p l a n t  because  of t h e  re- 

c y c l e ,  u l t i m a t e l y  caus ing  e i t h e r  unacceptab ly  h i g h  amounts of a c t i n i d e s  

t o  r e p o r t  t o  w a s t e  streams o r  Eorcing pl-ant shutdown because  of p r o c e s s  

i n o p e r a b i l i t y .  S ince  t h e  i n t e g r a t e d  Elowsheets were no t  t e s t e d  i n  t h e  

OKNL P-T p r o j e c t  , the l i k e l i h o o d  of t h i s  occu r rence  i s  p r e s e n t  ly unknown. 

2.4.1.2 L i m i t a t i o n s .  D e s p i t e  t h e  f e a s i b i l i t y  of t h e  s i x  p a r t i t i o n -  

i n g  p r o c e s s e s  l i s t e d  above, some of them have s e r i o u s  l i m i t a t  ions.  T h e  

p rocess  w i t h  t h e  most c o n s t r a i n t s  is t h e  CEC p r o c e s s ,  which is used t o  

s e p a r a t e  t h e  t r i v a l e n t  a c t i n i d e s  (americium and curium) from t h e  t r i v a l e n t  

l a n t h a n i d e s .  The materials be ing  handled i n  t h i s  p r o c e s s ,  s p e c i f i c a l l y  

2 4 2 9  2 4 4 ~ r n ,  are r e l a t i v e l y  s h o r t - l i v e d  alpt ia  emitters t h a t  cause  s e v e r e  

damage t o  t h e  i o n  exchange r e s i n .  

r e l a t i v e l y  h igh  c o n c e n t r a t i o n s  of curium i n  t h e  r e c y c l e  s c e n a r i o ,  makes 

i t  necessa ry  t o  d i s c a r d  t h e  r e s i n  af ter  a s i n g l e  p r o c e s s i n g  sequence.  

T h i s  r e s u l t s  i n  t h e  requi rement  €o r  l a r g e  numbers of i o n  exchange columns 

and l a r g e  q u a n t i t i e s  of i o n  exchange r e s i n ,  as w e l l  as t h e  a s s o c i a t e d  

expense and d i f f i c u l t y  of f r e q u e n t  r e s i n  rep lacement .  F u r t h e r ,  r a d i a t i o n -  

damaged r e s i n s  are s u s c e p t i b l e  t o  e x p l o s i o n  i f  t hey  are overhea ted  and/or  

overexposed.  However, CEC appea r s  t o  be t h e  best p r o c e s s  c u r r e n t l y  avail- 

a b l e  f o r  performing t h e  v e r y  d i f f i c u l t  s e p a r a t i o n  between chemica l ly  

similar e lements .  

T h i s  damage, w h i c h  i s  enhanced by t h e  

A second p o t e n t i a l  l i m i t a t i o n  is t h e  e f f e c t  of t h e  e x t e n s i v e  i n t e r n a l  
r e c y c l e  of p l a n t  streams on p l a n t  f e a s i b i l i t y  and o p e r a b i l i t y  (see t h e  

p rev ious  s e c t i o n ) .  

a s  a l i m i t a t i o n ,  i t  would have t o  be c a r e f u l l y  i n v e s t i g a t e d  b e f o r e  a demon- 

s t r a t i o n  pliant could  be  o p e r a t e d .  

Although t h i s  e f f e c t  has n o t  a c t u a l l y  been e s t a b l i s h e d  
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A t h i r d  por c ~ n t i a l  l i ’ m i t a t i o n  i s  t h e  a v a i l a b i l i t y  of s u f f  i r i e n t  

;iinounts of p u l a  Cp13 e x t r a c t a n i  f o r  a l a rge  n u c l e a r  ecor~omjr. During t h e  

c o u r s e  of L h i s  p r o j e c t ,  rniich of t h e  e f f o r t  i n  i n v e q t i g a l  i n g  the  CfiP 

ext 1 a c t i o i i  p r o c e s s  w a s  d i ?  ected I ~ ~ 3 r d  d r v e l o p m m t  of rn~el-nods ?or  rriwv- 

ing dptrirneni a1 irnpur i t i e s  frmu t h e  conmerc ial ly availabli- p r o d a c t  I Mhi 1 c 

I a i s  was f i n a l  J y  accomplished by b s i n g  l i q u i d  chromatography, t h e  prod11c-t 

was s t i l l  o n l y  80 i o  852 p u r e .  Consequcntlg, there is  some q u e s t i o n  as 

t o  whether t h i s  e x t r a c t a n t  cat! be procured i n  r e l a t i  w l y  la rge  q i i a l i t i t i c s  

and i n  r ~ I . - ~ t i v e l y  p u r e  form. 

-1 

A f i n a l  I i i i i t a t i o n  I.nvolves t.he pergormance of t h e  p a r t  i t l o n i n g  pro.- 

cesses ,  p a r t i c u l a r l - p  t h o s e  which have n o t  been operatted oii a 1-arge scale.  

For t h e  purpose  of thi.s project: ,  e n g i n e m i n g  analyses and e x p e r i m e n t a l  

s t u d i e s  were performed t o  d e  m i n e  t: he degree of c? c t i n  i de d e  con I: amina h -Lon 

t h a t  c o u l d  b e  achieved w i l i l i  t h e  p a r t i t i o n i n g  processes d e s c r i b e d  previoms- 

l y .  
f 1-ecteed i n  Table  2 . 2 .  Bowever, chcse estiinaces are bounded by r e l a t i v e l y  

broad u n c e r t a i n t i e s  ranging  f rom e s s e n t i a l l y  t o t a l  a c t i n i d e  r e c o v e r y  t o  

only m h o r  improvements over  e x i s t i n g  technology i n  some cases. S i n c e  thz 

b e n e f i - t s  t o  be achleved from P-T arc a d i r e c t  funct iof i  of t h e  degree  to 

which t h e  unrecovered 3ctin:itIes can be reduced t h e  . w t u a l  process  per form-  

ance  is  irnportariir, p a r t i c u l a r l y  i.f i t  j.s l o w e r  t h a n  expec ted  (i.e., i:lie 

amounts of actinides r e p o r t i n g  t o  wastes a m  lasger than expec ted)  

The ” b e s t  esc t ica tes”  of t h e  a c t i n i d e s  r e p q r t i n g  t o  wastes are re- 

2 . 4  e 2 __ Technefium and iodine ~ .. . . .-. parti t io?& 

Based G E ~  ~ h r  b r i e f  d i s c u s s i o n  givcu i n  Sec t .  2 . 3 ,  the on17 d e i e n s i b l e  

concliision concprning the f e a s i b i l i t y  of p a r t i t i o n i r n g  technet ium is  that  

i t  i s  an unknown quantity s i n c e  it has not  been i n v e s t i g a t e d .  Processes 

€o r  r e c o v e r i n g  technetiuin have n o t  been s t i td ied  or i d m t i f  i ed ,  a1 though 

there i s  no known reason why such processes cou ld  not  be developed.  

The preceding .  b r i e f  d i s c u s s i o n  concerning i o d i n e  p a r t i t i o n i n g ,  LIE 

well knom iuature of i o d i n e  c h e m i s t i y ,  arid t h e  w e a l t h  of e x p e r i e n c e  i n  

r r c o v e r i n g  i o d i n e  from g a s  streams I e a d  u s  t o  b e l i e v e  t h a t  t h e  p a r t i t i o n -  

ing Gf i o d i n e  woEld be f e a s i b l e  u s i n g  e x i s t i n g  t echno logy .  
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Even if p a r t i t i o n i n g  were never  impleii iear~d I the technology dwch loped 

E I ~  suppor t  of i t  could prove t i 9  be  u s e f u l  i n  a u  o r d i n a r y  f u e l  c.ycle t h a t  

irmcludes reprocesslng. The t w o  processes I h a t  have t h e  niost potent ia l  

are t h e  2-EHOB e x t r a c t i o n  arid the n i t r i c  ac id - - ce r i c  nitrate Leaching, 

E:xtract:ion w i t h  2-EHOW may r e p r e s e n t  ;I s i m p l e ,  worlcable p r o c e s s  t'o 

d r a s t i c a l l y  redur:ct t h e  amounts of v a l u a b l e  f.i ssile and f e r t i l e  materials 

r e p o r t i n g  t o  t h e  solvent: cleanup waste. As i s  e v i d e n t  f r o m  Tab le  2.2,  

rhe concre tcd  waste, which Is 3.argel.y comprised of s a l t  wastes, eontairns 

about  50% of t h e  iiwec.overed uranium and p l u t u n T m  i n  the r e f e r e n c e  finel 
c:ycI.e. The value of t h e  plutonium t h u s  recovered  (based C I I ~  t h e  c o s t  of 

e q u i v a l e n t  U 0 2  f u e l  minus a f a b r i c a t i ~ ~ n  p e n a l t y )  would be a19out $3 m f l l i o r i  

per year f o r  an FRP h a n d l i n g  spenc  1J02 f u e l  a1-d as much its $15 m l I l i o n  per 

year for  a f a c i l i t y  handl ing MOX f u c l s .  

The n i t r i c  ac id - - ce r i c  n i t r a t e  l each ing  process holds  promise as a 

method fo r  s v l u b i l i n i n g  r e f r a c t o r y  a c t i n i d e  oxides from a wide v a r i e t y  

of so2:id w a s t e s  such  as dissolver s o l i d s ,  i n c i n e r a t o r  ashes, and HEPA 

f i l t e r s  ./ This  might r e s u I  t i n  recovered  plutonium v a l u e s  roughly h a l f  of 

tliose given f o r  t h e  2-EHOH p rocess  above e 

2.5 E f f e c t s  of A l t e r n a t i v e  P a r t i t i o n i n g  Technology 

Taken  i n  t h e i r  e n t i r e t y ,  and assuming 100% f e a s i b  i L i t y ,  t h e  processes 
d i scussed  i n  t h i s  s e c t i o n  probably c o n s t i t u t e  a near-optimal p a r t i t i o n i n g  

technology f o r  t h e  f o l  lowing reasons : 

1. The extractants used (subjec t  to t h e  c a p a b i l l t g  fo r  producing 

euuugh pure C M P )  perform sar isfac: t49ri ly ,  are r a d t a t i o n  r e s i s t a n t  

are re laLive ly  insolubl-e,  and d o  n u t  r e q u i r e  thc l  a d d i t i o n  of 

n o n v o l a t i l e  cl~ernicals. S ince  a 12quid  sys tem i s  p r e f e r a b l e  For 

a c h i e v i n g  hi.gtn reliability, it is J f f f i e u l t  f o  see Flow these 

e x t r a c t i o n  processes couLd be improved t o  any h i gnifieant e x t e n t  - 
2 Ute n i t r i c  ac id - -ce r i c  oi.trate leaching procr.ss r e p r e s e n t s  a 

re la t ively low-cost method f o r  soIr*bil.izing a c t  i n i d e s  in wastes 



t h a t  were p r e v i o u s l y  n o t  amenable t o  t r e a t m e n t  wi thout  t h e  addi -  

c i o n  of large q u a n t i f i e s  of n o n r e c y c l a b l e  r e a g e n t s .  

3 .  The wide  v a r i e t y  of was tes  thhat must bc p a r t i t i o n e d  and t h e i r  

d i v e r s e  c h a r a c t e r i s t i c s  ( e . g . ,  s o l i d  and l i q u i d ,  a c i d  and alkaline) 

n e c e s s a r i l y  r e q u i r e s  t h a t  m u l t i p l e  p r o c e s s e s  be used .  

4 .  'i.'he p r i n c i p a l  c o s t  of p a r t i t i o n i n g  ris n o t  t h e  p r o c e s s e s  o r  pro- 

cess equipment,  b u t  the p r o c e s s  b u i l d i n g  and t h e  u t i l i t i e s  sup- 

p o r t i n g  t h e  p r o c e s s e s ,  S i n c e  t h e  development of a l t e r n a t i v e  

p r o c e s s e s  i n  most i n s t a n c e s  w i l l  r e q u i r e  e q u i v a l e n t  space  and 

u t i l i t y  s u p p o r t ,  c o s t s  would remain s u b s t a n t i a l l y  unchanged. 

An e x c e p t i o n  t o  t h e s e  s t a t e m e n t s  must be madc in t h e  case of t h e  CEC 

p r o c e s s  f o r  s e p a r a t i n g  t h e  a c t i n i d e s  from t h e  L r i v a l e n t  l a n t h a n i d e s .  This 

p r o c e s s ,  which is  v e r y  bulky and unwieldy, i s  u n f o r h u n a t e l y  t h e  most 

e f f e c t i v e  method f o r  achiev ing  t h e  r e q u i r e d  s e p a r a t i o n ,  Mowever, i o  a l o n e  

a c c o u n t s  f o r  about  25% of t h e  cos t  of t h e  WTPs. Thus, i f  p a r t i t i o n i n g  

were implemented, t h e  overal l .  p a r t i t i o n i n g  scheme would probably  b e n e f i t  

s u b s t a n t i a l l y  from the development of a n  a l t e r n a t i v e ,  l iqu id-phase  p r o c e s s .  

The p r i n c i p a l  p o i n t  t o  be emphasized i-n t h i s  s e c t i o n  i s  t h a t  t h e  

development of a l - t e r n a t i v e  p a r t i t i o n i n g  processes, with t h e  exception of 

CEC,  i s  n o t  expected t:o s u b s t a n t i a l l y  change t h e  costs o r  d i f f i c u l t i e s  

i n h e r e n t  i n  p a r t i t i o n i n g  a c t i n i d e s  from a v a r i e t y  of f u e l  c y c l e  wastes. 

The combinat ion of a n  advanced p r o c e s s  t o  r e p l a c e  CEC and t o t a l l y  o p t i -  

mized p r o c e s s  flowsheets might: o p t i m i s t i c a l l y  r e s u l t  i n  a 50% r e d u c t i o n  

i n  the s i z e  and c o s t s  of t h e  WTFs w h i l e  improving o p e r a b i l i t y  to s o m e  

e x t e n t ;  however, a b e n e f i t  of t h i s  magnitude does n o t  appear  l i k e l y  and 

shou1.d b e  regarded  as an upper bound on t h e  cos t  r e d u c t i o n .  
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Transnuit a i  i o n  can b e  d c f  i ned  as i he convers ion  of pari i ~ i o n e d  long - 
l i v e d  n u c l i d e s  t o  sho r t  - l i v e d  01 s tab1  e n u c l  id25 by i r r a d i a t i o n  wi i l l  

necli rons .  T l i a t  i s ,  1 lie m c l i d e s  are recover4  f a b r i  c a t e d ,  i r r a d i a t e d ,  

and reprocpssed  a c y c l r  which is repca tpd  i n d e f i n i t e l y .  Each t i m e  

iiirough, some of  t h e  long- l ivcd  s p e c i p s  are d ~ s t i - o y e d .  Transmutat ion 

complements p a r t i t i o n i n g  i n  that i t  provides  t h e  inerhanisrn f o r  e l i m i n a t i n g  

t h e  h a g - l i v e d  n u c l i d e s  r e r o v e r e d  I r o m  t h e  was tes  by ch;. p a r t i t i o n i n g  

p r o c e s s e s .  i f  P-T i s  p e r s i s t e n t l y  p a s u e d ,  t h e  r e s u l t  w i l l  b e  L O  e l i m i -  

na tc  e s s e n t i a l  l y  a l l  of the p o t e n t i a l l y  t r o u b l e s ~ m e  n u c l i d g s  from rad io-  

a r t i v s :  wastes via convers ion  Co nucJides t h a t  w i l l  decay t o  innocuous 

l e v e l s  wj t h i n  I thousand yzars. 

A s  i n  p a r i i t l o n i n g ,  t h e  p r i n c i p a l  c a n d i d a t e s  f o r  transiiuitation are 

. V i r t t i a l l y  a11 t h e  o t h e r  inter- l l g l  t h e  t ransui an ic  a c t i n i d e s  , ''*1.c and 

mediaLe. l i v e d  and loiig - 'lived r i w i i d z s  are IiOt aiienabl P t o  t r a n s m u t a t i o n  

because  of t h e i r  small r a p t u r e  c ross  s e c t i o n s  and/or  because i s o t o p i c  

separal ion would be r e q u i r e d  b e f o r e  t raasmutat  i o n .  Examples or' n u c l i d e s  

i n  t h i s  cagegory are l L c ,  "Sr, 13 i 
cs ,  and 85kr .  

Transurutati  on i s  g e n e r a l l y  accomplished by (1) s e p a r a t i n g  and T E C O -  

vel-tng (par- t : i t ioni i ig)  t h e  n u c l i d e s  of i n t e r e s t ,  (2) f a b r i c a t i n g  them i n t o  

an  a p p r o p r i a t e  fuel. form, ( 3 )  i r r a d i a t i n g  t h e m  in some t y p e  of rreutron- 

produci-ng device,  and ( 4 )  r e p r o c e s s i n g  t:he i r r a d i a t e d  fuel 130 r e c o v e r  rhe 

untransmu'ttid n u c l i d e s .  The (shor ~-1 . ived)  traasmutatlon p r o d u c t s  are s e n t  

t o  wa.ste d i s p o s a l .  Thus, as long  as the long- l ived  n u c l i d e s  are being  

g e n e r a t e d  i n  t h e  f u e l  c y c l e ,  t h e  r e c y c l e  of these niacl.ides f o r  t ransmuta-  

t i o n  purposes  must c o n t i n u e -  

T h i s  s s c t i c n  cons I :  i-Lutes a summary d e s c r  iy t i o n  of the r e s u l t s  of the  

t rznsmut-at ion studies Irhat have been conducted t o  date, b o t h  by ORNL 

(under the a u s p i c e s  o f  t h e  P-T p r o j e c t )  and by independent i n v e s t i g a t o r s .  

T h i s  dlsci.issioa will be 1-imited t o  a cons idera- t  ion of the overal .1  tree;ds 

and e f f e c - t s  observed i n  transmt-i:ng long- l ived  n u c l i d e s ;  ~ e l ~ i t i ~ e l y  l i t t l e  

emphasis will. be gi-vea t o  s p e c i f  i.c composi t ions.  The re;ade-rs who are 
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l f i t h i n  t h e  area of a c t i n i d e  t r a n s m u t a t i o n ,  t h e  mosl- h e a v i l y  s t u d i e d  

t r ansmuta t ion  dev ices  are 'Lf.IPHKs 5 ollowed successive1.y by LWRs and 

o t h e r  neutron-producing d e v i c e s .  

I n  an  overa l l .  s e n s e ,  many of t h e  t r ansmuta t ion  s t u d i e s  documented i n  

t h e  open l i t e r a t u r e  are uncoordinated and s imply repeat work a l r e a d y  p e r -  

formed by o t h e r s .  Fu r the rnore ,  v i r t u a l l y  a l l  of them s u f f e r  f r o m  a s i n g l e  

m a j o r  d e f i c i e n c y  i n  t h a t  t h e  t r ansmuta t ion  f u e l  cycle under c o n s i d e r a t i o n  

i s  n o t  s r ~ P ~ ~ e d "  w i t h  r e s p e c t  t o  t h e  a c t i n i d e s  be ing  t ransmuted.  For 

example, i n  many s t u d i e s  t h e  t r ansmuta t ion  e f f i c i e n c y  i s  measured by 

de termining  t h e  d i f f e r e n c e  between t h e  i n i t - i a l  and the f i n a l  masses of 

w a s t e  a c t i n i d e s  ( i . e . ,  neptunium, americium, and curium).  However, t h i s  

approach i s  n o t  v a l i d  s i n c e  some of the waste a c t i n i d e  n u c l i d e s  produce 

e i t h e r  uranium o r  plutonium v i a  neu t ron  c a p t u r e  or decay.  I n  such cases, 

t h e  w a s t e  a c t i n i d e s  are n o t  f i s s i o n e d  bu t  y e t  are n o t  counted i n  the re- 

s i d u a l  waste a c t i n i d e  mass. 

The f u e l  c y c l e  is  a l s o  n o t  c losed  i n  i n s t a n c e s  where t h e  plutonium i s  

s t o r e d  o r  t r e a t e d  as a w a s t e  and i s  not r e c y c l e d  f o r  t r a n s m u t a t i o n .  Re- 

p o r t i n g  and a n a l y s i s  of t r ansmuta t ion  r e s u l t s  on t h i s  b a s i s  y t e l d  s p u r i o u s  

t r ansmuta t ion  rates t h a t  are nos v a l i d  f o r  comparison with t h e  r e s u l t s  of 

other  s t u d i e s .  These d e f i c i e n c i e s  g e n e r a l l y  make i t -  n e c e s s a r y  t o  d e s c r i b e  

and e v a l u a t e  t ransmutat j -on only  in combination w i t h  exper ienced  judgment 

and t o  r e p o r t  t h e  r e s u l t s  q u a l i t a t i v e l y  o r  i n  t e r m s  of t r e n d s .  

3 I 2 A c t i n i d e  Transmutat  i.on i n  LNRs 

LVRs w i l l .  form. t he  basis of t h e  n u c l e a r  power r e a c t o r  system i n  the  

IJnited S t a t e s  f o r  t h e  finmediate f u t u r e .  S t u d i e s  of t r a n s m u t a t i o n  i n  LWRs 

have been l i m i t e d  i n  the p a s t  because (1) t h e  n e c e s s i t y  o f  accoun t ing  f o r  

c r o s s - s e c t i o n  and neu t ron  spectrum changes made t h e  c a l . c u l a t i o n s  onerous,  

and (2)  most i n v e s t i g a t o r s  i n t u i t i v e l y  concluded t h a t  t h e  ha rd  (h igh-  

energy)  neu t ron  spectrum i n  t h e  F B R s  would y i e l d  h ighe r  t r ansmuta t ion  

rates and thus  concen t r a t ed  on t h e m .  However, in l i .ght of t h e  substan-"  

t i a l  number of LWKs current3.y i n  e x i s t e n c e  and those expec ted  to be 

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

t h e s e  systems be c h a r a c t e r i z e d .  
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Unfo r tuna te ly ,  a long  w i t h  t h e  absence  of a c losed  system w i t h  re- 

s p e c t  t o  t h e  a c t i n i d e s  (see S e c t .  3 * 1 ) ,  v i r t u a l l y  a11 L'XR t r ansmuta t ion  

s t u d i e s  s u f f e r  from ano the r  def ic- iency t h a t  h a s  been i d e n t i f i e d  only rc- 

c e n t l y .  That  i s ,  an  i n c o r r e c t  c r i t e r i o n  was used as t h e  b a s i s  f o r  esrab- 

l i s h i n g  t h e  f u e l  enr ichment  i n  f u e l s  c o n t a i n i n g  r e c y c l e d  a c t i n i d e s .  Mnst 

o f  the s t u d i e s  used the b e g i n n i n g - o f - i r r a d i a t i o n  (ROZ) f u e l  c o n d i t i o n s  

t o  e s t a b l i s h  t h e  enr ichment ,  whereas t h e  e n d - o f - I r r a d i a t i o n  (Em) condi-  

t i o n s  are more c o r r e c t ,  a l t hough  much more t e d i o u s  and expensive t o  ca lcu-  

l a t e .  The d i f f e r e n c e s  can be s u b s t a n t i a l .  For example,  i f  the xi01 condi-  

t i o n s  are used,  about  4% 235U i s  r e q u i r e d  i n  t h e  f i f t h  actinide r e c y c l e  i n  

a d d i t i o n  to t h e  plutonium be ing  r e c y c l e d .  However, i f  t h e  E O 1  c o n d i t i o n s  

are used,  t h e  r e q u i r e d  235U enr ichment  is only  0.7%. 

s t a n t i a l l y  a f f e c t s  the n e u t r o n  € l u x  l e v e l  (i.e. t h e  t r a n s m u t a t i o n  ra te)  
237 and t h e  r e c y c l e d  a c t i n i d e  composi t ion through t h e  p roduc t ion  rate o f  Wp. 

However, as noted  p r e v i o u s l y ,  a c c u r a t e  q u a l i t a t i v e  in fo rma t ion  concerning 

a c t i n i d e  t r a n s m u t a t i o n  i n  the rma l  r e a c t o r s  can be ob ta ined  from t h e s e  re- 

s u l t s  by e x e r c i s i n g  c a u t i o n  and app ly ing  exper ienced  judgment.  

Th i s  d i f f e r e n c e  stib- 

3.2,1 A c t i n i d e  r e c y c l e  modes 

Four p r i n c i p a l  methods are cons ide red  f o r  r e c y c l i n g  a c t i n i d e s  i n  LWRs : 

1. d i s p e r s i n g  t h e  a c t i n i d e s  homogeneously throughout  t h e  e n t i r e  

f u e l  r e l o a d ,  

2 .  d i s p e r s i n g  t h e  a c t i n i d e s  homogeneously i n  on ly  t h e  MOX f u e l ,  

3 .  concent ra . t ing  t h e  r ecyc led  w a s t e  a c t i n i d e s  i n  t a r g e t  rods  with-  

i n  an o the rwise  o r d i n a r y  f u e l  assembly,  and 

4 .  c o n c e n t r a t i n g  t h e  r e c y c l e d  waste a c t i n i d e s  i n  t a r g e t  r o d s  t h a t  

are subsequen t ly  used t o  make up a t a r g e t  assembly.  

In  t h e  f i r s t  two methods, t h e  a c t i n i d e s  i n c l u d e  a l l  of the plutonium gen- 

e r a t e d  i n  t h e  r e a c t o r .  In t h e  last  two methods, plutonium is eKcluded 

from t h e  t a r g e t s  b u t  i s  recyc led  i n  a normal manner ( i . e . ,  as MOX f u e l ) .  

The advantages  and d j sadvan tages  of each  of t h e s e  r e c y c l e  modes are sum- 

marized i n  Tab le  3.1. 



66 

T a b l e  3.1. Advantages and d i s a d v a n t a g e s  of v a r i o u s  
LXR a c t i n i d e  r e c y c l e  modes 

A c t i n i d e  r e c y c l e  
mode Ad vat1 tag2 s D i s  advantnges 

Homogc?.neous d i. sp  er sa 1. 
i n  a l l  f u e l  

Homogeneous d i s p e r s a l  
i n  MOX f u e l  

T a r g e t  rods i n  a n  
o r d i n a r y  assembly 

'Target: rods i n  a 
t a r g e t  assembly 

1. Maxkmw t ransmuta-  

2 - Maxirnuiu a c t i n i d e  
t i o n  r a t e  

d i lu l . ion ;  thea-=fare, 
miniiilcnm impact on 
f u e l  behavior  and 
minimum r n d i a t i u i i  

1. Minimized f u e l  rp- 
qui  K i n g  remote 
f abr i c a t  i on 

2 Accepi-able t i -ansmu - 
t a t i o n  rdte  

3. A c t i n i d e s  s t i l l  
r c l - a t i v e l y  d i l u t e  

1. A l l o w s  most f u e l  Iro 
be handled normally 

2 .  A1 lows € o r  s p e c i a l  
p-roressing f o r  tar -. 

3. Acceptable  transmu - 
get  Prods 

t a t i o n  ra te  

1. Does n o t  r e q u i r e  
t a r g e t  rod insert- - 
i o n  and removal 

2 .  A l l o w s  f o r  special .  
process i.ng 

1. Remote f a b r i c a t i o n  
of fueJ  r e q u i r e d  be- 
calls2 of the h igh  
r a d  iat i o n  Jkve 1 

1. ~ Lower € l u x  i n  the MOX 
assembly t h a n  i n  t h e  
f i r s t  r e c y c l e  mode 

1. Lower t r a n s m u t a t i o n  
ra te  t1ian t h e  nbovc 
modes 

2 S p e c i a l  p r o c e s s i n g  
f a e i l i r -  i (2s needed 

3 .  Fuel behavior  
nncert  r l i n t i e s  

4 .  Rods must be removed 
from assembly befor@ 
r e p r o c p s s i n g  and 
r e i n s e r t e d  bef o r e  
i r r a  iliat i o n  

J .  P o s s i b J y  unaccept-  
a b l y  low transmuta-  
t i o t i  rates 

2.  L-"ow~r  peaking proli- 
7ems w i t h i n  assembly 

3. Extreiucly h igh  r a d i -  
a t i o n  levels 

4 .  Fuel. behavior 
U i l l c P 2 ^ t a i A i  ies 



on a p re l imina ry  y u a l ~ f t a t i v e  evaluat3'on, i t  wou1.d appear  t i r a t  

r e c y c l e  mode i s  preferred over the o t h e r s .  The f i r s t  mode does 

t ransmutst iorz  rate tlrat i :; s u f f i c i e n t l y  g r e a t e r  t h a n  t h a t  of 

the p r e f e r r e d  opti .on t o  j u s t i f y  the extra f a b r i c a t i o n  c o s t s  i.nvolved. 

t h i r d  r e c y c l e  mode (target rods) requires i n s e r t i o n  and remcval of t h e  

r o d s  bo th  be for t?  and after irr 'zidiation and special, snal.1.-scale p rocess ing  

Eaci l i t ies ;  i n  a.dditican., i t  has a much. greater potent . ia l_  for f u e l  behavrios 

problems. The f o u r t h  op t ion  a l s o  r e q u i r e s  t h e  special. p r o c e s s i n g  f a c i l i -  

t i e s  arid. is  sub.ject to the same t-ypes of po ten t i . a l  fuel. b e h a v i o r  problems. 

j7~rt:li.et: i t  has problems w i t h  p u w r  peaking and  a markedly I.ower transmu- 

tat.:iun rate. 

The 

3 2 .) 2 ~ Fael _^" enrichment FKptFemmts 

As noted at  .t:hcz. beginning of S e c t ,  3 . 2 ,  v:i.rtually al.1. of t h e  LWR 

ac.ti.nide transmuta.ti.tsra s t u d i e s  conducted to date are d e f i c i e n t  i n  t h a t  

they used t h e  i n i t i a l  f u e l  c o n d i t i o n s  t o  de te rmine  fuel  enrichment  i .ns tead  

of the f i n a l  f u e l  condi.tioris. T h i s  makes a s u b s t a n t i a l  difference 3.n t h e  

enrichment  requirements i n  the 1'-T c y c l e  sirice t h e  amount of f i s s i l e  

material i n  t h e  fue.1 a s sembl i e s  containing TRU a c t i n i d e s  does  n o t  dee3.ine 

a.s r a p i d l y  as t h a t  i n  e i t h e r  a normal UO o r  MOX f u e l  assembly. Thus, 

because  i t  is  desirable to have a l l  f u e l  assmiblies s u b c r i t i c a l  t o  t h e  

same e x t e n t  at the  E O I ,  t h e  inilrial degree  i:tf c r i t i c a l i t : y  can be less 

i n  t h e  P-T assembly than i.n the MOX assemb1.y. 

2 

Based on 3-hired analyses, i t  appears thak  the e x t r a  enr ichment  

r equ i r emen t s  of a I"-T fue l  assemb3y nmy he  somewhat g r e a t e r  o r  less than  

that of a r e f e r e n c e  MOX assembly,  depending p r i n c i p a l l y  on the cycle 

c o n s i d e r e d ,  

ment i n  the P-T assembly w a s  2.92 in t h e  f i r s t  r e c y c l e  (as compared with 

t h e  r e f e r e n c e  v a l u e  of 0.72) b u t  ha dropped Lo 0.7% by the f i f t h  recycle 

and showed s i g n s  of con t inu ing  t o  decrease . .  The lower enrichment  r e q u i r e -  

ments r e s u l t  from t h e  enhanced b u i l d u p  of more f i s s i l e  species, p r i n c i -  

p a l l y  plutonliun, d u r i n g  later recycles. The overall conc lus ion  i s  t h a t  

the  enrichment  p e n a l t y  f r o m  t r ansmut ing  actinides i n  a PWR is  not large 

and can  be e i t h e r  p o s i t i v e  o r  n e g a t i v e ,  depending on t h e  r e c y c l e  examined. 

For example, i n  a case studi.ed by Gorrell,3 t h e  235U en r i ch -  



I n  l i g h t  o f  t h i s ,  i t  would seem a p p r o p r i a t e  t o  cons ide r  this p e n a l t y  t o  

be ze ro .  

3.2.3 ChanPes i n  f ~ e l  composi t ion 

T h i s  s e c t i o n  i s  in tended  t o  b r i e f l y  suiimarize t h e  f u e l  composi t ion 

changes r e s u l t i n g  Irom t h e  r e c y c l ~  of t h e  waste a c t i n i d e s .  The r e c y c l e  

of t h c  neptunium, a long  w i t h  t h e  use of r e c y c l e d  uranium ( c o n t a i n i n g  236U) , 
has one predominant e f f e c t :  i t  i n c r e a s e s  t h e  238Pu ( h a l f - l i f e  = 88 y e a r s )  

con ten t  of t h e  plutonium from about 2% i n  t h e  r e f e r e n c e  case t o  8% i n  t h e  
2 4 2  P-l c a s e  ( inc l i id ing  the effect s of Cm rneni- ioned below). 

‘The r e c y c l e  of americium h a s  r e l a t i v e l y  f ( ~ w  d i r e c t  e f f e c t s  except  

t h a t  i t  produces curium and i s  a s i g n i f i c a n t  neu t ron  po i son .  

The r e c y c l e  oE curium has m u l t i p l e  e f f e c t s .  One of t h e s e  i s  t o  in -  

c r e a s e  the  amounts of &I ( h a l f - l i f e  = 163 days )  i n  t h e  r e a c t o r ,  which 

i n  t u r n  i n c r e a s e s  the amounts of 238Pu, it:s decay progeny. A second e f -  

242 

feel: is  t o  increase .  t h e  c o n c e n t r a t i o n s  of 2423244cnl i n  the Fuel.  Xoth of 

t h e s e  .nuc l ides  are ma jo r  c o n t r i b u t o r s  t o  decay h e a t  and a l s o  dominate 

n e u t r o n  a c t i v i t i e s  du r ing  t h e  f i r s t  few r e c y c l e s .  A t h i r d  e f f e c t  is t o  

a l l o w  t h e  bui ldup  of h igh ly  f i s s i l e  245Cia,  a s i g n i f i c a n t  c o n t r i b u t o r  t o  

t h e  d e s t r u c t i o n  of t h e  t r a n s p l u t o n i c  waste a c t i n i d e s .  ‘The f i n a l  e f f e c t  of 

curium r e c y c l e  i s  t o  produce v a r i o u s  i s o t o p e s  of c a l i f o r n i u m ,  p a r t i c u l a r l y  

252@f. 

c y c l e s  

c u l t y  i n  handl ing  r-T f u e l  materials. 

This  i s o t o p e ,  which on ly  beg ins  t o  be s i g n i f i c a n t  a f t e r  a f e w  re- 

i s  an  i n  tense neu t ron  emitter which can cause  c o n s i d e r a b l e  d i f  f:i.- 

I n  an elemental. s ense ,  r e c y c l e  of t h e  w a s t e  a c t i n i d e  t ends  t o  reduce  

the neptunium-americium f r a c t - i o n  of t h e  r ecyc led  a c t i n i d e s  and increase t h e  

plutonium-curium-cal i fornium f r a c t i o n .  C a l c u l a t i o n s  made by t r a c k i n g  t h e  

waste a c t i n i d e s  and their  progeny independent ly  of “ fue l  ’‘ uranium and 

plutonium show t h a t ,  a f t e r  ten r e c y c l e s ,  t h e  plutonium ( ~ 5 0 %  238Pu) con ten t  

has i -ncreased t o  40X. This  i s  t h e  r eason ,  as mentionc?d ear l ier ,  t h a t  t h e  

a c t i n i d e  r e c y c l e  s c e n a r i o  must bc c l o s e d  w i t h  respect t o  uranium and p l u -  

tonium i f  mean ingfd  r e s u l t s  are t o  be ob ta ined .  



3.2.4 Transmutat ion rates 

Th i s  s e c t i o n  summarizes b r i e f l y  t h e  t r a n s m i t a t i o n  rates that can be 

expec ted  from a c t i n i d e  r e c y c l e  i n  a PTJII. The expec ted  t r a n s m u t a t i o n  rate 

i s  about  5 t o  7% p e r  fu l l -power  y e a r  of i r r a d i a t i o n .  I f  w e  assume a 75% 

r e a c t o r  c a p a c i t y  f a c t o r  and 3 y e a r s  ( c a l e n d a r )  i n  t h e  r e a c t o r  fol lowed 

by 2 y e a r s  ou t -o f - r eac to r  ( f o r  decay,  reprocessing/partitioning, and re- 

f a b r i c a t i o n / p a r t i t i o n i n g ) ,  t h i s  amounts t o  about  2 .5  t o  3.5% p e r  ca l enda r  

yea r .  These v a l u e s  imply t h a t ,  a t  s t e a d y - s t a t e  s e l f -gene ra t ed  a c t i n i d e  

r e c y c l e  (where a c t i n i d e s  are be ing  f i s s i o n e d  a t  t h e  s a m e  rate t h a t  they  

are be ing  produced) ,  about  1 t o  2% of t h e  P-T MOX f u e l  a s sembl i e s  w i l l  

be comprised of w a s t e  a c t i m i d e s .  T h i s  rate w i l l ,  of c o u r s e ,  depend on 

the i n p u t  composi t ion  of t h e  a c t i n i d e s .  

3.3 Transmutat ion of I o d i n e  and Technetium 

R e s u l t s  of t h e  i n c e n t i v e s  a n a l y s e s  conducted as a p a r t  of t h e  ORNL 

P-T prograin i n d i c a t e  t h a t  99Tc and '''1 are t h e  two major c o n t r i b u t o r s  

t o  t h e  r i s k  from a geo log ic  r e p o s i t o r y .  Although t h e s e  n u c l i d e s  are n o t  

t h e  p r i n c i p a l  concerns  of t h i s  program, it seems a p p r o p r i a t e  t o  b r i e f l y  

d e s c r i b e  t he  r e s u l t s  of s t u d i e s  concern ing  t h e i r  t r a n s m u t a t i o n .  

I n  g e n e r a l ,  t h e  t r ansmuta t ion  of f i s s i o n  p roduc t s  i s  most e f f e c t i v e l y  

accomplished i n  a thermal. r e a c t o r  s i n c e  t h e  f l u x  - c r o s s - s e c t i o n  product  
( i .e. ,  r e a c t i o n  r a t e )  is  l a r g e r  i n  a thermal  r e a c t o r  t han  i n  a f a s t  re- 
a c t o r  and t h e  f i s s i o n - t o - c a p t u r e  r a t i o  is  i r r e l e v a n t .  Evidence of t h i s  

i s  r e a d i l y  appa ren t  i n  t h e  form of t h e  much Larger  po i son ing  e f f e c t  of 

t h e  f i s s i o n  p r o d u c t s  i n  a thermal  r e a c t o r  than  i n  a f a s t  r e a c t o r .  Accor- 

d i n g l y ,  t h e  i o d i n e  and technet ium t r ansmuta t ion  s t u d i e s  d e s c r i b e d  h e r e  

w i l l  on ly  c o n s i d e r  thermal  r e a c t o r s ,  s p e c i f i c a l l y  uranium-enriched PwRs. 

3 .3 .1  Transmuta t ion  of 95)Tc 

Technetium-99, which is produced as a r e s u l t  of t h e  f i s s i o n i n g  of 

a c t i n i d e s ,  is t h e  only technet ium i s o t o p e  t h a t  is  bo th  prese.nt  i n  s i g n i -  

f i c a n t  q u a n t i t i e s  (about  770 g/MTIHM) and i s  long- l ived  ( h a l f  - l i f e  = 
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99 
71  3: 000 y e a r s ) .  I n  i h r  n w l e a r  f u e l  c y c l e ,  Tc appears  predomindntly 

i l l  ti+ 'ILLW and d i s z o l v e r  s o l i d s ,  from whi rh  it w o u l d  be rc:i-ovPred and 

P" i n  p r e p a r a t i o n  L O L  i r a s m u t a t i o n  ( S r r t .  2 . 3 ) .  The form of t h e  

i -chnPtiiim d ~ i r  il:s i r r a d i a t i o n  has  i loi been i n v e s t i g a t e d  alrrhough t h e  

nl~?.ii i.; a l i k p l y  car ididate  s i n c e  i t s  : n c ~ l t i i ~ ~  p o i n t  i s  aboiil- 21.00 K.  

Calclllar i i J , i s  y i e l d  a traasmutation rate of 11% p e r  f u l l  power y e a r .  

K:1 . L92 and 0.006 g of 

1 2 9  
3. 7.2 Tirai ismut .  ai: iLoii of c 

~ ..... ... .._ .... ~ ~ - 

Todin?-128,  which has a half-life of 15.9 m i l l i t i r i  years,  i s  produced 
- x~?it of 19': g/M1 l!IM by f i s s i o i l i n g  a c t i n i d e s .  L t  i s  accompanied 

I? 7 1 7 9 L  by a b o i ~ i  61 g of sLdb1c 1 p e r  1ZTiFE.I. I n   lie i i u c l e a r  f u e l  c y c l e ,  

Cpn i- I v r e p o r t  a lmost  qii,ar[ i t s c l v e l y  t o  tiic d isso lver  of f - g a s  a d  

razz br Tenloved ~ . ~ i + _ h  a va Ly of t e c h n i q u e s  ( see  S e c t .  2 .3 ) .  Thc rorn of 

i o d i n e  a p p r o p r i a t e  ioi- Tnser t ion  i n t o  a r p a c t o v  i s  n o t  c l r n r  due t o  t h e  

p r o c l i v i t y  of joditit.> ~ o l n p o u n d s  t o  v o l a i i P i 7 e  OT decompose and t h e i r  

r o r r o s i v m r s s  ixiward v i r tc la l ly  a l l  m e t a l s  a t  e l e v a t e d  tmnperatilres. For 

c a l c u l a t i o n a l  p u r p o s e s ,  t h e  sodium iodide  (Na2) form h a s  bccn assumed. 

Transmutat ion ca1riilaB: ions y i e l d  a t ransmutat  ion ra te  of 3% p e r  

fill 1 -pooc.'er yeas .  The disc*tmi-ged tod ine  t a r g r i  ~ 1 x 1  had the followi-hag compo- 

s ic io i l  p ~ l r  k m i t j a ? .  k i logram of i o d i n e :  221 g of 104 g of 

1 . 1  g o f  1'8rlo, 18.1 g of 

composi t ion was 240 g of 127i ant1 760 g of 

1291 

12 a 
Xc, and 56.2 g of l3'Xee Tne i n i t i a l  i o d i n e  

1?91 

In sulnmary, t h e  fo l lowjng  problems 3rc associated w i t h  the  transmu1.a- 
t i o n  of '297: 

1. i o d i n e  and i o d i n e  compounds are c o r r o s i v e  tordard p o r e t z t i a l  

cladding aatrr i n l e ;  

2 .  m o s t  i o d i n c  cooliipourids BYP, decomposed o r  v o l a t i l i z e d  a t  LTdR 

o p c r n t i  Llg trmpC?'atures; 

3. L I P  xenot1 gas produced by t h e  t r a n s m u t a t i o n  w i l l  p u t  c u n s i d e r -  

ah19 stress on tlie claddSng i n  a cor ros tve  envi romcnt ,  and 

4 .  t h e  t ramsmxtat ion rate i s  very low, 



3 . 4  Other Ac t in ide  Transrnutatrion Keactors 

Three a d d i t i o n a l  classes of  reac:t:ors might be cons ide red  iaci ac tLnide  
transrnrilrae.:ion dev ices :  (I) t he rma l  reactor:; o t h e r  t h a n  1,Wlis; ( 2 )  f a s t  

r e a c t o r s ,  such as ].&fE’BRs; and ( 3 )  f u s i o ~  r e a c t o r s .  

3.4.1 Other  thermal. r e a c t o r s  
_I_ 

Two o t h e r  t ypes  of thermal. aci:ri.ni.de t r a n s m u t a t i o n  reactors, 33 0- 2 
rnodera.telrl r e a c t o r s  arid HTGRs , have 1,ee.a consi.dert.d i.n bri.e:f s t u d i e s  . 

3.4-  1. ~ 1 D 0-moderated r e a c t o r s .  . .. -2 Two heavy w a t e r  reactors have been 

b r i e f l y  examined : a Savannah R t v e r  Plant (SRP) pn:oduc.tion reac.tor and 

R CANSflP r e a c t o r  I The SIC? prcaduct.:i.cm reactor is a. specia1.l.y &isbgned, 

high-power-density E h igh- f lux  r e a c t o r  ope ra t  I.ng at atmospheric  pressure. 

AS a r e s u l t  O€ t h e  h igh  fI.iix, i i l s  transmutation rate i s  qu i . t e  h igh  as 

compared w i t h  o t h e r  t he rma l  r e a c t o r s .  However, t he  tisf: of th:ks type of 

r e a c t o r  a s  a t r a n s m u t a t i o n  d e v i c e   entail.^ se.veral s u b s t a n t i a l  pe t ia l . tFes  

n o t  present :  i n  c o m e r c l a l  r e a c t o r s  e These penal.tj.es can b e  stimmariized 

as follows:: 

1 .  SRP prodrir t ion reactors do n o t  produce usable  po~crer or beat e 

Thus the e n t i r e  c o s t  of 1)uildi.rig and o p e r a t i n g  the reactor 

rnust be allocated t o  t r a n s m u t a t i o n .  

2.  At ta inment  of t h e  h i g h  f luxes  r e q u i r e s  t h e  use sf h i g h l y  

en r i ched  uranium as t h e  d r i v e r  f u e l ,  

3 .  If the waste a c t i n i d e  l o a d i n g s  are no t  kept  small, t h e  high 

neut ron  f lux  w i l l  be sex i o u s l y  degraded. 

Such penal t ies  make t h e  ID 0-moderated r e a c t o r  u n a t t r a c t i v e ,  c s p c c i a l l y  

when insertion of t h e  a c t l n i d e s  i n t o  coinmercial thermal r e a c t o r s  does 

n o t  cause  any s u b s t a n t i a l  d i f f i c u l t i e s .  However, t h i s  conc lus ion  might 

be a l t e r e d  i f  i t  were p o s s i b l e  t o  b u i l d  a high-flux reactor t h a t  produced 

enough usable  power t o  pay f o r  i t s e l f .  

2 

I 

*An e x i s t i n g  Canadian commercial  r e a c t o r  f u e l e d  w i t h  n a t u r a l  uranium 
and noderated w i t h  heavy water. 



7 2  

A plutonium-recycle  CANIJ'IS r e a c t o r  has been stiidi.ed b r i e f l y  as an 

acti.ni.de transruixtiation d e v i c e .  Overall,  i.ts perf  orinawe a p p e a r s  20 be 

about  t h e  same as that of LWRs when o p e r a t i n g  on t h e  same a c t i n i d e  compo- 

s i t i o n  and m a s s .  However, when o p e r a t i n g  i n  t h e  s e l f - g e n e r a t e d  a c t i n i d e  

r e c y c l e  mode, i t  a p p e a r s  Lo b e  somewhat b e t t e r  than I.,hXs because of t h e  

l o w e r  a c t i n i d e  p r o d u c t i o n  rat62 r e s u l t i n g  f r o m  t h e  low f u e l  burnup. 

3.4.1.2 H ~ ~ & - t e m p e r a t u r e  ._..._...-_I__ gas-cool.ed r e a c t o r s .  ^ HTGRs have been 

s t u d i e d  i n  a v e r y  p r e l i m i n a r y  f a s h i o n  f o r  u s e  as t r a n s m i t a t i o n  d e v i c e s .  

The a c t i n i d e  t r a n s m u t a t i o n  ra tes  achi-evable  i n  an BTGR are somewhat 

h i g h e r  t h a n  t h o s e  i n  a LITR, p r i n c i p a l l y  because of the somewhat h i g h e r  

f l u x  l e v e l s  i n  the former.  

3.4.2 Past-f  i s s i o n  reacl:ors -. . . . .- (LMFBRs) _. ... . . -. .. . . . . . . ..... .- 

The Ll4FBK i 4 unques t ionably  t h e  most i n t e n s i v e l y  s t u d i e d  transrnuta- 

t i o n  d e v i c e .  T h i s  emphasis w a s  p r i n c i p a l l y  a r e s u l t  of t h e  i n t u i t i v e  

judgment t h a t  t h e  h i g h  a c t i n i d e  f i s s i o n - t  n-capture  r a t i o  r e s u l t i n g  from 

t h e  high-energy n e u t r o n  spectrum would transmite (i . e .  f i s s i o n )  t h e  

a c t i n i d e s  m n r e  q u i c k l y  w i t h  less impact L ~ J I S  would LWKs. These conten- 

[.ions have g e n e r a l l y  been borne  o u t ,  a l t h o u g h  the d i f f e r e n c e s  are n o t  as 

grrc- t t  as had been hoped. 

A q u a l i t a t i v e  comparison of a c t i n i d e  t r a n s m u t a t i o n  i n  LWBRs w i t h  
t h a t  i n  LWRs i.s g i v e n  i n  'Table 3 .2  f o r  t he  most impor tan t  c h a r a c t e r i s t i c s  

of a t r a n s m u t a t i o n  system. In summary, the b r e e d i n g  r a t i o  and f i s s i l e  

makeup a t t r i b u t e s  are n o t  s i g n i f i c a n t  f o r  e i t h e r  r e a c t o r .  The LWFh are 

c l e a r l y  favored  w i t h  r e g a r d  t o  a v a i l a b i l i t y  due t o  tiheir widespread deploy- 

ment at p r e s e n t  and t h e i r  l i k e l y  cont inued  deployment. A l l  of  t h e  o t h e r  

c h a r a c t e r i s t : i - c s  favor  t h e  TAFBR, a l t h o u g h  none is s u f f i c i e n t l y  d e t r i m e n t a l  

t o  t h e  LWR t o  p r e c l u d e  i t s  u s e .  The U F K K  t r a n s m u t a t i o n  ra te ,  a l t h o u g h  

g e n e r a l l y  l a r g e r  t h a n  i n  the EWR, does not j u s t i f y  an  Q4FBR economy on 

t h i k  b a s i s  a l o n e .  However, it i s  e q u a l l y  clear that i f  LMFBRs w e r e  t o  

exi .s t  a t  t h e  t i m e  when P-'T w a s  be ing  implemented, t h e y  would be p r e f e r r e d  

as t r a n s m u t a t i o n  d e v i c e s .  
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Table  3 .2 .  Q u a l i t a t i v e  comparison of a c t i n i d e  r e c y c l e  i n  
an  LWR and a n  I.,WKR 

Char act  er is  t i c x 4 w R  LMFBR 

Transmuta t ion  rate About 5 t o  7% pe r  f u l l -  About 5 t o  11% p e r  f u l l -  
power y e a r  of i r r a d i a t i o n ;  power y e a r ;  u s u a l l y  
depends on a c t i n i d e  com- 
p o s i t i o n  and recyc.1.e mode 

higher t h a n  LWR;  depends 
on a c t i n i d e  cornposit ion 
and r e a c t o r  d e s i g n  

F i s s i l e  makeup 
r equ i r emen t s  

Rreeding/convers ion  
r a t i o  e f f e c t s  

Neutron a c t i v i t y  of 
r e c y c l e d  a c t i n i d e s  

Power peaking 

Long-term v i a b i l i t y  

Ex t ra  f i s s i l e  makeup 
r e q u i r e d  du r ing  First 
f e w  r e c y c l e s ;  s m a l l  
f i s s i l e  b e n e f i t  i n  
l a te r  c y c l e s  

Very small. e f fec t :  

14 t o  10 n e u t r o n s  
pe r  second per metric 
t o n  of r e c y c l e d  
act i n i d e s  

S i g n i f i c a n t  i n  a l l  ex- 
cep t homogeneous d i s- 
p e r s a l  :in a l l  fuel; en- 
r ichment  g rad ing  proh- 
a b l y  r e q u i r e d ;  most 
d i f f i c u l t  i n  t a r g e t  
assembly 

Limited due t o  t h e  con- 
t i n u o u s  need f o r  Fissile 
material ( i . e . ,  2 3 5 ~ )  

S m a l l  Eissile b e n e f i t  

Very s m a l l  e f f e c t  

F a c t o r  of 10  to 100 
lower t h a n  t h e  PAR 
ac t i n  i d  e s 

V i r t u a l l y  non e x i  s t en t i f  
a p rope r  amount of  
d i l -uen t  ( e . g . ,  U 0 2 )  is 
used f o r  t h e  r e c y c l e d  
a c t  i n i d  RS 

Very good; l i m i t e d  on ly  
by t h e  a v a i l a b i l i t y  of 
238U o r  thorium 



F i n a l l y ,  a tuajm disadvantage  of t h e  LTrJa is i.ts l i m i  

p o t e n t  La?. as a t r a n s m u t a t i o n  d e v i c e  due t o  t h e  l i m i t e d  a v a i l a b i % l t : y  o f  

nai i i i ra l ly  o c c u r r i n g  f i s s i l e  materials reqi.ii.red f o r  f u r ?  + S i n c e  imp 1.e- 

rncnlration of P-T wonld n o t  b e  expected u n t i l  a f t e r  the yeat: 2090, t h e  

the remaining l i f e t i m e  of *ihe LW. wi:Lh r e s p e c t  t . i l  transrnuLati.on would 

be r e s t r i c t e d  t o  perhaps  1i.ve o r  s i x  c.yc1.e~ (at 5 y e a r s  per c y c l e )  beFore 

tihe number of LWRs would b e g i n  t o  d e c l i n e .  

3 . 4 , 3  ~~. Other  . . . . . . transrn~tati,o?l.-,d~eviees . . . . . . . . . . . . 

Several neutron-generat  i n g  d e v i c e s  ot h a -  than f is:: I on r e a c t o r s  have 

a7 so been proposed a n d  b r i p f l y  s t u d i p d  .zs transiiiritation d r ' v i r e s .  These 

d e v i  r e s  fall i n t  t h r e e  c a t p g n r i s s  : (1) Egtsion rear1 01-5 (2) p a r t i c l e  

a c c e l e r a t o r  dcv i ces,  and (3) rxiiclear euplosives. 

3.4 3.1. Fusion .___ r e a c t o r s .  ~- The use of f u s i o n  r e a c t o r s  as trancrn-ria!:a-- 

t i o n  d e v i c e s  h2s been s t u d i e d  by seueral o r g a n i z a t i o n s  durr i.ng t h e  p a s t  

few y e a r s .  Virttial.ly a l l  o f  t h e s e  st-tuiies have assumed t h e  use of a 

tokamak-.type fusi.on r e a c t o r  w t t h  t h e  a c t i n i d e s  a r ranged  i n  a n n u l a r  b lan-  

k e t s  around t h e  Lorus. A s  a resul t  of i t s  v e r y  hi2l.i. n e u t r o n  €luxes, t h e  

fusi .on r e a c t o r  : i . n i t i a l l y  appeared t o  be v e r y  a t t r a c - t l v e  as a transmatation 

d e v i c e .  HQTJOIWIC~ r e c e n t  work us ing  more s o p h i s t i c a t e d  ca lcu la t iona .1  

methods sh0we.d. t h a t  the a c t u a l .  t r - anmuta t ion  rates we.re n a t  n e a r l y  as  h i g h  

as indi -ca ted  previouslj.. T h i s  e f fec t  appears ts be a r e s u l t  of t h e  s h a r p  

d e c l i n e  of the neiitrijn f l u x  as i t  passes tlirouah t h e  a c t i n i d e  bJ-anket be- 

c a u s e  the  b l a n k e r  is  s u b c r i - t i c a l .  The p o r t i o n s  of the b l a n k e t  n e a r e s t  t h e  

to r t i s  w a r e  hig1il.y- i r r a d i a t e d  whereas th .ose  f a r t h e s t  from t h e  t o r u s  were 

v i r t u a l l y  untouched The c o n c l u s i o n s  w e r e  tha t  a c t i n i d e  t r a n s m u t a t i o n  

i n  f u s i o n  r e a c t o r s  w i t h  w a l l  loa.diilgs on t h e  o r d e r  of 1 MW/m w a s  margin- 

a l l y  a c c e p t a b l e  ( t ransrmi ta t ion  rates appear  to be about  8% p e r  ful l -power 

y e a r )  b u t  t h a t  wall l o a d i n g s  on t h e  o r d e r  of 10 MW/m w e r e  n e c e s s a r y  i:s 

make a c t i n i d e  t r a n s m u t a t i o n  i n  f u s i o n  r e a c t o r s  attract: L-ve. Bmrever  a t  

these h i g h e r  w a i l  loadings:  heat removal and rad ia l :  i - t r r i  damage conaidera-  

t i o n s  may r e q u i r e  tha; t h e  a c t i n i d e  dens l ty  i n  t h e  bI.anket be s h a r p l y  

reduced t o  m a i n t a i n  an a c c e p t a b l e  powerr d e n s i t y .  'Phus, under  t h e s e  

condi- t ions,  m o r e  f u s i o n  r e a c t o r s  ?\Toaia.d be r equ i r ed  f o r  a g i v e n  m a s s  of 

r e c y c l e d  a c t i n i d e s .  111 si:lirrmary, actinide t r a n s m u t a t i o n  i n  fusion.  re- 

2 

2 
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ac tors  appears to be f eas ib l e  and at. Least as efficient as I,H!!BRs; how- 

ever, a s u b s t a n t i a l  inumber of eng.i.neer.ing problems r r ius t  be solved.  These 

tlrwices do  n o t  now appear to be overwhelmingly superi.ox- t o  other t ~ : - l n s m ~ -  

tation devices as t h e y  once d id .  

3 I 4 . 3  e 2 Part l ic le  accelerators a Another c h s s  02 transmutation 
--..~--I__. ~ .._- _.l)_ll -... 

devi-ces that: have been heav:i.:hy inves t iga t ed  i s  based on part:lcle aecele- 

r a t ~ f ~ .  The m o s t  popular C O R C ~ ~ ~  appears  to be t h a t  ~f ~isi-xig i3 p a r t i c k  

acce le ra to r  t o  make a bearit c9f p r o t o n s  w i t h  e n e r g i e s  on t h e  o rde r  af I. t o  

18 GeV.  These protons are impacted on a molten, heavy-metal target s u ~ h  

a s  l e a d ,  bisnluth,  o r  uranium; t h e  target i s  molten f o r  h e a t  removal pur- 

poser; (. 

l . a t i o n  r e a c t i o n ,  producing 5 t o  50 neutrons p e r  i n t e r a c t i o n .  These neu- 

t r o n s  are then used to t ransmute the a c t i n i d e s  that are prese~l t  in a. 

F J - ~ i ~ k e t  surrounrding the  spa l . l a t ion  t a r g e t .  The large num'sers of oe.utrons 

produced by eacl-1 proton result: i n  a very i n t e n s e  neu t ron  source; however, 

t h i s  concept  has s e v e r a l  s e r i o u s  drawbac.ks, s u c h  as  : 

T h e  high-energy protons d i s i n t e g r a t e  the hea:vy nuc leus  i n  a s p a l -  

1. . 

2 .  

3 .  

4 1 

The n e u t r o n  source is effective1.y a p o i n t  source,  and the neu t ron  

f l u x  t l e c l i n e s  very rapid1.y in the s u b c r i t i c a l  a c t i n i d e  2,I.anket 
i n  a manner s imilar  t o  that: i n  the f u s i o n  r e a c t o r .  

A method for recoveri-ng t h e  heat from the s p a l l a t i o n  device must  

be devised;  o the rwise ,  the e n t i r e  c o s t  of t h e  ~ p ~ a t i o n  nust be 

charged t i s  the tra.nsmu.tationa operat i o n ,  a v e r y  expmsive  propo- 

sition I 

T h i s  c o a c e p t  would r e q u i r e  the d e s i g n  arid c o n s t r u c t i o n  of high- 

energy p a r t i c l e  a c c e l e r a t o r s  thar are mucli larger  t h a n  any bui . l t  

thus f a r .  

It wo1m1.d a p p e a r  t o  be inefficient-  LO use nuc.I.ear f i s s i o n  heat to 

make e l e c t r i c i t y  

pro tons  (and more energy losses from. tnef  f i-ciency) . 
are tilien used t o  ~ T Q ~ U C E ?  neut rons  ~ which final1.y aeco-,plish t h e  

t:rtmsmutation .. A c t i n i d e  transmutat: ion in the f:i.ssi.on reactor 

seemti: much B I O ~ ~  straig'ri t - f ~ r w a ~ d  and eliminates t h e  unavoidable  

i n t e r m e d i a t e  energy  losses 

.which in turn is used to generate high-energy 

T h e  protons 
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5. The hand l ing  oT molten metals i n  a h i g h - i n t e n s i t y ,  high-energy 

neu t ron  f l u x  a t  h igh  t empera tu res  would appear  t o  be  a formid-  

a b l e  eng inee r ing  o b s t a c l e .  

Thus t h e  engineer i r ig  and t h e o r e t i c a l  l i m i t a t i - o n s  oE t h i s  concept  would 

appear  t o  g r e a t l y  overshadow any p o s s i b l e  advantages .  

3 . 4 . 3 . 3  Nuclear  e x p l o s i v e s .  The f i n a l  a l t e r n a t i v e  t r a n s m u t a t i o n  -..___- 

process  t h a t  has been proposed i n v o l v e s  I:he u s e  of n u c l e a r  e x p l o s i v e s  

as the  s o u r c e  of t ransniu ta t ion  neu t rons .  The dc tona t io t i  o f  a n u c l e a r  

dev ice  produces l a r g e  q u a n t i t i e s  of high-energy neu t rons ,  which wou1.d 

t ransmute  t h e  a c t i n i d e s  almost i n s t a n t a n e o u s l y .  E s t i m a t e s  i n d i c a t e  that  

about  t h r e e  t o  f o u r  100-k i lo ton  ( k t )  e x p l o s i n n s  would be  r e q u i r e d  a n n u a l l y  

p e r  1000-MW(e) r e a c t o r  a t  a c o s t  e s t i m a t e d  t o  b e  about  172 of t h e  c o s t  of 

the e l - e c t r i c i t y .  I f  we i g n o r e  t h e  r e l a t i v e l y  h igh  d o l l a r  c o s t  of t h i s  

concept  , t h r e e  f undarnemtal problems are involved  : 

1. The r e s i d u a l  n u c l i d e s  would be  i r r e t r i e v a b l y  encased i n  rock  a t  

t h e  (underground) exp los ion  s i t e  i n  a manner t h a t  may no t  be 

s u i t a b l e  f o r  long-tertii i s o l a t i o n .  

2. A t  p r e s e n t ,  there are ] . imi ta t ions  on the  t e s t i n g  of n u c l e a r  

weapons, and f u r t h e r  l i m i t a t i o n s  are expec ted  i n  t h e  f u t u r e .  

3 .  Thf de tonakion  of t h r e e  t o  f o u r  100-kt n u c l e a r  d e v i c e s  a n n u a l l y  

f o r  each 1000-MW(e) n u c l e a r  r e a c t o r  f o r  waste iuanagement purposes  

would c e r t a i n l y  be  s o c i a l l y  and pol i t i c a l l y  unaccep tab le  I 

Thus, a l though  i t  appea r s  t o  be  t e c h n i c a l l y  f e a s i b l e ,  t h e  p o l i t i c a l  

r ea l i t i e s ,  h igh  c o s t ,  and l o g i s t i c a l  d i f f  ic i i l  t i es  make t h i s  concept  

unacceptab le .  

3.5 Assessment of Transmutat ion 

Although much o f  t h e  material presen ted  i n  Sec ts .  3.5.1-3.5.4 may 

a l r e a d y  be  e v i d e n t  Irom t h e  p reced ing  p o r t i o n s  of S e c t .  3 ,  i t  is  u s e f u l  

t o  b r i e f l y  r e c a p i t u l a t e  t h e  most impor tan t  r e s u l t s  of the t r ansmuta t ion  

asses sliien t . 
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3.5.1. Transmuta t ion  f e a s i b i l i t y  _ _  

The r e s u l t s  of t h i s  s tudy  concern ing  t r a n s m u t a t i o n  f e a s i b i l i t y  are: 

1. 

2. 

3 .  

A c t i n i d e  t r a n s m u t a t i o n  i s  f e a s i b l e  i n  thermal  and f a s t  r e a c t o r s ,  

s u b j e c t  t o  t h e  development of s a t i s f a c t o r y  f u e l  forms ( s e e  

S e c t .  4 . 2 ) .  Transmuta t ion  rates range  from about  62 p e r  f u l l -  

power y e a r  i n  a PWR t o  about  9% p e r  ful l -power year i n  a n  

advanced-oxide LYFBR a 

The t r ansmuta t ion  of Tc  appea r s  t o  be f e a s i b l e  i n  thermal  

r e a c t o r s  a t  t h e  rate of about  11% p e r  ful l -power y e a r ,  s u b j e c t  

t o  t h e  development of a s a t i s f a c t o r y  f u e l  form and i n v e s t i g a t i o n  

of t h e  p roduc t ion  rate of long- l ived  98Tc. 

The transmutation of 12’1 i s  marg ina l ly  f e a s i b l e  a t  b e s t  because  

of t h e  low t r a n s m u t a t i o n  rate, the v o l a t i l i t y  and c a r r o s i v e n e s s  

of i o d i n e  and i o d i n e  compounds, and t h e  p roduc t ion  of  l a r g e  

amounts of xenon gas  from t h e  t r ansmuta t ion  r e a c t i o n .  

99 

3.5.2 - Transmuta t ion  impact:s -I 

An assessment  of impacts  of t r a n s m u t a t i o n  on t h e  r e a c t o r s  i s  as 

f o l l o w s  : 

1. A c t i n i d e  t r a n s m u t a t i o n  has a s i g n i f i c a n t  impact on a thermal  re- 

a c t o r ,  mos t ly  i n  t h e  areas of power peaking and enrichment  

changes.  I n  most cases, this impact can probably  be accommodated 

by u s i n g  e x i s t i n g  technology. 

2. The t r a n s m u t a t i o n  of i o d i n e  o r  technet ium would al.80 have a 

s i g n i f i c a n t  impact  on a thermal r e a c t o r  , p r i n c i p a l l y  i n  t h e  

form of enrichment  p e n a l t i e s .  

accommodated u s i n g  e x i s t i n g  technology.  

These impacts  can  probably  be 

3 .  A c t i n i d e  t r a n s m u t a t i o n  i n  an LMFHR has  v i r t u a l l y  no impact on 

t h e  r e a c t o r .  
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3.5.3 Transmutat ion comzarisous --____-_I_-... _ _  ____ .... - 

The r e s u l t s  concerning t h e  comparison of t h e  t r a n s m u t a t i o n  r e a c t o r s  

are : 

1. IJnder present  c o n d i t i o n s ,  t h e  siiperioriLgr of e i t h e r  the LMFEK or 

t h e  LWX as a t r a n s m u t a t i o n  d e v i c e  depends on the t ransmuta t io i i  

s c e n a r i o  p o s t u l a i e d .  On the me Iland, T,WRs exis[- a t  t h e  p r e s e n t  

t i m e  a i d  a c t i n i d e  t r a n s m u t a t i o n  i s  f e a s i b l e .  011 t-he o t h e r  hand. 

JMFBKs s u f f e r  less i m p a c t  from t h e  a c t i n i d e s  than do  L h e r m a l  

r e a c t o r s ,  they t ransmute  t h e  a c t i n i d e s  imre q u i c k l y ,  and they  

are v i a b l e  over  t h e  long tefm when P--7' might be imple- 

mented. 

2 .  Under c o n d i t i o n s  where both  LWRs and LMFBRs exist., t h e  LMFRR 

woi.1J.d be p r e f e r r e d  over  t h ~  LIB as a t r a n s m u t a t i o n  d e v i c e .  

3 .  A l t e r n a t i v e  thermal power r e a c t o r s  do n o t  o f f e r  e i t h e r  s ignLf i - -  

c a n t  advantages  or  d i s a d v a n t a g e s  as compared ~ i t h  LWRs. 

4 .  Fusion rc-actors (assuming t h e i r  e x i s t e n c e )  would b e  a c c e p t a b l e  

a c t i n i d c  transmutation drvices b u t  probably  no b e r t e r  t h a n  WFYSRs. 

5 .  S p e c i a l ,  h igh- f lux  t r a n s m u t a t i o n  d e v i c e s  (SRP p r o d u c t i o n  r e a c t o r s  

o r  s p a l l a t i o n  d e v i c e s )  do not_ appear t o  o f f e r  s i g n i f i c a n t  trans- 

muta t ion  advantages  and would probably  he economical ly  

d isadvantageous  

6 .  A c t i n i d e  t ransmt t ta t ion  u s i n g  n u c l e a r  e x p l o s i v e s  i s  n o t  accept -  

ab3 e from s o c i o p o l i t i c a l  and economic v iewpoin ts  - 

Most of t he  t r a n s m u t a t i o n  s t u d i e s  conductci!d t o  date are not compar- 

a b l e  or correct and thus are m a r g i n a l l y  useful because of rnethodological~ 

(i . E .  , the r e c y c l e  s c e n a r i o  is  rrst "closed7') o r  ca leu l .a t iona1  (i.. e - , i.n- 

c o r r e c t  e r i t e s i o n  f o r  determi.ning enrichmen[:) f l a w s  e 



The r e c y c l e  of t h e  waste actinides r e s u l t s  i.n a substantial. w t ~ ~ m -  

t r a t i o n  of the h e a v i e r  actin%des i n  t.he P-'r Euels, as expect:ec%,. Of  

p a r t i c u l a r  no te  are t h e  h i g h e r  levels o f  

are spontaneous-f i s s i o n  neutrm emitters. These bigher l e v e l s  a - e  re.- 

Elec ted  i n  the  secotid p o r t i o n  of the table, w'nLch g i v e s  rlie reeutrm x t i v -  
i.ties of the fuel materials. The recycle of t h e  actinB.d.es i 

tieritson ac t iv i . ty  by about  a f a c t o r  o i  1.0 f o r  the spent: fwl.s and by cave;: 

a facror of 100 f o r  t h e  f r e s h  f u e l s ,  k des igxrhg  fuel. i:.ycle f 

these increases must be taken i n t o  account by Prmere.asiszg ~lne til. 

of neu t ron  sh ie l . d lng  (e .g .  c-oncretc) . A a t r t h e r  exainp1.e. of .t:tae impac t  of 

the neut rons  w i l l  be discussed I n  S e c t .  4.1., which i s  cutrce~ned uil:h che 

design o f  f u e l  t r a n s p o r t a t i o n  casks .  

244 252  Cm and (3, t a c h  e:$ u h l ~ h  

The dose  rates from unshi.ePded faicl assexblfes are: gi.veiz I.n the t h i r d  

p o r t i o n  of Table  3.3 Again, the i.mpact of rihe inc-tx?ased neixtron ae:a:.i v i t y  

i s  evidenced by t h e  much 1-arger dose rate from the f resh  P-Y s'uel. 3:; 

compared w l t h  t h e  fresh r e f e r e n c e  fue l  The dose rates :For unsli:i.i~I.ded 

spent  fuel are i d e a t i c a l  f o r  both reference and P--T fuels bscau 

are c o n t r o l l e d  by the fissi.on p r o d u c t s ,  wh:kh are th?. same i.n b 

The f i n a l  p o r t i o n  of Table  3 . 3  g ives  decay heat va1i irs  f u r  i:hc var- 

i o u s  fue l s ,  i.ncludi.ng f i ss ion  products l.11 the csrse of t l w  spent f t r i . 1 ~  A s  

i s  evident,  t:he prese,nce of t h e  recycled a Lsiides ~ p<3.st:i~uJ.:.trlj~ CIII 

i n c r e a s e s  the decay h e a t  frora the f r e sh  P-T :Er.ieS 60 t.hxt: it i s  alriiost. 

identical w i t h  the decay h e a t  f r o m  a spent reference fue l  msenrb Iy ,  The 

decay heat f r o m  t h e  s p e n t  P-T fuel  assemb1.y 1.s nearly tw:i.ce 

244 



Table 3.3. Composition and characteristics of fresh 
and spent reference and P-T fuels 

from t h e  fifth recycle 
___. ... .__________.._______I_ ........ .... 

b Spent MOX fuels 
Reference P -T 

_~ Fresh  MOX fuelsa ____ ........ 
..__I__- Ref  eren.c-ep P - - L  ..._.____ _____ ...... 

Composition, g/NT IHM 

Neutron activity , 
neutrons sec-l 
MTHM -I 

Dose rate f rom 
one assembly, 
rem/hr 

Decay h e a t ,  
W/MTHM 

6938 

6853 

918,200 

4 2 8 4  

5241 

24,230 

16,650 

9530 

7286 

463 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.84+08 

0.17 

3250 

6768 

6829 

907,600 

2576 

4442 

25,670 

17,880 

9203 

10,400 

1535 

2749 

28 

3478 

484 

215 

13 

2 .8  

6.9-04 

6.2-03 

1.5-03 

2.2-04  

2.7-04 

4.16+10 

11.2 

12 440 

3846 

6409 

900,200 

3599 

5473 

1.3,830 

13,360 

7675 

7071 

1197 

2408 

15 

941 

5 4 

24 

0.14 

3 . 4 - 0 3  

8.3-06 

2.3-05 

4.2-06 

3.7-07 

1.4-07 

1.194-10 

11,900 

12 I) 970 

3517 

5846 

883,800 

2827 

5260 

17,600 

14,870 

7925 

11,070 

1388 

2923 

26 

4526 

813 

332 

25 

6.2 

6.7-02 

0.21 

6.8-02 

1 Io-02 

2.1-02 

1.05tll 

11,900 

23,170 

.... __.-__ ......... 
~ .._. ___l_l. -__ 

%ecay of 0.5 year  assumed. 
bDecay of 1.5 years assumed. 

=Dose is 1.0 m from the assembly midplane. 



s p e n t  r e f e r e n c e  assembly. 

c a t e s  t h a t  (1) t h e  f r e s h  P-T f u e l  w i l l  have t o  be handled e x a c t l y  as 

spen t  f u e l  i s  now, and (2)  t h e  hand l ing  of t h e  s p e n t  P-T f u e l  w i l l  re- 
q u i r e  s p e c i a l  d e s i g n  c o n s i d e r a t i o n s .  

The magnitude of t h e s e  numbers c l e a r l y  i n d i -  
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Thc purpose of t h i s  s e c t i o n  i s  t o  d i scuss  f o u r  a s p e c t s  of P-T t h a t  

are important c o n s i d e r s t i o n s  i n  any cornpl ete evaluation of t h i s  o p t i o n  

b u t  do tiot r e a d i l y  f i t  w i t h i n  :k scopc~ of e i t h e r  t h e  p r e v i o u s  p a r t i t i o n -  

i n g  o r  LransitmtaEion s e c t i o n s .  

and only  related i n  t h a t  each of them b e a r s  011 P- ' r> a r e  as fo l lows:  

These aspec ts ,  which are wide ly  va-ripd 

1. the d e s i g n  of a s p e r i n l  s h i p p i n g  cask  f o r  t r a n s p o r t i n g  r e a c t o r  

f u e l s  that have h igh  decay hzlnt leve?s and i n t e n s e  n e u t r o n  

r a d i a t  i on; 

2. c o n s i d e r a t i o n  of the impacts of P-T on f u e l  f a b r i c a t i o n  and t h e  

s u i t a b i l i t y  o f  r e a c t o r  f u e l s  c o n t a i n i n g  s u b s t a n t i a l  amounts o f  

neptunium , americium, a I d  cur  iim; 

3 .  c o n s i d e r a t i o n  of t h e  d i s p o s i t i o n  of r u r r e n t l  y e x i s t i n g  i n v e n -  

to r ies  of s p e n t  f u e l  and wasies u n t i l  such  t i m e  t h a t  P-T could 

be impleinented; and 

4 .  c o n s i d e r a t i o n  of t h e  impl icaLions  of P - r  f o r  currenL U.S. p o l i c y  

concerning n u c l e a r  power and i t s  f u e l  r y c l e .  

The s u b j e c t  m a t t e r  d i s c u s s e d  in t h i s  s e c t i o n  is  Eased on =ore d e t a i l e d  work 

p r e s e n t e d  i n  rei. 1. 

4 . 1  P-T Fuel Shipping Cask 

A s  n o t e d  i n  Sect:. 3 . 6 ,  both  f r e s h  and s p e n t  P-T f u e l s  arc i n t e n s e l y  

n e u t r o n  active.  Although the dose rates g iven  i n  Sec t .  3.6 f o r  t h e  s p a t  

P-T f u e l  do n o t  indicai ie  t h a t  LIie neut rons  are  s i g n i f i c a n t  i n  E l i i s  case, 

t h e y  s t i l l  dominate the  dose i n  %he case where s h i e l d i n g  i s  p r e s e n t  s i n c e  
t h e y  are much more p e n e t r a t i n g  t h a n  t h e  garnula r ays .  En s t a t i o n a r y  f a c i l -  

i t i es ,  such as t h e  r e p r o c e s s i n g  and MOX f u e l  f a b r i c a t i o n  p l a n t s ,  t h e  i n -  

c reased  s h i e l d i n g  would s imply t a k e  the form of somewhat t h i c k e r  c o n c r e t e  

walls. However, a seri.ous prob1ir.m arises with a f u e l  s h i p p i n g  c a s k  s i n c e  

i t  oiust conform t o  d e f i n i t e  weight  axid s i z e  l i m i t a t i o n s  and t h e  normal 

materials of c o n s t r u c t i o n  are ext remely  poor a t t e n u a t o r s  of neutroi-is. 
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Thus t h e  sh ipp ing  c a s k  m u s t  he  redes igned  t o  accommodate P-T f u e l s .  This  

task was tindertaken as p a r t  of the ORNL P-T p r o j e c t ,  and the r e s u l t i n g  con- 

ceptual. ( b u t  no t  n e c e s s a r i l y  o p t t m a l )  des ign  i s  d e s c r i b e d  below, It should 

be noted t h a t  'trhe f r e s h  P-T f u e l  m i l s t  be shi.ppcid in. e x a c t l y  t h e  s a m e  manner 

as t h e  s p e n t  P-T f u e l  because of : i .Ls  h igh ntutlron a c t i v i t y  and thermal  

power. 

The des ign- .bas i s  neu t ron  a c t . j _ x r i t y  for t.he sh ipp ing  cask was t aken  t o  
1.2 he 1 .I x 10 neut:rons/sec. T h i s  somewhat c o n s e r v a t i v e  v a l u e ,  as compared 

w i t h  t he  values i n  Sect. 3.6, WAS u s e d  t o  emsure t h a t  f u e l s  from f u r t h e r  

recycl-es could  be aceornodated and t o  account  f o r  some s i m p l i f y i n g  assump- 

tlcans and buniup v a r i a b i l i t y .  T h e  design-1,asis thermal. power of t h e  f u e l  

w a s  assumed t o  be t.hat i n  S e c t .  3 .G f o r  tihe :j\?t?rt't P-T fue .1  ( v i z ,  , 23,170 
FK/PI'IILtl[M) ?'he ra:ix.i.~~i~itn a l l o w a b l e  weighr of the cask w a s  assuiiied t o  be  100 

PIT. A c a s k  of this s i z e  could  cmly b e  t r a n s p o r t e d  b y  rail-. 

C a l c u l a t i o n s  f o r  bo th  t h e  f r e s h  f u e l  and t h e  s p e n t  f u e l  have i n d i c a t e d  

that t h e  s h i e l d e d  dose f r o m  the neu t rons  is  more l i m i t i n g  t.ban t h a t  f r o m  

t h e  gamma r a y s ,  The g e n e r a l  apysoach, then ,  i s  to c o n s t r u c t  trlie cask  of 

nnaterials t h a t  s u c c e s s i v e l y  tlie.r:ma.li.ze (s low down) t h e  n e u t r o n s  and abso rb  

( c a p t u r e )  them I) The tIremaiizat.:i .on a b i l i t y  of a medium d e c l i n e s  i n  propor-  

t i o n  to the squa re  of i t s  a tomic  weight .  'Ilharefrare, t h e  bes t  medium f o r  

neu t ron  t h e r m a l i z a t i o n  i s  hydrogen, fo l lowed by deut.eriinm and the o t h e r  

l i g h t  e lements .  Neutron a b s o r p t i o n  does n o t  foll-ow any s imple  p a t t e r n ;  

however, materials such  as boron, cadmium, and gadol inium itre good neu t ron  

a b s o r b e r s .  I n  eomb:ination w i t h  t h e  a b i l i t y  to tbermal.ize and absorb neu- 

t r o n s ,  t h e  c a s k  iiiust a l s o  be  a b l e  t o  conduct heat r easonab ly  w e l l  s i n c e  

the. P-T fuels have c o n s i d e r a b l e  thermal power + Unfor tuna te ly ,  this re- 

qui . renent  t e n d s  t o  c o n f l i c t  w i t h  t h e  neut ron  c a p t u r e  requi rement  since 

hydrogenous ma te r : i a l s  g e n e r a l l y  have poor thermal  c o n d u c t i v i t i e s  a However, 

a s u i t a b l e  ba l ance  of t h e s e  requi rements  was ul tinlately achieved  .( A c r o s s  

s e c t i o n  of t h e  r e s u l t i n g  concep tua l  P-T cask de-sign i.s shown :in F i g .  4 .1 .  
T h e  c a p a c i t y  of t.he cask I s  s i x  P T i  f u e l  assembl . ies ,  w I i i c h  i s  s i g n i f i c a n t l y  

less t h a n  t h a t  of a normal sh ipp ing  cask  (about  t e n  assembI.ies). The 

c a p a c i t y  w a s  reduced t o  keep the w ighc and s i z e  w i t h i n  t h e  s p e c i f i e d  

limits. 
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The f i r s t  f o u r  zones of t h e  cask  comprise  t h e  f u e l  material and t h e  

aluminum s t r u c t u r e  r e q u i r e d  t o  ho ld  i t .  The t h r e e  s t a i n l e s s  steel  zones 

(zones 5, 9,  and 11)  and t h e  uranium zone (7)  s e r v e  t h e  d u a l  purpose of 

s h i e l d i n g  from t h e  pr imary  and secondary (neutron-induced)  gamma r a y s  and 

p r o v i d i n g  s t r u c t u r a l  i n t e g r i t y .  The two boron c a r b i d e  (B  C )  zones p l u s  

t h e  l i t h i u m  hydr ide  (LiH) zone are t h e  p r i n c i p a l  neu t ron  t h e r m a l i z a t i o n  

and a b s o r p t i o n  areas. These materials are e n t i r e l y  comprised of l i g h t  

e lements  t o  maximize t h e r m a l i z a t i o n .  A d d i t i o n a l l y ,  boron is  an e x c e l l e n t  

neu t ron  a b s o r b e r ,  wh i l e  l i t h i u m  is f a i r l y  good. Copper f i n s  have been in-  

c luded  b o t h  i n  t h e  i n n e r  boron c a r b i d e  zone and i n  t h e  l i t h i u m  hydr ide  

zone t o  accommodate t h e  h e a t  l oad  from t h e  f u e l .  E x t e r n a l  aluminum f i n s  

are inc luded  t o  i n c r e a s e  h e a t  removal.  The composi t ion of t h e  c a s k  is  as 

follows: 30.8 w t  X s t a i n l e s s  s teel ,  29.2 w t  % B C/Cu, 18 .2  w t  % uranium, 

11.1 w t  X aluminum, 5.9% LiH/Cu, and 4.8% f u e l .  The weight  of t h e  c a s k  

(exc luding  t h e  r a i l  c a r )  i s  about  100 LviT. I ts o u t s i d e  d i a m e t e r ,  i n -  

c l u d i n g  f h w ,  i s  285 cm (about  9 . 4  f t )  . An i n i t i a l  e v a l u a t i o n  i n d i c a t e s  

t h a t  t h e  P-T cask  would probably  m e e t  t h e  s t r i n g e n t  requi rements  f o r  s p e n t  

f u e l  s h i p p i n g  c a s k s .  During t h e  h y p o t h e t i c a l  a c c i d e n t ,  t h e  l i t h i u m  hydr ide  

l a y e r  would most l i k e l y  be l o s t  s i n c e  i t  reacts w i t h  w a t e r .  However, dose 

rates d u r i n g  such  a c c i d e n t s  would s t i l l  be  w i t h i n  l i m i t s  s i n c e  t h e  remain- 

i ng  s h i e l d i n g  materials are s t a b l e  a t  e l e v a t e d  t empera tu res  and i n  a n  

aqueous environment .  The c o n s i d e r a t i o n  of e l e v a t e d  t empera tu res  e l imina ted  

mater ia ls  such  as b o r a t e d  w a t e r  from c o n s i d e r a t i o n  as a s h i e l d i n g  medium. 

4 

4 

4.2 Impacts  of B-T on Fue l  F a b r i c a t i o n  

4 .2 .1  - F a b r i c a t i o n  p l a n t  des ign  

4.2 .1 .1  Design phi losophy.  The f a b r i c a t i o n  p l a n t s  i n  t h e  P-T assess- 
ment program w e r e  assumed t o  be  remote ly  ope ra t ed  and contac t -main ta ined  

(RO/CM) i n  t h e  r e f e r e n c e  c y c l e  and remote ly  ope ra t ed  and remotely main- 

t a i n e d  (RO/RM) i n  t h e  P-T c y c l e ,  w i t h  bo th  us ing  powder- to-pel le t  t ech-  

nology. Th i s  d i f f e r e n c e  occur s  because t h e  neu t ron  a c t i v i t y  o f  t h e  P-T 

f u e l  is  h i g h e r  by a f a c t o r  of 200 ( s e e  S e c t .  3 . 6 ) ,  and i t  was f e l t  t h a t  

t h e  equipment could  n o t  be decontaminatzed s u f f i c i e n t l y  t o  a l low c o n t a c t  



ma inCenimc~ as is p o s s i  hJ e ~ C t h  the reference f u e l .  llowevcr, t h e r e  are 

two cas~s; i n  x,7hirh t h i s  d i f r e r e a c e  may n o t  occur .  I n  rhe f i r s t .  I n s t a n c e ,  

%ice MOX :uel W O I I J ~  have a s u f f i c i e n t l y  h i g h  a c t i v i t y  t o  r e q u i r e  

RO/K?EI fabL i c  a r i s n .  liie e f f c c i  of t h i s  wo-dd  be  t o  s u b s t a n t i a l l y  reduce 

iiie f a b r i c a t i o n  p c x i l r y  Lncurrrd by t h e  P-T f i t r l  c y c l e  s i n c e  both plants 

TmuId bc R O I R M ,  a l though s o w  d i f f e L t . n t i a 1  V70111d remain due t o  the g r e a t e r  

s h i  P 1 d i n g  ( i  .e - , wall) tlrickncsses r e q u i r e d  i n  t h c  P-T cycle 

i n  t h e  w c o n d  ii~bt-a~ice, a f a b r i c a t i o n  p r o c e s s  t h a t  i s  more amenable ti: 

E a t i o n  1-13an the p o w - l ~ r - ~ o  p e l l e t  p iocess  i s  u s c d ,  t h e r e b y  per-  

m i t t  i ng  c o n t a c i  malntenasce i n  both  t h e  rclt3.persce and P-T c y c l e s .  A p r o -  

cess t h ; ~ t  IISES p r i n c i p a l J y  l i q u i d s ,  such  as a sol-~cl p r o c e s s ,  might f a l l  

i n  tjlis c a t e g o r y .  

111 any event ,  GTO do n o t  p r e s e x t l y  know t h e  " c o r r r c t "  answer Lo the 

dil\ i n g  t h e  appcoprlarc' design pirilosoptny 1.0 b e  used.  Resnlu- 

3 consi  de-rabiy m o L e  d e t a i l  concern ing  t h e  

k* I fLlels i c) be f a b i  i (.zted5 p i  ucess p e r f  ormance and c leanup c h a r a c t w l s t i c s ,  

and o c c q a t i o n a l  dose l i m i  r s .  

11.7 1 . 9  Fabricar,ioti 11 - ores8 -x___-____ f e a s i b i l a .  4 second q u e s t i o n  r e l a t e d  __ 
t o  f a b r i c a t i o n  plant  c le~; t , z t~s  concerns the f e a s i b i l i t y  (or  ~ more p r c c i s e l y ,  

h i l i t -y - )  o f  an Ki) /KE f a c i l i t y .  T o  d a t e ,  f u e l  f a b r i c a t i o n  u s i n g  a 

powder-to-pPl 1 P 5 p7-oress under an  K0IW.I ph i losophy h a s  n o t  been demonst ra t rd  ~ 

ex-en on a small sca lp .  !?in i lie~itiore, v e r y  l i t t l e  c o n c e p t u a l  work has  been 

donc 4 L r ~  Lli is  at :?a- C o n s r y u P n t l y ,  t;iere i s  c o n s i d e r a b l e  u n c e r t a i n t y  a s  t o  

wh-.ti:e?r d commeccial--si,zP (66O-MTPLPi/year) f a c i l i t y  can b e  o p e r a t e d  w i t h  a 

r e a s o n a b l e  c a p a c i t y  f a c t o r  under rhesc ro(1di t ions I 

i n u e s r i g s t i o n ,  we may ronc lude  t h a t  i l i e  o n l y  f e a s i l l l e  method of f a b r i c a t i n g  

t h e s r  n a t r j a l s  i s  t o  iisc arzotlrei p r o r e s s  (e.g., 2 l i q u i d  p r o c e s s )  t h a t  

f a c i l i t a t e s  rem& c o p e r a t i  017 and maintenance.  

Pr-t haps after some 

L - 2 . 2  P-'f in - reac tor  f u e l  ~ pgrforrnance I - _  

L - 7 . 9 - 1 -  Act in ides .  The i n - r e a c t o r  performance af P-F f u e l s  is  

s u b j e c t  t u  q i i ~ s t i o n  s io( - t?  t h e i r  composi t ion i s ,  i n  some cases, q u i t e  

d i f f e L e , i l  from that of s t a n d a r d  T,WR f u e l s .  The perEormance c h a r a c t e r i s t i c s  
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.of concern incI.~rde s w e l l i n g  behav io r ,  r e s i s t a n c e  to c rack ing  E are1.- 

c l add ing  i n t e r a c t i o n ,  c l add ing  c o r r o s i o n ,  and amenab i l i t y  to d i s s o l u t i o n  

a f t e r  i r r a d i a t i o n .  

'In t h e  cases where. t h e  w a s t e  a c t i n i d e s  (neptuniam and t h e  t r ansp lu -  

t o n i c s )  are diluted i n  a large f r a c t i o n  o r  a1.l of t.he f u e l ,  re l .a t . iwly 

few problems may he  experrimiced s i n c e  t h e  behaviior should  he cont : rol led 

by t h e  uranium and plutroni.m.. However, i n  t h e  f u e l  cycles i:hat in.;7olve 

t a r g e t  element or assembl i e s ,  the c o n c e n t r a t h n s  of a c t i n i d e s  may range 

f r o m  a few p e r c e n t  t o  40%. In t h e s e  cases, t h e  f u e l  performance can. on ly  

be determined v i a  a c t u a l  i r r a d i a t i o n  tests. 

P-T, i t  w a s  assumed t h a t  s a t i . s f a c t o r t .  f u e l s  c o u l d  be devel-oped fo?: d..l. 
a e t in i . de  m i x t u r e s .  

For t he  purposes  of a s s e s s i n g  

4.2.2.2 I o d i n e  and technet ium.  I .-__ I n  t h i s  s t u d y ,  b r i e f  c o n s l d e r a t j o n  

w a s  g iven  t o  t h e  t r a n s m u t a t i o n  of i o d i n e  and technet ium.  S ince  these Z y p m  

of materials have never  been i r r a d i a t e d  in any form s imilar  t o  c-laat .anti- 
c i p a t e d  i f  t hey  w e r e  t o  he r ecyc led  ( T m e q 3  concen t r a t ed  i n  target: r o d s ) ,  

some d i s c u s s i o n  o f  t h e i r  performance i s  probal>ly i n  o r d e r .  

Technetium, as t h e  m e t a l ,  b a s  a r e l a t i v e l y  h igh  m e l t i n g  p o i n t  (about  

2400 K). Because i t  is  t o  be recyclc-xl i n  a t a r g e t  r o d ,  the metal nay weI.1 
be  an  a c c e p t a b l e  form s i n c e  no darnagc. will. occur  f r o m  f i sshon f ragments  

arid it:s predominant t r a n s m u t a t i o n  p r o d u c t s  are chemica l ly  s i m i l a r  ruthenium 

i s o t o p e s  

Iodine ,  oz t h e  o t h e r  hand,  presents formidable problems with r e s p e c t  

t o  t h e  i d e n t i f i c a t i o n  of a s a t i s f a c t o r y  form. The f o u r  p r i n c i p a l  problems 

are : 

1.. Iod ine  and i t s  compounds t end  t o  be c o r r o s i v e  at r e a c t o r  o p e r a t i n g  

t empera tu res  ( a t  least 700'F). 

2,. Nost i o d i n e  compounds v o l a t i l i z e  o r  decompose a t  r e a c t o r  operr i t ing 

t empera tu res .  

3 .  The t r a n s m u t a t i o n  daughter  of i o d i n e  i s  xenon, which would t end  

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

s u r i z e  (and stress) t h e  fuel p i n .  
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4 .  Most i o d i n e  compounds are f a i r l y  s o l u b l e  i n  water. 

In  view of these d i f f i c u l t i e s ,  the f e a s i b i l i t y  of i o d i n e  t r a n s m u t a t i o n  

a p p e a r s  m a r g i n a l  based on materials c o n s i d e r a t i o n s  a l o n e  I 

4 e 3 Dispos i t i -on  of Long-Lived Materials P r i o r  t o  P-T 

A s  a r e s u l t  of t h e  e x t e n s i v e  amount of RD&T) t h a t  would be r e q u i r e d ,  

i t  i s  improbable  t h a t  I?-T could be img1mented b e f o r e  t h e  y e a r  2000. T h i s  

conclus ion  l e n d s  t o  some d i f f i c u l t y  concerning t h e  d i s p o s i t i o n  of t h e  

e x i s t i n g  and to-be-produced s p e n t  f u e l  and/or  l o n g - l i v e d  wasLes d u r i n g  the 

i n t e r i m .  

The o p t i o n s  a v a i l a b l e  f o r  handl ing  t h e  s p e n t  . f w l  u n t i l .  P-T could  be 

implemented* are : 

1- r e t a i n  a l l  o f  t h e  s p e n t  f u e l  i n  s t o r a g e  until i t  could  b e  

p a r t  i t  ioned , 

2 .  r e p r o c e s s  t h e  f u e l  and r e t a i n  t h e  long- l ived  wastes u n t i l  P-T 

w a s  a v a i l a b l e ,  or  

3 .  c o n t i n u e  w i t h  t h e  d i s p o s a l  of s p e n t  f u e l  and/or  h i g h - l e v e l  w a s t e  

u n t i l  P-T becomes a v a i l a b l e .  

The f i r s t  o p t i o n ,  w h i l e  f e a s i b l e ,  would p r o b a b l y  e n t a i l  t h e  s u r f a c e  s t o r a g e  

of t h e  s p e n t  f u e l .  Hased on t h e  p r o j e c t t o n s  given i n  r e f .  2 and an away- 

f rom-reac tor  (AFR) storage f a c i l i t y  with a c a p a c i t y  of 5000 M'IHM, approxi -  

mate ly  18 AFRs would b e  r e q u i r e d  i n  t h e  ydar 2000 and the c o n s t r u c t i o n  ra te  

would be more t h a n  one per y e a r .  A d d i t i o n a l l y ,  h o l d i n g  t h i s  l a r g e  amount 

of s p e n t  f u e l  on t h e  s u r f a c e  is  more r i s k y  t h a n  p l a c i n g  i t  i n  n g e o l o g i c  

r e p o s i t o r y .  T h i s  c o n s i d e r a t i o n  i s  n o t  t r i v i a l  when it is  r e a l i z e d  t h a t  

t h e  s p e n t  Fuel  invencory i n  t h e  y e a r  2OOU would b e  g e n e r a t i n g  342 m(t) 
and c o n t a i n  about  86 G C i  of a c t i v i t y .  

The second o p t i o n  has many of t h e  same d i s a d v a n t a g e s  as t h e  f i r s t .  

Large StOKage f a c i l i t i e s  would be r e q u j s e d  t o  c-ontain t h e  l i q u i d  HLW, a l l  

of t h e  TRIJ wastes from r e p r o c e s s i n g  and r e f a b r i c a t i o n ,  and t h e  i o d i u e -  

c o n t a i n i n g  w a s t e  ( i f  i o d i n e  i s  b e i n g  r e c o v e r e d ) .  T h i s  o p t i o n  i s  somewhat 

____ -- 
*This d i s c u s s i o n  assumes t h a t  F-T w i l l  b e  implemented. 



more r i s k y  than  t h e  p r e v i o u s  one because t h e  BLW has  t h e  same a c t i v i t y  and 

thermal  power as t h e  s p e n t  f u e l  b u t  is more mob5le because  it i s  a l i q u i d .  

F u r t h e r ,  it is  n o t  p r e s e n t l y  clear whether  t h e  recovery  of a c t i n i d e s  from 

aged HLW is f e a s i b l e .  because of t h e  postul-nted d i f f i c u l t y  i n  r ecove r ing  

t h e  a c t i n i d e s  from i n s o l u b l e  p r e c i p i t a t e s  t h a t  form over  a p e r i o d  of t i m e .  

Thus, a l though  t h i s  o p t i o n  a l l o w s  f o r  t h e  recovery  and r e c y c l e  oE t h e  f i s -  

s i l e  and f e r t i l e  v a l u e s  i n  t h e  n e a r  t e r m ,  i t  appea r s  t o  be  less advanta-  

geous than  t h e  f i r s t .  

The t h i r d  o p t i o n  would be t o  con t inue  t r e a t i n g  and d i s p o s i n g  of long- 

l i v e d  wastes u n t i l  P-T could  be implemented. 'This approach minimizes t h e  

s t o r a g e  c o s t s  and r i s k s  mentioned above by removing a l l  wastes t o  t h e  re- 
p o s i t o r y  excep t  a working inven to ry .  Rowevt!r, i t  is d isadvantageous  i n  

t h a t  t h e  long- l ived  n u c l i d e s  which are s e n t  t o  t h e  reposi t rory are riot 

a v a i l a b l e  f o r  r ecove ry  a f t e r  P-T i s  implemented. I f  a rea l i s t ic ,  prob- 

a b i l f s t i c  r i s k  a n a l y s i s  is  used ,  t h e  r i s k  from d i spos ing  of t h e  Long-lived 

w a s t e s  is  ext remely  s m a l l  s i n c e  t h e  long-term r i s k  from t h e  r e p o s i t o r y  

is  so s m a l l .  On t h e  o t h e r  hand, i f  t h e  a n a l y s i s  is based on perce ived  

r i s k  (which is probably  p r o p o r t i o n a l  t o  t h e  long-term t o x i c i t y  of t h e  

w a s t e ) ,  on ly  a s m a l l  f r a c t i o n  of t h e  w a s t e s  can be committed t o  t h e  r epos i -  

t o r y  and still reduce t h e  t o x i c i t y  re la t ive t o  s p e n t  f u e l  by only  a f a c t o r  

of 50. For  example, i f  u n p a r t i t i o n e d  w a s t e s  are s e n t  t o  a r e p o s i t o r y  for 

25  y e a r s ,  and t h e n  p a r t i t i o n e d  w a s t e s  are s e n t  f o r  t h e  nex t  25 y e a r s ,  t h e  

maximum r e d u c t i o n  i n  t h e  w a s t e  a c t i n i d e  c o n t e n t  of t h e  r e p o s i t o r y  (assuming 

p e r f e c t  p a r t i t i o n i n g )  would be a f a c t o r  of 2. 

The most r easonab le  and t e c h n i c a l l y  d e f e n s i b l e  approach would be t o  

b a s e  t h e  d e c i s i o n  on a real is t ic  r i s k  a n a l y s i s  and t o  d i s p o s e  of u n p a r t i -  

t i oned  f u e l  and /o r  wastes i n  a r e p o s i t o r y  u n t i l  such t i m e  t h a t  P-T is 
a v a i l a b l e  and a d e c i s i o n  i n  f a v o r  of implementat ion has  been made by re- 

s p o n s i b l e  o f f i c i a l s .  

4 . 4  P o l i c y  I m p l i c a t i o n s  of Pa r t i t i on ing -Transmuta t ion  

The implementat ion of P-T holds  c e r t a i n  i m p l i c a t i o n s  f o r  e x i s t i n g  U.S. 

n u c l e a r  p o l i c i e s .  S p e c i f i c a l l y ,  t h r e e  a s p e c t s  of P-T w i l l  impact e x i s t i n g  

p o l i c i e s  : 



1. the ~l.~de of r e p r o c e s s i n g  and a c t i n i d e  r ecyc le  i-n IJ--T, 

2 .  t h e  p o s s i b l c  use of Pds? b r e e d e r  ~ e a c t o r s  as t r a n s m u t a t i o n  

d e v i c e s ,  and 

3 .  ihe e f f e c t s  of P-T on g e o l o g i c  d l s p o s a l  rcqa.~irei~ieats. 

_-  'J.'he followi.ng se:rtions wi1.1. d e s c r f b e  t h e  impacts  of t h e s e  a s p e c t s  C J ~  

ex:Lsti.ng pol - ic ies  and d i s c u s s  t h e  r e a s o n s  why the  i m p a c t s  o c c u r .  

4 . 4  a 1 .._I_ IriyI.icatioos ^___m_____ _II_ of r e p r o c e s s i n g  and a c t i n i d e  recx~ ~ 

Ry d e f i n i t i o n ,  t h e  implementatirm of P-'r would r e q u i r e  t h a t  s p e n t  f u e l  

be r e p r o c e s s e d  ( t o  recover  t h e  a c t i n i d e s )  and I:hac ackixiides be r e c y c l e d  

( t o  f i s s i o n  them). 

a c t i v i t i e s  t h a n  a normal f u e l  c y c l e  w i t h  plui:i)r 

Lional p r o c e s s e s  are r e q u i r e d  t o  redllce the a c t i n i d e  c o n t e n t s  of t h e  wast 12s 

t o  I.ow Ikve l s .  The use of r e p r o c e s s i n g  and z c t i i i i i l e  r e c y c l e  c o n f l i c t s  

w i . t h  e x i s t i n g  U.S. p o l i c y ,  which w a s  stated by Fr i i s ident  Carter on Apri.1- 7 ,  

1977, i n  the fo l lowing  manrrer : I t  . . . we will. d e f e r  i n d e f i n i t e l y  t h e  cum-. 

mereial r e p r o c e s s i n g  and r e c y c l i n g  of t he  p l u t o n i u m  produced i n  t h e  U .S 

In f a c t  ~ P - T  involves c o n s i d e r a b l y  more p r o c e s s i n g  

n u c l e a r  power programs I T h i s  it would be i m p o s s i b l e  t o  i m p l e m s t  P-C 

under  t h i s  peill-bcy, 

Current  U.S. pn l . icy ,  as statcxl above, would have t o  be altered t o  a l -  

low r e p r o c e s s i n g  and r e c y c l e  b e f o r e  P-T cozlld be implemented. Fu r themore ,  

i n  1.ight of t h e  s u b s t a n t l a l  amounts o f  -RD&D needed on Y-T ( s e e  Sect .  0 1 ,  i t  

is clear that  t h e  psl . icy W O U . ~ ~  have to b e  alt.erred so that r e p r o c e s s i n g  and 

r e c y c l e  received vigorous governmental  s u p p o r t  and were llot s i m p l y  given 

permiss ion  t o  proceed.  

4 a 4 3. I m p l i c a t i o n s  of u s i n g  LMFBRs ____..-_I as translpA:+tion dexJ.7-sr;- 

The use of IMFRtis f o r  transrnu'clng a c t i n i d e s  i.s not maatliatory si.tzce 

t ransmuta t inn .  in rhermal  r e a c t o r s  a p p e a r s  t o  be f e a s i b l e .  However, coin- 

parisorn of t h e  transmutation C h a r a c t e r i s t i c s  o f  e l r r e r m a l  r e a c t o r s  wi.t:h 

t h o s e  of WZlSKs ( s e e  Sect .  3 . 4 . 2 )  i n d i c a t e s  Char e x i s t i n g  LMFBRs are 

superior a c t i n i d e  t r a n s m u t a t i o n  d e v i c e s  

c o n s i d e r a t i o n s  are accounted f o r .  Thus, it might he  hi.gh1.y desirable 

p a r t i c u l a r l y   hen r e s o u r c e  
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frorrr b o t h  economic and s a f e t y  s t a n d p o i n t s  t o  use I,P.XFXKs tis t h e  transmrxta- 

c i o n  d e v i c e s  i f  P-T were t o  be implemented. 

Curren t  U.S.  p o l k y  on the i.iitroduction and u s e  c t f  U E ' B R s  is as 

. . . we w t 1 . l  r e s t r u c t u r e  the E,S. breede r  program . . . t o  follows: 

defe r  t h e  d a t e  when b r e e d e r  reactors would be  p u t  i.nt.0 commercial. use." 

This  p ~ l i ~ y ,  w11il.e n o t  p r o h i b i t i n g  the ILSC of LMFRRs, would postpone a n  

I,MFR economy of t h e  t y p e  nrxded f o r  t r ;msau ta t ion  purposes  u n t i l  well 

i n t o  the  t w e n t y - f i r s t  cenrury .  In 1.ight: of t h e  tlremendous s p e n t  fuel. o r  

waste backlogs  t h a t  might be  p r e s e n t  a t  tha t .  t i m e  and the p o s s i b l e  pe r -  

ce ived  i n e f f e ~ L i v e n e s ~  o f  implementing P-T a f te r  s u b s t a n t i a l  ainou.nt.s of 

u n p a r t i t i o n e d  w a s t e s  have been. d i sposed  oE (see S e c t .  4 . 3 ) ,  i t  i s  clear 
t h a t  c u r r e n t  LMFBR po l i cy  might c o n f l i c t  with t h e  irnplementat.i.oa of P-T 

ovei' t h e  long  t e r m .  

3 I I  

4,4.3 Lnzplkcati.tm,ns of P-T -_l.._..___l f o r  waste d i s p o s a l  

The  waste d i s p o s a l  o p e r a t i o n s  being conducted i n  ,a f u e l  cyc1.e i n  

which spenL f u e l  i s  being rep rocessed  and p'lutonium i s  b e i n g  r e c y c l e d  

(i.e., the r e f e r e n c e  c y c l e )  would consist of g e o l o g i c  i s o l a t i o n  of H I J  

and o t h e r  TRU-contaminated w a s t e s  The d e n s i t y  (per  u n i t  of e l e c t r i c i t y )  

of the HLW i n  t he  r e p o s i t o r y  would be e s t a b l i s h e d  by u s i n g  a c r i t e r i o n  

based on the maximum a l lowab le  tempera ture  of t h e  w a s t e .  The d e n s i t y  of  

t h e  non-EiLW ( i .e. ,  non-he,zt -gene ra t ing  was te)  depends uti the volume of 

the waste 

In t he  P-.T fuel cycle, HLW and TRU-contaminated wastes would stll.1 

bc produced. The q u a n t i t i e s  and the h e a t  g e n e r a t i o n  rate of t h e  IlLW would 

be about  the same I n  b a t h  t h e  r e f e r e n c e  cyc1.r. nnd the P-T c y c l e ,  prircarij-y 

because the f i s s i o n  product  c o n t e n t  is the same i n  each case. T h e  

arnounts of  non-h igh- leve l ,  TRU-contaminated wastes w m l d  be soniewhat 

l a r g e r  i n  t h e  P-T c y c l e  t h a n  i n  t he  r e f e r e n c e  c y c l e  by a s i g n i f i c a n t ,  

b u t  mot an overwhelming, mountr. 

I n  summary, t h e  ZmpImeiztatFota of E"-.T wou2.d have two p r i n c j p a l  i m p l i -  

c a t i o n s  f o r  waste d i s p o s a l  ac t iv i t izs :  

1 .I w a s t e  d:isposal f aci kit ies woul.d st i  19. be needed and 
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2 ,  t h e  desi.gn o r  r e q u i r e d  s i z e  of a g e o l o g i c  r e p o s i t o r y  would n o t  

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

Thus t h e r e  i s  no major impact of P-T QSI waste d i -sposa l  except  as t h e  P-T 

f a c i l i t i e s  (or t h e  l a c k  t h e r e o f )  might a f f e c t  l i c e n s i n g .  

4 , 5  Summary of Other Impacts of P--T 

T h i s  s u b s e c t i o n  p r o v i d e s  a b r i e f  r e c a p i - t u l a t i o n  of t h e  p r i n c i p a l  

p o i n t s  made i n  t h e  preceding  p o r t i o n s  of S e c t .  4 .  

summar ihed as fo l lows:  

These p o i n t s  can he 

Casks desi-gned t o  handle  f r e s h  and s p e n t  P-T f u e l s  are s u b s t a n t i -  

a l l y  d i f f e r e n t  from t h o s e  for- f r e s h  and s p e n t  normal f u e l s  because 

or' t h e  predoiirinance of t h e  neut rons  i n  t h e  P-T c y c l e .  However, i t  

appears  t h a t  t h e s e  f u e l s  can be t r a n s p o r t e d  i n  a cask  made of pres -  

enzly known materials,  a l though ( a )  t h e  c a s k  capaci . ty  is  reduced,  

(b) t h e  c a s k  can o n l y  he t r a n s p o r t e d  by r a i l ,  and ( c )  somewhat 

e x o t i c  and expensive materials ( B  C and LiH) are r e q u i r e d .  

Based on c u r r e n t  knowledge, i t  a p p e a r s  t h a t  t h e  P-T MOX f u e l  fab-  

r i c a t i o n  p l a n t  w i l l  have t o  b e  b o t h  remotely o p e r a t e d  and re- 
motely maintained whereas t h e  r e f e r e n c e  p l a n t  could b e  remotel-y 

o p e r a e d  w i t h  c o n t a c t  maintenance. T h i s  d i f f e r e n c e  is due t o  the 

i m p r o b a b i l i t y  of being  a b l e  t o  adequate ly  decontaminate  t h e  P-T 

f a c i l i t y  handl ing  the more n e u t r o n - a c t i v e  f u e l s .  

The i r r a d i a t i o n  performance of ac t in i .de  iodi.ize, and technet ium 

f u e l s  is  unknowm. It would appear  t h a t  t h e  a c t i n i d e  f u e l s  con- 

t a i n i n g  r e l a t i v e l y  d i l u t e  neptunium, americium, and curium (less 

t h a n  about  1 % )  would b e  s a t i s f a c t o r y ,  based on p a s t  o p e r a t i n g  

e x p e r i e n c e .  

There is  some q u e s t i o n  about  t h e  d i s p o s i t i o n  of t h e  s p e n t  f u e l  

and/or  wastes t h a t  wsu1.d b e  produced p r i o r  t o  t h e  implementat ion 

of P-T. Holding ei.ther unreprocessed s p e n t  f u e l  o r  l i q u i d  wastes 

i n  s u r f a c e  f a c i l i t i e s  i s  expens ive  and inore risky than g e o l o g i c  

d i s p o s a l .  Long-tem r i s k  a n a l y s e s  i n d i c a t e  t h a t  d i s p o s a l  of t h e  

4 
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u n p a r t i t i o a e d  materials would n o t  a l ter  t h e  b e n e f i t s  of P-T 

s i g n i f i c a n t l y  s i n c e  they  are v e r y  small, even i f  a l l  wastes are 

p a r t i t i o n e d .  However, i f  p e r c e i v e d  r i s k  ( i n  the form o€ w a s t e  

t o x i c i t y )  were used as t h e  long-term r i s k  measure, v e r y  l i t t l e  

u n p a r t i t i o n e d  material could  b e  s e n t  t o  t h e  r e p o s i t o r y  b e f o r e  

p a r t i t i o n i n g  would become i n e f f e c t i v e  i n  an overall sense. 

5 .  Implementat ion of P-T r e q u i r e s  t h e  s u b s t a n t i a l  use of r e p r o c e s s i n g  

and a c t i n i d e  r e c y c l e ,  and may i n v o l v e  u s i n g  LMFBRs as t ransmuta-  

t i o n  d e v i c e s .  P r e s e n t  U . S .  p o l i c y  h a s  i n d e f i n i t e l y  d e f e r r e d  bo th  

of t h e s e  o p t i o n s .  

6. Even i f  P-T were t o  be implemented, a waste r e p o s i t o r y  of about  

t h e  same t y p e  and s i z e  as that:  f o r  a normal f u e l  c y c l e  ( i n  which. 

only plutonium w a s  be ing  r e c y c l e d )  would s t i l l  be  r e q u i r e d .  
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Program F i n a l  Repor t .  I V .  Misce l l aneous  Aspects, ORNL/TM-6984 ( i n  

p r e s s ) .  

2. C.  W .  Alexander ,  C. W .  Kee, A .  G.  Croff, and J .  0. Blomeke, P r o j e c t i o n s  

of Spent  F u e l  t o  B e  Discharged by t h e  U.S. Nuclear  Power t n d u s t r y ,  

ORNL/TM-6008 (October 1977)  a 

3 .  O f f i c e  of the White House P r e s s  S e c r e t a r y ,  "Statement by t h e  P r e s i d e n t  

on Nuclear  P o l i c y , "  Apr. 7 ,  1977. 
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5. ANALYSLS OF THE lNGENTiVES FOK IMPLEVENTING 
F ART IT LON I N G  .- TRAN SMUT AT I ON 

Three Inajor f ac t  u r s  ~ u s t  be cons ide red  when making a de t e rmina t ion  

concern ing  t h e  i n c e n t i  u e s  f o r  i i iq~l ementing P--T:  

1. the  inc remen ta l  sho r t - t e rm r i s k s  r e s u l t i n g  from t h e  g x t r a  

p rocess ing  r e q u i r e d  t o  implpment F-Y, 

2.  t h e  inc remen ta l  c o s t  r e s u l t i n g  f r o m  t h e  a d d i t i o n a l  Eac i l i t i e s  

and o p e r a t i o n s  r e q u i r e d  t o  implement P-7', and 

3 .  t h e  inc remen ta l  r e d u c t i o n  i n  t h e  long-term r i s k  from t h c  

r e p o s i t o r y  r c s r i l t i n g  from implementat ion of P-T. 

A n  a n a l y s i s  of each o r  t h e s e  t_lirre f a c t o r s  has been perEormed by ana lyz ing  

t h e s e  aspects of t h e  r e f e r e n c e  and P-T f u ~ l  c y c l e s  as d e s c r i b c d  i n  

Sec ts .  ? . l . l ,  2 , 2 , 1 ,  and 3 .6 .  I'he i nc remen ta l  impact.; were then  d e t e r -  

mined by t a k i n g  d i f f e r e n c e s  between t h e  a p p r o p r i a t e  v a l u e s  i n  each of  

t h e  two f u e l  c y c l e s .  Summary d e s c r i p t i o n s  of t h e s e  a n a l y s e s  are g iven  

i n  Sec r s .  5 .1  thcoug's 5 .3 ,  r e s p e c t i v e l y .  

S e c t i o n  5.4 r e l a t e s  t h e  t h r e e  f a c t o r s  t o  each o t h e r  t o  yie1.d a 

meaningful  c o s t - r i s k l b e n e f i t  a n a l y s i s  f o r  t h e  a c t i n i d e  P-T concept .  A 

b r i e f  d i s c u s s i o n  f o r  t h e  f i s s i o n  p r o d u c t s  technet ium and i0clin.e i s  g iven  

i n  S e c t .  5 .5 .  

S e c t i o n  5 .6  examines t h e  s e n s i t i - v i t y  of t h e  r e s u l t s  i n  S e c t .  5.4 t o  

v a r i o u s  assumptions made i n  t h e  unde r ly ing  a n a l y s e s  -- t h e  f i n a l  s t e p  i n  

t h e  a n a l y s i s  of t h e  i n c e n t i v e s  f o r  a c t i n i d e  P-T. 

5 .1  Short-'l'erm Risk  Ana lys i s  of P-T 

The implementat ion of P-T would r e s u l t  i n  i n c r e a s e d  r i s k  from t h e  

f u e l  cyc1.e because o 17 (1) t h e  i n c r e a s e d  p r o c e s s i n g  o r  t r a n s p o r t a t i o n ,  

( 2 )  tilhe inc reased  t o x i c i t y  r c s u l  r i n g  from a c t i n i d e  r e c y c l e ,  ( 3 )  t h e  

expend i tu re  of r e s o u r c e s  r e q u i r e d  1.0 operat t - .  t h e  f a c i l i t i e s  ( i .  e .  , 
u t i l i t i e s ) ,  and ( 4 )  t h e  l a r g e r  number of workers  i.n t h e  f a c i l i t i e s .  



T h e  approach t a k e n  w a s  to perform a proba1,i.l i s t i c  (faul t-r~ec.:) risk 

i m a l y s i s  f o r  b o t h  t h e  r e f e r e n c e  cyc le  and the P-'T c y c l e ,  which 7 

desc.ri.bed earlier e T h i s  a n a l y s i s  inc luded  o n l y  t . 1 ~  f ac.i i j . 1 3 . ~  cli;it 

would be s i g n i f i c a n t l y  a f f ec t ed  by the irriplementai: i.011 of P-T six t t  I t! 

desired end r e s u l t  i s  t h e  incrementa l  r i - s k .  Two ge~neral pnpul.,it.iou!; ~ 

t h e  p u b 1  i.c and occ.ugational.  pt?.rsc)nnel, must. Le considered f u r  t h e  c 

a t  hand There are t w o  g e n e r a l  t y p e s  o t  r i s k >  rad io logicaL arid iii?n.r-adi.~u--. 

logi.ca1, f o r  each o f  these  groups. R a d i o l o g i c a l  r i s k ,  whLi:h resul .~: :  f rc-~x 

exposure t o  r a d i a t i o n ,  can be ei ther  nroutii-te 01: accideuta . l .  In the  

a n a l y s i s  desc.r i.bed herei-n,  two sourcc?s of r o u t i n e  r a t f i o l u g i i . a l  d o s c  cv"eri: 

cons idered:  (I) of f -gas  releases from t h e  f u e l  r.eprscessi.crg p i a i i t  I K i w 2  

f a b r i c a t i o n  p l a n t ,  and w a s t e  t.reatment f a c i l i t y  o f f -gas i : : s ;  and ( 2 )  the 

dose  t o  b y s t a n d e r s  a l o n g  transportation x-outes e S t a n d a r d  envi.rur 

t r a n s p o r t  and b i o l o g i c a l  models were used t o  calculate  t h e  dose rates 

and  resu l t i . t ig  inc idence  0 . E  h e a l t h  e f f ec t s  ( c a n c e r s  and genetic c 

The s o u r c e s  of a c c i d e n t a l  r a d i d o g i c  r i s k  xere  accidentis i [I che FKP, F'F'Y, 

W'IIFs !, or t r a n s p o r t a t i o n  that  breach  contai.nment. arid resu1.t io the 

unplanned clispe.rsal of r a t l i . o a c t i v i t y ,  Nonradiologi.c;rl. r i s k  r r e s r n l - i : ~  f L ' O ~  

a c t i v i t i e s  a s s o c i a t e d  w i t h  t h e  f u e l  cyc le  ot l ier  t h a n  t!'rc:jse caused Ily 

r a d i a t i o n .  As i n  t h e  case of t h e  rad io logi .c ,a l  r i s k ,  nonr:adic?l.o~fi_.al 

r i s k  -is comprised of r o u t i n e  and accidtznt.al. csmpoiient:s, The r'rsui.ine 

component c o n s i d e r e d  w a s  t he  emiss ion  of petr ts leum cnrf ib~~st :  i o n  prodtxc t .s  

i n t o  the  atmosphere.  PetroI.eum is  asswiled t.o be u s e d  in fir:i.ng  lie 

boilers tha- t  supp1.y h e a t  t o  the .Fuel cyc1.e .C;icilities imd f o r  f w l  :i.ng 

t r a n s p o r  r a t i o n  veliicles. The soi~rc:.es 0 5  a c c i d e n t a l ,  nooradio log  i c a l  

r i s k s  are c o l l i s i o n s  t 1 i a L  occur  d u r i n g  t ranspor i ra t ion  ( p h y s  i-oal, damage) 

and i n d u s t r i a l  a c c i d e n t s .  E a c h  of the two ri.sk analyst?:; (refe-r-~:me 

cycle  and P-T cyc le)  c a l c u l a t e d  a l l  of t h e  r i s k  comporrents 1:isted above. 

The d e t a i l s  of this a n a l y s i s  are  contairied i n  T E E .  1 ;  t h u s  t-l-ley w i 3 . 1  

o n l y  b e  summarized h e r e .  
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5.1. I R e s u l t s  of short-1:Sr.m r i s k  a n a l y s i s  ..... 

Table 5 . 1  g i v c s  t h e  r e s u l t s  of  t h e  shor i - te rm r i s k  a n a l y s i s  f o r  b o t h  

t h e  r e F e r e n c r  and P-T c a s e s .  The f o l l o w i n g  paragraphs  w i l l  d i s c u s s  t h e  

s i g n i E i c a n t  a s p e c t s  of t h e s e  r e s u l t s .  

Table  5.1 i-s comprised of t h r e e  p r i n c i p a l  p o r t i o n s :  p u b l i c  r i s k ,  

occupat iona l  r i s k ,  and o v e r a l l  ( t o t a l )  r i s k .  Each porLion c o n t a i n s  

a b s o l u t e  r i s k  values, incrementa l  r i s k s ,  and r i s k  r a t io s  f o r  a c c i d e n t a l  

and r o u t i n e  r a d i o l o g i c a l  r i s k  arid n o n r a d i o l o g i c a l  r i s k  i n  b o t h  t h e  

r e f e r e n c e  c y c l e  and t h e  P-T c y c l e .  The f i r s t  impor tan t  a s p e c t  of  t h e s e  

r e s u l t s  i s  e v i d e n t  from t h e  l a s t  coluuiii, which shows t h a t  L i r e  shor t - te rm 

r i s k  from t h e  P-T c y c l e  i s  h i g h e r  than t h a t  from t h e  r e f e r e n c e  c y c l e ,  

g e n e r a l l y  by a f a c t o r  of 2 t o  3 .  This  is  a r e s u l t  of  t h e  more toxic 

n a t u r e  of  t h e  mater ia l  i n  t h e  P-T f u e l  c y c l e ,  which c o n t a i n s  such 
n u c l i d e s  as 2’‘1Am and 2 4 2 ,  244Cm. 

l’he second s i g n i f i c a n t  aspect of t h e s e  r e s u l t s  i s  t h a t  t h e  acci- 

d e n t a l  r a d i o l o g i c a l  r i s k s  a r e  much lowcr t h a n  t h e  r u u t i n e  r a d i o l o g i c a l  

r i s k s ,  and hence can g e n e r a l l y  be ignored .  The s m a l l  v a l u e s  f o r  t h e  

a c c i d e n t a l  r i s k  r e s u l t  from t h e  i m p r o b a b i l i t y  of s e r i o u s  a c c i d e n t s  and 

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

c o n t e n t s .  

A t h i r d  s i g n i f i c a n t  a s p e c t  of Table  5 .1  i s  t h a t  t h e  o c c u p a t i o n a l  

r a d i o l o g i c a l  dose i s  about  the s a m e  as t h e  p u b l i c  r a d i o l o g i c a l  dose.  

T h i s  s i m i l a r i t y  raises s c r i o u s  q u e s t i o n s  concerning whether t h e  occupa- 

t i o n a l  r i s k  can be d i r e c t l y  inc luded  i n  a c o s t - r i s k - b e n e f i t  comparison. 

This  p o i n t  i s  cons idered  f u r t h e r  i n  Sec t .  5.4. 

The f o u r t h ,  and f i n a l ,  impor tan t  aspect of Ta1)I.e 5 . 1  i s  t h e  over- 

r i d i n g  magnitude of t h e  n o n r a d i o l o g i c a l  r i s k  i.n b o t h  t h e  r e f e r e n c e  c y c l e  

and t h e  P-T c y c l e .  The p r i n c i p a l  component: of t h e  n o n r a d i o l o g i c a l  r i .sk 

i s  t h e  number of h e a l t h  e f f e c t s  r e s u l t i n g  from t h e  combustion p r o d u c t s  

(mainly CO and SO ) of  pe t ro leum used t o  make t h e  p r o c e s s  h e a t  and steam 

used a t  t h e  FKP, FFP, and t h e  WTFs. It i s  i n t e r e s t i n g  t o  n o t e  t h a t  i f  

e l e c t r i c i t y  were used b o t h  d i r e c t l y  and t o  make s t e a m ,  and i f  i t  w e r e  

assumed t h a t  t h i s  e l e c t r i c i t y  came from n u c l e a r  p l a n t s ,  t h e  n o n r a d i o l o g i c a l  

2 
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Tabls  5.1. Sumwary of tile i m p a c t  n i  P - T  on short-term r i s k  

......... ........ -. .___ _.....-...__I__ _ . .. 

Risk  [ h e a l t h  e f ft:c t- s /  CW ( e  1 -2:"' 1 ....................... 

R.isk source  Reference c y c l e  P-T cycle [ (P-T) - r e fe rence ]  Reference 

__ ................. __ -.II___ 

P--T ___ Dif fe rence  

............... __ __-..._I... I_ I__ 

General Pub l i c  

Xadiological  

Accident 5 7 
3 RO 11 t i n e  8 x 4 x in- 

1.4 

5.0 
Sub to ta l  8 4 j( 3 i(  IO-^ 5.0 

Nonradio 1 ogir_al 0.34 0.91 0.57 2.9 

Total 0.34 0.91 0.57 2.7 

Occupnt  iot ia l  

Radiological  

Accident 7 x lo-8 1 IO-? 
Rout i ne 1 .2  2 

Sub t o t  a 1  1 .2  2 x 8 x lo-' 

1 .4  

1 .7  

1.7 

Nonrad i o l o g i c a l  5 1.1 6 x lov4  2 . 2  

To ta l  1.7 3.1 1 . 4  1.5 

Overal 1 

Radiological  

Accident 6 x 8 x 
Xoutint. 2 6 

Sub to ta l  2 6 x 4 

I. . 3 

'3.0 

3.0 

Nonradiologica 1 0.34  0.91 0.57 2.7 

T o  t a l  0.34 0 .91  0.57 2 . 7  

Na tu ra l  background 1 . 0  
r a d i a t i o n  at 
125 mremfperson- 
yea r  

1. . 0 0 1 .0  

_._ _. ........... .... I 
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r i s k  would d r c r e a s e  s u b s t a n t i a l l g .  A secondaLy, but- s i g n i f i c a n f ,  p o r t i o n  

of t h e  n o n r a d i o l o g i c a l  r i s k  i s  di ie  t o  p h y s i c a l  dauiage o c c u r r i n g  i n  t r a n s -  

por ta t io in  a c c i d e n t s .  The valiir f o r  t h e  P-T c y c l e  is h i g h e r  be rause  of  

t h e  g r e a t e r  number of i u e l  ( reduced ca1,ar i ty  f u e l  c a s k ;  see S e c t .  4 . 1 )  

and w a s t c  shipments  r e q u i r r d .  

3.1.2 PersDec t ivzs  on short-cerm r i s k  a n a l y s i s  

Plac. ing t h e  r i s k s  g iven  in Table  5 . 1  intc ,  p e r s p e c t i v e  r e q u i r e s  a 

b a s i s  of comparison, which i s  d i f f i cu1 .c  because  of d i fEe rences  i n  popu- 

lations and ground r u l e s  i n  o t h e r  s t u d i e s .  However, one comparison t h a t  

i s  r e a d i l y  a v a i l h b l e  i s  n a t u r a l  backgrotind r a d i a t i o n .  Assuming an annual 

dose of  125 mrem/person, t h e  popu la t ion  used i n  t-liis scudy would i n c u r  

about  1 . 0  heaLth e f f e c t  from n a t u r a l  background p e r  GW(e)-year of  fuel 

r ep rocessed ,  t ranspor t -ed ,  and r e f a b r i c a t e d .  Thus the number of n a t t i r a l  

background h e a l t h  e f f e c t s  i s  a f a c t o r  of 2.50 g r e a t e r  t han  t h e  i n c r e a s e  

i n  r a d i o l o g i c a l  impact (= 4 x 1 0  ) caused by t h e  implem2ntat ion of P-T. 

I n  an  a b s o l u t e  s e n s e ,  then the shor t - t e rm r a d i o l o g i c a l  impact of imple- 

menting P-T i s  v e r y  small. 

-3  

I f  t h e  nonradio logica l .  e f  Eects are compared w i t h  t h e  nal ural- 

background r a d i o l o g i c a l  e f f e c i s ,  i t  is c l e a r  thair t h e  impact of P-T i s  

n e a r l y  e q u a l  t o  t h e  background r a d i o l o g i c a l  e f f e c t s .  

5.1.3 S e n s i t i v i t y  a n a l y s i s  

Based on the e r r o r  a n a l y s i s  g iven  i n  r e f .  l 2  WE b e l i e v e  t h a t  t h e  

o v e r a l l  r i s k s  suninarized ih Tab1.e 5.  I. are accur i i te  to w i t h i n  a f a c t o r  of 

2 .  The pri-ncipal.  r ea son  f o r  t h i s  re la t ive1.y h i g h  degree  of accuracy  i s  

t h a t  t h e  cont ro! l ing  a s p e c t s  of t h e  shor t - te rm r i s k  are t h e  r o u t i n e l y  

r e l e a s e d  r ad i -o log ica l  and nonrad io log i  ca l  e f f l u e n t s ,  which have a release 

p r o b a b i l i t y  of 1. There fo re ,  t h e  u n c e r t a i n t y  a s s o c i a t e d  w i t h  the  a c c i d e n t  

p r o b a b i l i t i e s ,  which would normally make t h e  o v e r a l l  e r r o r  v e r y  la . ige,  i s  

n o t  a f ac to r  i n  t h i s  c a s e  due t o  the i n s i - g n i f i c a n c e  o f  t h e  a c c i d e n t a l  r i s k  

and t h e  c e r t a i n t y  o f  t h e  rou t i i i e  r e l e a s e  p r o b a b i l i t i e s  (de f ined  t o  be 1.0) 
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5.2 Gost of P-T 

The cos t  uf P-T i s  t h e  c o s t  o f  b u i l d i n g  and opera . t ing  the P-T f i l e 1  

cycle  minus t h e  c o s t  oE t h e  r e f e r e n c e  f u e l  cycle .  T h u s  a cal .cular:ion of 

t.he c o s t  of auclI.en-r-produc~td $ 2 1  ectl i- ici . ty from t h e  r e f e r e w e  and P-T f u e l  

cyc les  i s  r e q u i r e d .  T h i s  c o s t ,  i n  t u r n ,  r e q u i r e s  knowl.c:cIge of (1) tbc: 

1tni.t (:osts o f  [:he war i ous  f i d .  cyc1.e operat:i.cms, which i riclude b o t h  

c,apit.nI n m o r t i z a t i o - n  and o p e r a t i n g  c o s t s ;  (2.) t h e  amount of material  

be ing  iiandled by each of t h e  fuel cycle  o p e r a t i o n s ;  and ( 3 )  s p c c i f i c a -  

t i o n  ~f other economic parameters such as t h e  d i s c o u n t  ra te  and the  

t i m e s  at which t h e  v a r i o u s  cash f lows  occur ,  

The f u e l  c y c l e  c o s t s  and o t h e r  economic parameters  used i n  t h i s  

si :udy w e r e  based heavily of1 Irhe current1.y ongoing programs t o  e v a l u a t e  

n1,~ l r rna t lve  r e a c t o r s  and f u e l  cycles: t h e  A l t e r n a t i v e  F u e l  Cycle  Evalu- 

a t ior l  Program (AFCEP) , and t h e  Nonprol . i fe ra t ion  Al.teriiative Systems 

Assessment Frogram (NASAP). S ince  t h e s e  s o u r c e s  g i v e  a range  of v a l u e s  

f o r  iiiaxiy of t h e  parmieters t h e  numbers used i n  t h i s  docurnenti s imply 

r e p r e s e n t  " t y p i c a l "  v a l u e s  and w i l l  b e  used w i t h o u t  s p e c i f i c  r e f e r e n c e .  

In  t h e  case o f  t h e  o p e r a t i o n s  unique t o  P-T ( v i z . ,  t h e  t w o  WI'E's 

a.nd f:he s p e c i a l l y  des igned  f u e l  s h i p p i n g  cask),  t h e  costs were based 011 

estimates by R.  M. Parsons ,  t h e  f i r m  that  prepared  t h e  preconceptual.  

d e s i g n  0 . E  t h e  W W s .  The c a p i t a l  c o s t s  of the FXZP-ITJIF and FFIZ-WTF are 

$I  035 rnil.lion and $436 m i I . l l i o n ,  r e s p e c t i v e l y ,  i n  mid-1979 d o l l a r s .  T h e  

annual  o p e r a t i n g  c o s t s  are  $71.5 m i l l i o n  f o r  t h e  FKP-WTF and $25.6 m i l l i o n  

f o r  the FFT-WTP. Assuming t h a t  i n t e r e s t  d u r i n g  c o n s t r u c t i o n  i s  36.6% of 

t h e  d i r e c t  c a p i t a l .  c o s t  and t h e  f i x e d  charge  rate on c a p i t a l  is  22.59X/year 

( " t y p i c a l  i n d u s t r i a l g 1  values i n  the AFCEP and NASAP) 

cos ts  are $195/kg L-IM f o r  trhe FICP-WTF and $ 2 4 0 / k g  HM f o r  the FFP-WI'F. 'The 

c o s t  o f  t r a n s p o r t i n g  f r e s h  and spent P-T fuels :i.s $ g o / &  EM, o r  three 

t i m e s  the c o s t  of t . r a n s p o r t i n g  t h e  s p e n t  r e f e r e n c e  fue.1. 

2 

t h e  r e s u l t i n g  u n i t  

The amounts of heavy m e t i ~ l  bei.ng hatidI.cixl by each f a c i l i t y  a r e  rela- 

t i v e l y  s t r a i g h t f o r w a r d .  I n  general ,  t h e  o p e r a t i o n s  handl-ing o n l y  t h e  MOX 



1.00 

f u e l  have o n e - t h i r d  L h e  throughput  of t h e  r e a c t o r  and r e p r o c e s s i n g  p l a n t .  

The f i s s i l e  and f e r t i l e  c red  i t s a r e  based oil t h e  f u e l  composi t ions giviJri 

i n  S e c t .  3.6 and T,Jell-knO\dn mass b a l a n c e  techniques  f o r  t h e  uranium 

enrirl iment f a c i l i i y  . T n  t h e  i n t e r e s t s  of s i m p l i c i t y ,  100% a c t i n i d e  

recovery  w a s  assumed i n  b o t h  c y c l e s .  

The d i s c o u n t i n g  procedure used i n  t h e  economic a n a l y s i s  w a s  a l s o  

s impl . i f ied  i n  t h e  i n t e r e s t s  of c l a r i t y  and l u c i d i t y .  The c o s t s  of a l l  

p r e i r r a d i a t i o n  a c t < - v i t i e s  a s  weJ-1 as  t h e  c o s t  of t h e  r e a c t o r  i . t s e l f  were 

assumed t o  occur  a t  t h e  beginning  of i r r a d i a t i - o n ,  whi.ch was d e f i n e d  as 

1::irnt. z e r o  f o r  discount j .ng purposes  - Al.1  p o s t i r r a d i a t i o n  a c t i . v i t i e s  w e r e  

assumed t o  occur  4 y e a r s  a f t e r  t h e  beginning  of i r rad i .a t i .on ,  A d i s c o u n t  

r a t e  of 1.0% w a s  used. 

5.2.2 Cost a n a l y s i s  of  P-T 

A se t  of summary f u e l  cyc le  c o s t s  can b e  developed f o r  b o t h  t h e  

r e f e r e n c e  c y c l e  and t h e  P-T c y c l e  by u s i n g  t h e  c o s t s ,  m a s s  f lows, .  and 

o t h e r  economic assumptions descri3ed above. 'This summary c o s t  a n a l y s i s ,  

which i.s g iven  i n  Table  5 . 2 ,  i s  d e s c r i b e d  i n  d e t a i l  i n  r e f .  3 .  The fi.rszr. 

column i n  Table  5 . 2  p r e s e n t s  each of t h e  f u e l  c y c l e  c o s t  components con- 

sidt.rec1 i n  t h e  a n a l y s i s .  The second column l i s t s  t h e  measurement u n i t s  

f o r  t h e s e  components; t h e  t h i r d  column l i s t s  t h e  u n i t  c o s t s .  The f o u r t h  

column p r o v i d e s  t h e  d i s c o u n t t d  u n i t  c o s t s  based on t h e  assumptions 

d e s c r i b e d  above. 'The f i f t h  column sunmar izes  t h e  m a s s  f lows f o r  t h e  

r e f e r e n c e  c y c l e .  The s i x t h  and s e v e n t h  columns g i v e  t h e  c o n t r i b u t i o n s  

of t h e  i n d i v i d u a l  f u e l  c y c l e  components t o  t h e  t o t a l ,  bus-bar cos t  of 

nuclear-produced e l e c t r i c i t y  i n  thousands o f  d o l l a r s  p e r  metric t o n  of 

heavy m e t a l  (= $/kg HM) charged t o  t h e  r e a c t o r  and i n  m i l l s  p e r  k i l o w a t t -  

hour of e l - e c t r i c i t y  produced [kWhr(e)] ,  assuming a f u e l  buraup of 

33,000 bFdd/MTHM and a 33% thermal  e f f i c i e n c y .  

i z e s  t h e  c o n t r i b u t i o n  of each component as a p e r c e n t a g e  of t h e  t o t a l .  

columns 9 through 1 2  c o n t a i n  i n f o r m a t i o n  OA the P-T c y c l e  siinil.ar t o  t h a t  

shown i n  columns 5 through 8 f a r  t h e  r e f e r e n c e  c.ycle. The las t  column i n  

Table  5.2 summarizes t h e  c o s t  i n c r e a s e s  ( d e c r e a s e s )  r e s u l t i n g  from t h e  

implementation of P-T. 

The e i g h t h  column summar- 
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bxaminat-ion o f  t h e  l a s t  coliuon of T a b l e  5 . 2  r e v e a l s  t h a t  on ly  a few 

of  t h e  many f u e l  c y c l c  operatjc;ns account  f o r  t h e  c-ost d i f f e r e n t i a l  between 

iiie r e f e r e n c e  c y c l e  and the P > T  f u e l  c y c l e ,  The n e t  c o s t  d i f f e r e n t i a l  of  

t h e  pli i ionjum ( p r e i r r a d i a t i o n  c o s t  minus p o s t i r r a d i a t  ion c r e d i t )  i s  o n l y  

0.01 m i l l / k W h r ( e ) ,  a n d  t h i s  r e s u l t s  from ~ i i e  c a r r y i n g  cha rges  on t h e  

plutonjum diic i rig i t s  r e s i d e n c e  i n  t l i ( ~  rci<3ctor. 

A s i g n i i i c a n t  cos t  d i f f e r e n t i a l  of 0 .3  rnil l /kMhr(e) i s  a t t r i b u t e d  t o  

the f \ ah r i ca t io l i  o f  t h e  MOX fiic.1. This  d i f f e ren t - i a l .  ar ises  because  2he 

i e f e r e n c c  f u e l  i s  fa’lii-irated i n  a less expr-nsive RO/CM p l a n t ,  whereas t h e  

P - !  f u ~ l  r c )qu i r e s  t h e  R O / W  p l a r t t  ( s e e  Sec t .  4-21. 

- t w i  o t h e r  obvious cos t  d i f f e r e n t i a l s  rcsiilt from t h e  presence  of t he  

WTFs i n  t h e  P-T c y c l e ,  b u t  riot t h e  rcferet i ( -e  c y c l e .  These c o s t s  are 

0 . 3 0  and 0 .50  i n i l l  j’kWhr ( e >  fo r  t h e  FFP -WTF a n d  the FKP-WYF, r e s p e c t i v e l y .  

- 
lhe c o s t  of waste rna~~;lgt=meiii; i s  a l s o  increascld s l i g h t l y  [@.@I i n i l l /  

kVhr (e> in i l 1 c 3  P-T c y c l e  because of th? l a r g e r  volume of conc re t ed  TRU 

wqstc-s I e q u i r i n g  d i s p o s a l .  

T r i p  n e t  c o s t  d i f f d r r n t i a l  from transporidtion o p e r a t i o n s ,  0.16 m i 1  I /  

kWhrCe), arisps from two sources :  t h e  mich h i g h e r  u n i t  c o s t  of t r m s p o r t j n g  

thp  np, : j~ : t  F - T  HOX f u e l  ($90/kg HM vs $3O/hg HM i n  t h e  reference c y c l e ) ,  and 

t h e  f a c t  tila! I he f r e s h  P T MGX f u e l  must a l s o  be  sh ipped  i n  tlLr same cask .  

ltius i h e  o v e r a l l  c o s t  d i f f e r e n t i a l  d w  t o  the implementat ion of P-T 

i s  c a l c u l a i e d  t o  be 1.78 iilills p e r  kl&r(e) of  nuclpar-pT-oduced e l e c t r i c i c y .  

J h i s  c o s t  i s  equivalenC t o  a n  i n c r e a s e  of  $ 3 4 2  p e r  kg E4 charged t u  L h e  

r e a c t o r .  Other  bases  of  comparison w i l l  be  d i s c u s s e d  i n  S e c t .  5 . 2 . 4 .  

5 . 2 . 3  S e n s i t i v i t y  ~ .......... ~ a n a l y s i s  

T h e  total c o s t  of P-T coul_d be  s i g n i f i c a n t l y  a l t e r e d  by the di-scovery 

of some s u p e r i o r  p r o c e s s ( e s )  f o r  t he  t r ea tmen t  of t h e  wastes t h a t  would 

subst.ari . t ial ly reduce  t h e  s i z e  of t h e  WTFs. Because of  t h e  v a r i e t y  of  

was t e s  that: [ i i u s L  be t r e a t e d  (and hence t h e  v a r i e t y  o f  p rocesses  r e q u i r e d ) ,  

i.t. i.s unl~ike1.y t h a t  t h e  c o s t s  of t h e  WTFs w i l l  ever be  reduced t o  i n s i g n i f i -  

c a n t  l e v e l s  ( s e e  S e c t .  2,5). However, t h e r e  is  a s u b s t a n t i a l  o p p o r t u n i t y  

for reduc ing  t h e  p l a n t  c o s t  by r e p l a c i n g  t h e  CEC p r o c e s s ,  which i s  used t o  
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s e p a r a t e  a c t i n i d e s  f r o m  the chemica l ly  s i m i l a r  l a n t h a n i d r s ,  wi.th a 

p r o c e s s  t h a t  is  less  space- and m a t e r i a l s - i n t e n s i v e .  If the replacement  

process  is  assurned t o  have n e g l i g i b l e  c o s t s  compared w i t h  the rest of 

t h e  WTF (a v e r y  conservati-ve assumption) 

k W h ~ ( e )  c o s t  of t h e  r e p r o c e s s i n g  WTF' by about  25%, or by 0.3.2 m i l . l / k W h r ( e ) .  

t h i s  wou1.d reduce the  0.50 m i l l /  

I n  a d d i t i o n ,  i t  might be p o s s i b l e  t o  s u b s t a n t - i a l l y  reduce the f u e l  

f a b r i c a t i o n  c o s t  d i f f e r e n t i a l  by the means describei!  i n  S e c t .  4 . 2  (:;..e., 

use. o f  t h e  s a m e  maintenance phi losophy i n  b o t h  f u e l  c y c l e s ) .  In t h i s  

case, t i h e  maximum a d d i t i o n a l  K ~ d t l c t : b I i  i n  t h e  P-T cmst d i f f e r e n t i a d  

would be 0.3  mill /kWhi-(e),  i g n o r i n g  t h e  i n c r e a s e d  w a l l  t h i c k n e s s e s  

r e q u i r e d  because  of  t h e  h i g h e r  neut ron  a c t i v i t y  of  t h e  P-T f u e l s .  

F i n a l l y ,  i t  i.s p o s s i b l e  t h a t  e r r o r s  were made in e s t i m a t i n g  t h e  

c a p i t a l .  a.ritl o p e r a t i n g  costs of t h e  WTFs. According to  r e f .  2 ,  t h e r e  i s  

a 205: cliance t h a t  t h e  a c t u a l  costs  would exceed the s t a t e d  WTP c o s t s  and 

an 80% c.harice t h a t  t h e y  would be 1.e~:;. It i s  n o t  yoss: ible  tro further 

q u a n t i f y  t h i s  s o u r c e  o f  e r r o r  w i t h o u t  a d d i t i o n a l  RLYT) o n  t h e  p a r t i t i o n i n g  

p r o c e s s e s  and a more d.etai.l.ed c o n c e p t u a l  desigri arid c o s t  a n a l y s i s  e 

In summary, a r e a s o n a b l e  lower  bound for  tlir c o s t  p e n a l t y  assoc ia ted  

w i t h  P-'C a p p e a r s  t o  be  a3out  50% of the c o s t s  s t a t e d  i n  Sec t .  5 . 2 . 2 ,  o r  

0.64 mill/kWhr ( e )  . 

5 . 2 . 4  Comparisons 

A wide v a r i e t y  of c o s t  comparisons and methods of e x p r e s s i n g  the P-T 

c o s t  d i f f e r e n t i a l  are a v a i l a b l e .  Some of these are l i s t e d  below. 

T h e  c o s t  d i f f e r e n t i a l  o f  1 . 2 8  mill.s!kWIlr(e) a t t r i b u t a b l e  to  P-T is 

e q u i v a l e n t  t o  t h e  f o l l o w i n g  : 

1. 4.8% of t h e  bus-bar ( i . e . ,  no d i s t r i b u t i o n  c o s t s )  cos t  of 

n u c l e a r  e l e c t r i c i t y ,  

2 .  2.9% of t h e  average  1978 p r i c e  of d e l i v e r e d  r e s i d e n t i a l  

e l e c t r i c i t y  i n  the Uni ted  S t a t e s  [= 4 4  mil l s /kWll r (c~) l ,  

3. $342/kg HM, 



4 .  $380 mi l l ion /yea t -  f o r  t he  e n t i r e  United S t a t e s  based on t h e  

p roduc t ion  of n u c l e a r  e l e c t r i c i t y  i n  1978 ,  

5. $1.50/year  f o r  each person  i n  t h e  Uni ted  S t a t e s  based 011 t h e  

p roduc t ion  of n u c l e a r  e l - p c t r i c i t y  i n  1918, and 

$ 9 . 2  m j  llion/GW (?)-year  - 6 .  

T t e m s  4 and 5 w i l l  i n c r e a s e  i n  d i r e c t  p r o p o r t i o n  t o  t h e  f r a c t i o n  of  

e l e c t r i c i t y  t h a t  i s  gene ra t ed  w i t h  n u c l e a r  power. 

I n  summary, t h e  c o s t  of P-T i s  s i g n i f i c a n t  and shou ld  cl.ear1.y be  

a key parameter  i n  any deci-s ion concerning t h e  implementat ion of  P-T. 

However, i t  i.s a l s o  c l e a r  t h a t  t h e  c o s t  of P-T i s  not  s u f f i c i e n t l y  

l a r g e  t o  prec lude  i t s  implementat ion based on c o s t  c o n s i d e r a t i o n s  a lone .  

5 . 3  Long-Term R i s k  Ana lys i s  of P-T 

The purpose of  t h e  lo-ag-term r i s k  ana l .ys i s  i s  t o  examine t h e  impact 

of P-T on t h e  r i s k  from t h e  geo1ogi.c r e p o s i t o r y ,  w h i c h  is assumed t o  be  

s i t u a t e d  i n  bedded s a l t .  The approach t aken  t o  perform t h i s  a n a l y s i s  

vas t o  c a l c u l a t e  t h e  amounts of r a d i o n u c l i d e s  expec ted  t o  be  r e l e a s e d  

from t h e  r e p o s i t o r y  ove r  t h e  long  term, beg inn ing  with t h e  time t-he 

r e p o s i t o r y  i s  s e a l e d .  Four  b a s i c  s t e p s  are  involved  i n  t h e  a n a l y s i s :  

(1)  cal .cii l .at ion of t h e  r e p o s i t o r y  11ucl.ide i n v e n t o r y  as a funct.i.0~1 of 

t.iitle; ( 2 )  c a l c u l a t i o n  o f  the expec ted  f r a c t i o n  of the i n v e n t o r y  r e l e a s e d  

as a f u n c t i o n  o f  t i m e ;  (3) d e t e r m i n a t i o n  of  t h e  ra te  a t  which t h e  r e p o s i -  

t o r y  releases mig ra t e  through t h e  geosphere  t o  tlie b i o s p h e r e ;  niid 

( 4 )  d e t e r m i n a t i o n  of  t h e  uptake  of t h e  r a d i o n u c l i d e s  by humans, which 

i n  t u r n  g i v e s  t h e  dose  ra tes  t o  i n d i v i d u a l  o rgans  and t h u s  t h e  h e a l t h  

e f f e c t s  r e s u l t i n g  from t h e  r e p o s i t o r y .  The las t  t h r e e  s t e p s  i n  t h e  

a n a l y s i s  w e r e  he ld  cons t anc  f o r  bot.11 The r e f e r e n c e  c y c l e  and the P-T 

c y c l e ,  and t h e  r e p o s i t o r y  n u c l i d e  i n v e n t o r y  was changed t o  corresp0n.d 

t o  a h igh-ac t in ide -con ten t  w a s t e  i.n the r e f e r e n c e  case OK a low-ac t in ide-  

c o n t e n t  w a s t e  i n  t h e  P-T case. The r e s u l t s  of  t h e  a n a l y s i s  were then  

compared t o  de t e rmine  what e f f e c t  t h e  implementat ion o f  Y--T liat3 on tho  

r e p o s i t o r y .  Of course, t h e  implementa t ion  of P-T i s  expec ted  t o  have a 

b e n e f i c i a l  e f f e c t  by r educ ing  t h e  amounts of  a c t i n i d e s  released over t h e  

long term. 
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The r e s u l t s  of t h e  repos-i.t.ory r i s k  a n a l - y s i s  and t h e  d a t a  used i n  i t s  

c a l c u l a t i o n  are d e s c r i b e d  i n  d e t a i l .  i n  r e f .  4 .  This  anal.ysis c o n s i d e r s  

t.he r e p o s i t o r y  r i s k  over: a 1-mil l ion-year  t i m e  span. Both  t h e  r e f e r e n c e  

r e p o s i t o r y  and t h e  P-T r e p o s i t o r y  were assumed t o  b e  I.ocated i n  bedded 

s a l t  a t  t h e  proposed WIPP s i t e  i n  Los  Medanos, New Mexico. T h i s  sel-ec- 

t i o n  was made because of t h e  l a r g e  amount o f  d a t a  a v a i l a b l e  f o r  the sit:e. 

The r e p o s i t o r y  c o n t a i n s  t h e  w a s t e s  from 17,000 GWyr(t) of energy from 

a PWR. Bascd on an  80% c a p a c i t y  f a c t o r  and 33% thermal  e f f i c i e n c y ,  t h i s  

is  e q u i v a l e n t  t o  17,000 x 0.33/0.80 = 7000 CW(e)-year of r e a c t o r  c a p a c i t y .  

This  v a l u e  i s  used t o  c o n v e r t  t h e  impacts  from a " r e p o s i t o r y "  b a s i s  t o  a 

" u n i t -  reac t or-capa c i t y  " b a s  i s .  

It should  b e  noted  t h a t  the long-term h e n e f i t s  were based on a v e r y  

c o n s e r v a t i v e  long-term r i s k  a n a l y s i s ,  T h i s  approach w a s  used  because i t  

w a s  an  e x p e d i t i o u s  way t o  examine t h e  i n c e n t i v e s  f o r  implementing P-T. 

The v a l u e s  used f o r  t h i s  p r o j e c t  should  n o t  bc. cons t rued  as b e i n g  appro- 

p r i a t e  f o r  o t h e r  s t u d i e s  of t h e  same area o r  f o r  s t u d i e s  o f  o t h e r  areas. 

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

a c c i d e n t s  t h a t  r e s u l t  i n  t h e  release of nucI . ides:  a slow l e a c h  inc . ident ,  

and e x p u l s i v e  e v e n t s  ( e . g .  , a volcano o r  a m e t e o r i t e ) .  Tn t.he s l o w  l e a c h  

i n c i d e n t ,  t h e  r e p o s i t o r y  is assumed t o  b e  breacl-led, and w a t e r  e n t e r s  a.nd 

d i s s o l v e s  t h e  sa l t  w h i l e  s i .multaneously l e a c h i n g  t h e  r a d i o n u c l i d e s  from 

t h e  waste a t  a s p e c i f i e d  rate.  The water t h e n  f lows t o  a n  a q u i f e r ,  which 

i n  t u r n  f lows  underground a t  t h e  ra te  o f  1 .46  m/year t o  a r iver  about  

20 km from t h e  r e p o s i t o r y .  The r e t a r d a t i o n  e f f e c t s  of t h e  geosphere on 

t h e  m i g r a t i n g  r a d i o n u c l i d e s  are  accounted f o r .  (These e f f e c t s  are 

p a r t i c u l a r l y  impor tan t  f o r  t h e  a c t i n i d e s ,  which are s t r o n g l y  s o r b e d . )  

When t h e  w a t e r  f i n a l l y  r e a c h e s  t h e  r iver ,  i t  i s  d i l u t e d  and people  are 

assumed t o  use  i t  f o r  swimming, d r i n k i n g ,  i r r i g a t i n g ,  and l i v e s t o c k  

water ing .  An envi ronmenta l  pathways model accounts  f o r  t h e  b u i l d u p  o f  

n u c l i d e s  i n  t h e  b i o s p h e r e  and t h e  dose  rates t o  several o r g a n s ,  such as 
t o t a l  body, bone, and t h y r o i d .  The probabi4. i ty  of such  a I.each e v e n t  

o c c u r r i n g  w a s  e s t i m a t e d  t o  b e  1 .4  x 10 / y e a r .  -7 



'The expuls i -ve evenL release of p a r t  of  t h e  c o n t e n t s  of t h e  rcposiLor-y 

invo1.ves a v i o l e n t  phenomenon which p h y s i c a l l y  d i s g o r g e s  the r a d i o n u c l i d e s  

on to  t h e  ground s u r f a c e ,  where they  are ava i - l ab le  € o r  consumption, resus-  

pension b y  t h c  wind and i n h a l a t i o n ,  arid contaminati.oil of water s u p p l i e s .  

This t y p e  of a c c i d e n t ,  of c o u r s e ,  bypasses  t h e  ss1.t d i s s o l u t i o n ,  wasLc? 

l e a c h i n g ,  and n u c l i d e  mig ra t ion  phases  of t h e  sl.ow-leach i n c i d e n t .  The 

nrzclides are depos i t ed  d i r e c t l y  i n  t h e  biosphp_-re, and t h e  doses  are  

calcu1at:ed from t h e  envirunmentai  pathways model.. A s  mi-ght be expec ted ,  

a ve ry  l a r g e  e x p u l s i v e  event  i.s r e q u i r e d  t o  d i sgo rge  even p a r t  o f  t h e  

c o n t e n t s  o f  a r e p o s i t o r y  l o c a t e d  800 m underground. The e x p u l s i v e  e v e n i s  

cons idered  are m e t e o r i t e  impact: arid volcanism.  S ince  on ly  l a r g e  volcanoes 

o r  metzeorites can a f f e c t  t h e  r e p o s i t o r y ,  t h e  p r o b a b i l i t y  of t h i s  r-ype of  

acci-dent  o c c u r r i n g  i s  v e i y  small, on t h e  o r d e r  of  10 /year  to 10 /year. 
-11 -13 , 

The a c c i d e n t  analysis d e s c r i b e d  above can b e  performed iii t w o  b a s i c  

modes: p r o b a b i l i s t i c  a n a l y s i s ,  and consequence a n a l y s i s .  I n  t h c  proba- 

b i ~ l i s t i c  mode, t h e  a - n a l y s i s  y ie l .ds  t h e  gT;q-ssd dose ra te  as  a f u n c t i o n  of 

t i m e .  For example, i f  the p r o b a b i l ~ i t y  of atli acc ide l i i~  m.s 1 . 4  x 10  / y e a r  
-.-/I 3 and we were c o n s i d e r i h g  a 1@00--year  time increrneiit,  then  1.4 x 10 x 10  

(= 1 . 4  x J.O-') of t he  a c c i d e n t  wou1.d be  assimed t o  occur  d u r i n g  t h a t  t i m e  

increrrrent. I f  the consequences of  the a c c i d e n t  were a dose  r a t e  of  

100 mrem/year 

100 x 1.4 x lo-'' = 0.14 mrem/year. 

r a te  than  would actual~1.y be  i n c u r r e d  by the a c c i d e n t ,  t h e  dose  rate i s  

assurried to  occur  d u r i n g  eve ry  t i m e  increment .  T h i s  mode of o p e r a t i o n  i s  

t h e  most meaningful  f o r  evaluairing r i s k  si .nce bo th  t h e  p r o b a b i ~ l i t y  and 

t h e  consequences of an  a c c i d e n t  are accounted f o r .  The second rnclde of 

o p e r a t i o n  i g n o r e s  probabi.1-ity and c o n s i d e r s  0111-y t h e  consequences of  an  

a c c i d e n t .  I n  t h e  above example, t h e  consequences would be 100 mrem/year. 

The consequence a n a l y s i s  i s  realistic i n  that i t  t e l l s  what t h e  dose  

would be  i.€ t h e  a c c i d e n t  occnr red ,  but: is  unrea l - i . s t ic  because  i t  does 

n o t  distingui.si.1 between a c c i d e n t s  t h a t  are I.i.kely and those  t h a t  are 

e f f e c t i v e l y  imposs ib l e  because  of t h e i r  1 . c ~  p r o b a b i l i t i e s .  

.-.I 

t h e n  t i le  consequences on a p r o b a b i l i s t i c  b a s i s  wou1.d be 

Although t h i s  r e s u l t s  i n  a lower dose 

A f t e r  n u c l i d r  r e l e a s e ,  tile t r a n s p o r t  and c o n c e n t r d t i o n  of  n u c l i d c s  

a'e c a l c u l a t e d  f o r  each environriwntal  r e c e p t o r  ( e .  g. water, 1 and s l i r f ace )  



a t  def i.i-ied g e o g r a p h i c a l  zones surrorinding the r e p o s i t o r y .  Then t h e  

enviro~rmiental rec :ep tor  c o n c e n t r a t i o n s  a re  t r a n s l a t e d  t o  radiation dose 

corruni.tmexts t o  t h e  various body organs us ing  the a p p l i c a b l e  environment- 

to-man pathways * These body organ dose ctsiiimitme-nts a r e  t h e r i  combitled 

w1t .h  a f f e c t e d  zonal. arid n o n s p e c i f i c  p o p u l a t i o n s  and pertinent i n c i d e n t  

ra te s  of h e a l t h  e f f e c t s  to  caJ.cuIate o v e r a l l  h e a l  t:h e f f e c t s .  These 

computations provide  t h e  nurriber o f  health efPects f o r  any de..j:ired t i m e  

increrttent dur  irig t h e  r i s k  assessrr~ent p e r i o d  of 1. i n i l l i o n  years ~ T h e  

t o t a l  zona l  p o p u h t i o n  (i. e. , t h e  p o p u l a t i o n  i n  t h e  immediate area o f  

t h e  reposi.t:rJry) was assumed t o  remain c o n s t a u t  a t  1 . 9  m i l l i o n .  

5.3. I R e s u l t s  of long-term r i s k  ..... analysis .___. 
^__l________lll_____I_ __  

T h e  resu l t s  o f  t h e  long-term r i s k  a n a l y s i s  are  summarized i n  Table  5 . 3  

f o r  the r e f e r e n c e  and P-’l? f u e l  c.ycl.es. 77ie. upper  p o r t i o n  of the  t a b l e  

g ives  the. p r i n c i p a l  c o n t r i b u t o r s  t o  t h e  long--term probabi.l.:i.:;tic (expected) 

r i s k  on a GW(e)-yea.r bas i s .  The .rnj.ddle p o r t i o n  of t h e  tab1.e summarizes 

the consequences of a s low-leach i n c i d e n t  assuiiied t o  be i n i t i a t e d  a f t e r  

t h e  r e p o s i t o r y  h a s  been c l o s e d  f o r  1.000 yea r s ,  The las t  po r t ion  of t:he 

t a b l e  summarizes t h e  consequences of a volcano  growing through t h e  reposi-  

t o r y  1.00,OOO years a f t e r  c losu re .  

The e f f e c t s  of t h e  slow leach i n c i d e n t  on a probabilistic b a s i s  are 

measured usi .ng the. p r o b a b : i l i s t i c  r:i.sk from 1 GW(e)-year o f  waste from t h e  

reposi . tory i n t e g r a t e d  over  1 ui i l l ion  y e a r s .  T h i s  i s  t h e  number of d e a t h s  

that: would Ire  expec ted  from t h e  waste diiring the e n t i . r e  p e r i o d ,  based on 

the  assumptions used i n  t h e  c a l k u l a t i o n .  (These will be cons idered  

further i n  S e c t .  5 . 3 . 3 . )  A s  is  evi.dent:, t h e  long--ter-m -risk is control.led 

to  a v e r y  l a r g e  e x t e n t  by  the  c.c:mtributions froin 99Tc  and 12’1:, wliich 

c o n s t i t u t e  over 99% of the i n t e g r a t e d  r i s k  and r e s u l t  i n  5.16 and 

5.1.0 hea l th  e f f e c t s  for t he  r e f e r e n c e  and P-T c y c l e s ,  r e s p e c t i v e l y .  

These va.lnes are f o r  1 GkT(e)-year; s imi l a r  v a l u e s  :€or t h e  e n t i r e  

repository are 34,300 and 35,900 h e a l t h  e f f e c t s  over I m i l l . i u n  y e a r s  

f o r  the r e f e r e n c e  arid 1’-T cycles,  respec tli-vely. l’echnet5urn and i d i i i e  

CQntPOX t h e  r i s k  f o r  two reasons: {I) the, s l o w  leach inci .dcnt dominates  

t h e  1.ong-term probab:i.l.istic risk because  i t  was assumed t o  have  a much 



108 

T a b l e  5 .3 .  Surmary of  t h e  impact  of  P-'T on long-term r e p o s i t o r y  r i s k  

- ~~ 

R e f e r e n c e  f u e l  c y c l e  P-L' f u e l  c y c l e  

2 4 2  Pu 
230Th 

240Pu 

I n t e g r a t e d  P r o b a b i l i s t i c  R i s k  [ h e a l t h  e f f e c t s / G W ( e ) - y e a r ]  

99,rc 4 . 7  

0 . 4  

0.05  6Ra 
22gClh 0 .007 

0.001 "'Sn 
24  2 

2 30Th 

1291 

0 . 0 0 1  Pu 

5  IO-^ 
237 

5 NP 
3 225Ra 

4 . 7  

0 .4  

0.002 

9 

6 x 

6 x 

3 

I. 

1 

T o t a l  5 .16  5.10 

% of  n a t u r a l  0.077 
background 

0.076 

A c t i n i d e  
t o t a l  

0 .0633 0 .0023  

Consequence A n a l y s i s  - Leach 
I n c i d e n t  a t  1000 y e a r s  

Maximum h e a l t h  e f f e c t s  

R a t e ,  h e a l t h  6 .6  
e f f e c t s / y e a r  

Average h e a l t h  e f f e c t s  

e f f e c t s / y e a r  

t r i b u t o r s  1291 ( 8 % )  

Rate,  h e a l t h  2 .7  

P r i n c i p a l  con-- 99Tc ( 9 2 % )  

T o t a l  h e a l t h  385 
e f f e c t s / G W ( e ) - y e a r  

% of n a t u r a l  5 . 6  
background 

6 . 6  

2 . 7  

99Tc (92%) 
lZ9I (8%) 

385 

5 . 6  
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T a b l e  5 . 3  ( c o n t i n u e d )  

R e f e r e n c e  f u e l  c y c l e  P-T f u e l  Cycle  

Maximum d o s e  rate,  
mremfyear i n  zone 8 

T o t a l  body 8 

B o w  1 2  

Thyroid  3,300 

Time a t  which maximum 300,000 
o c c u r s ,  years 

8 

1 2  

3,300 

300,000 

Consequence A n a l y s i s  - Volcano 
I n c i d e n t  a t  100 ,000  y e a r s  

Maximum h e a l t h  e f f e c t s  

Rate, h e a l t h  e f f e c t s l y e a r  

Average h e a l t h  e f f e c t s  

R a t e ,  h e a l t h  e f f e c t s / y e a r  

P r i r i c i p a l  c o n t r i b u t o r s  

T o t a l  h e a l t h  e f f e c t s f  
GW ( e  1 - y e a r  

X o f  n a t u r a l  background 

Maximum d o s e  rate, 
mremfyear i n  zone 2 

T o t a l  body 

Bone 

T h y r o i d  

T i m e  a t  which maximum 
o c c u r s ,  y e a r s  

N a t u r a l  background,  
h e a l t h  e f f e c t s l y e a r  

363 

1 4  

226Ka (72%) 

239Pu (21%)  

2 2 9 ~ ~ 1  (3%)  

Np (2%) 237 

2,000 

29 

7 ,200  

16 ,300  

40 

100, no0 

48 

1.6 

0.6 

226Ra (79%) 

239Pu (8%)  

1-26s,1 (7%) 

Pu (2%) 242 

90 

1 

360 

640 

3 0 

100,000 

48 
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h i g h e r  p r o b a b i l i t y  of occur rence ;  and ( 2 )  o n l y  t h o s e  n u c l i d e s  t h a t  s o r b  

p o o r l y  o r  n o t  a t  a l l  ( i . e .  techneLirim, i o d i n e ,  neptunium, carbon)  ni .grate  

through t h e  geosphere r a p i d l y  enough t o  reach t h e  b i o s p h e r e  w i t h i n  

1 rnllI1.ion y e a r s .  Because of t h e  domiriarace of t h e  l e a c h  i n c i d e n t  and the 

l o w  a c t i n i d e  n i g r a t i o n  race,  P-T has  very  l i t t l e  e f f e c t  on t h e  i n t e g r a t e d  

r i s k ,  reducing  i t  t-(1 o n l y  0.06 h e a l t h  e f f e c t  over  iriie I.--million-year t i m e  

hor izon .  It should  be noted  t h a t  thhs  c a l c u l a t e d  b e n e f i t  of  0.06 h e a l t h -  

effect/G!(e)-year on1.y OCCUTS because of t h e  e f f e c t  of t h e  e x p u l s i v e  

e v e n t s ,  which cause  the a c t i n i d e s  t o  b e  p h y s i c a l l y  di-sgorged from t h e  

r e p o s i t o r y  and t o  circumvent t h e  s1.0~ geospher ic  migra t ion .  I f  t h e s e  

e x p u l s i v e  e v e n t s  (which are exLremely improbable) were n o t  c o n s i d e r e d ,  

t h e  b e n e f i t s  of P-T would b e  immeasurably s m a l l .  It should  f u r t h e r  be 

noted  t h a t  t h i s  i s  e f f e c L i u e l y  t h e  maxjmum expec ted  b e n e f i t  of P-T s i n c e  

a c t i n i d e  levels  a r e  n e g l i g i b l e  f n  the  P-T wastes and a d d i t i o n a l  a c t i n i d e  

r e d u c t i o n s  wou1.d b e  i n s i g n i f i c a n t .  

The l e a c h  i n c i d e n t  consequence a n a l y s i s  r e f  1 ec t s  t h e  c a l c u l a t e d  

e f f e c t s  of t h e  incj.clent, assuming t h a t  i t  occurred  1000 y e a r s  a f t e r  

r e p o s i t o r y  c l o s u r e  w i t h  a p r o b a b i l i t y  of 1-0. 

6 .6  h e a l t h  e f f e c t s / y e a r  f rom t h e  e n t i r e  r e p o s i t o r y  [ n o t  from a GW(e)-year], 

w i t h  correspondi.ng maximum dose  r a t e s  of 8 ,  1 2 ,  and 3300 mrern/year t o  t h e  

t o t a l  body, bone, and t h y r o i d ,  r e s p e c t i . v e l y .  'These maxima occur  about  

300,000 y e a r s  a f t e r  repos i - tory  closinre.  The I.each i n c i d e n t  consequence 

a n a l y s i s  i s  u s e f u l  i n  t h a t  i t  measures t h e  e f f e c t  of the i n c i d e n t  under 

t h e  assu-med ground rules ,  if i t  o c c u r s ,  and a l so  shows t h e  t o t a l  dominance 

of  t h e  "Tc and '*'I as i n  t h e  p r o b a b i l i s t i c  case. 

c o n t r i b u t i o n  of t h e  a c t i n i d e s  i s  n e g l i g i b l e  i n  t h i s  i n c i d e n t .  It shou1.d 

b e  remembered, however, t h a t  t h e  probability of the occurrence  of t h i s  

i n c i d e n t  i s  e s t i m a t e d  t o  be only  1=4 x 1 0  / y e a r ,  o r  about  once every  

7 rnil.l.ion y e a r s .  

The r e s u l t  i s  a maximum of 

A s  noted above, t h e  

7 

ThP r e s u l t s  of  rlir volcano i n c i d e n t  conspquence a n a l y s i s  have 

markedly d i f f e r e n t  c h a r a c t e r i s t i c s  from t h o s e  of  t h e  l e a c h  i n c i d e n t .  

I n  t h e  Lorrner incident. ,  t h e  volcano is  assuiiicvl t o  grow through t h e  

r e p o s i t o r y ,  e r u p t ,  and p h y s i c a l l y  e j e c t  part of thP r e p o s i t o r y  c o n t e n t s  

i n t o   be air ( suspens ion)  and o n t o  t h e  ground and water s u r f a c e  ( s u r f a c e  
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d e p o s i t i o n ) .  Accordingly,  t h e  e f f e c t s  o f  ~ r t ~ r d a t i o i ? .  tlur i.ng ge43sphi 

m i g r a t i o n  are no longer  a p p l i c a b l e  and t:he nuc , l i de  mi-;< e:j .r.cted h i : < )  t h e  

b b s p h e r e  i s  t h e  same as that :  i n  t h e  r e p o s i t o r y  a t  t i l t ?  ti.me of  the inci- 

d e n t .  The r e s u l t  i s  t h a t  the more tox:i.c- a c t i n i d e s  d i :mina te  t-lie I 

dose ,  p a r t i c u l a r l y  

is  363 h e a l t h  e f f e c t s / y e a r  f o r  t h e  referen~:e cyc le  a.nd 1.6 

y e a r  f o r  t h e  P-T c y c l e ,  w i t h  t h e  d i f fe rence  refl.ect: i:og the 

F-T. Both of t h e s e  maxi.ma o c c u r  a t  the time 0% the  inc l . t l en t  (vi.;?,, ~ 

100,000 y e a r s  a f t e r  r e p o s i t o r y  closrire.) The mximr.un close r ~ ~ e s  For 

t o t a l .  body, bone, and t h y r o i d  a r e  7200 (360) 16,300 ( 4 4 0 )  ~ and 4 C I  (32:: 

mrem/year f o r  t h e  r e f e r e n c e  and (P-T) cyc le s ,  resyec.r’i.vel.y e Al.j;h 

consequences of t h i s  a c c i d e n t  are much l a rger  chart I:’nosfr frnrn ~ % i e  s 1 . c ~  

l e a c h  i n c i d e n t ,  t h e i r  contl::Lbution t o  the prubahil.i.st%c risk a r c :  six1 

because t h e  p r o b a b i l i t y  of t h e  volcano :Cncfdent i s  on]-y a.lmut 10 / y e a r  

(once every  100 b i l l i o n  years) Ti) p u t  t h i s  n.mhcrr i n  P ~ T s ~ ~ ~ c I I ~ . ~ ~ c ! ,  the 

age  of t h e  u n i v e r s e  i s  e s t i m a t e d  t o  b e  9 to 18 b i l l i o n  yea r s .  

... 1. I . 

5.3.2 P e r s p e c t i v e s  on long-term r i s k  .._-._.._.II. a n a l y s i s  

A t o t a l  p o p u l a t i o n  of about  1,9 m i l l i o n  was assumed ko  h e  I.ivi.ng 

w i t h i n  about  150 km of  t h e  r e p o s i t o r y  :;i.te i n  the year 2020 ,  1:;aec.d 0x2 a 

‘‘high” p r o j e c t i o n .  It w a s  f u r t h e r  assumed that (1.) t h i s  popu l s t i t sn  would 

remain c o n s t a n t  and i n - p l a c e  d u r i n g  a l l  acicAdeni: scemrirss ( 2 )  t:he n a t u r a l  

background r a d i a t i o n  d o s e  w a s  1 2 5  ror.em/year, arid (3) t h e  hea.S.f:li efhiect 

rate w a s  2 x LO /person-rem. The i n t e g r a t e d  effe.c.t.s over 1 rniII.ti:>c years 

from t h e  e n t i r e  reposi tory re la te  t o  t h e  natural. background a::; fol . iows: 

p r o b a b i l i s t i c  (expec ted)  - 0.077X ( r e f e r e n c e  cycle) 0 , 0 7 6 2  (P--‘r c y c l e )  ; 

l e a c h  i n c i d e n t  consequences - 5.6% ( r e f e r e n c e  and P-’r cycle) ; and imI.canz., 

i n c i d e n t  consequences - 29% ( r e f e r e n c e  c y c l e )  1 ,3% (P-T cycI.e) I A s  is 

e v i d e n t ,  the long-tlerm impact o f  t h e  r e p o s i t o r y  is small  ersmpara:~d w i t h  

n a t u r a l  background, even i f  i t  i s  assumed that. ^_._ ext remely  iinl.j.kc?J.y h c i d e n t s  

a c t u a l l y  o c c u r .  A s  i s  e v i d e n t ,  t h e  o n l y  h s t a n r e  ia whic‘r~. P-T woul.d itstre 

a s u b s t a n t i a l  v a l u e  i s  i f  the expec ted  e f fecrs  a r c :  . i~;mrd lrir e vo 2.c: alii0 

i n c i d e n t ,  which has  a p r o b a b i l i t y  of o n l y  l i n  160 bIl1. n, actua3.3 y occur:; 

Even t h e n ,  t h e  benef i . t s  of  P-T are  sauLl.1. when compared k ~ T t h  nat:t. 

ground. 

-4 
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5.3 .3  S e n s i t i v i t y  . . . --. . a n a l y s i s  

A s  might be  expec ted ,  many of t h e  parameters  used  i n  t h e  I.ong-term 

r i s k  a n a l y s i s  could be  ques t ioned ,  p r i n c i p a l l y  because  of t h e  l o n g  ti.mes 

over  which t h e  parameters  are  assumed t o  be  know-n. ‘Che known conserva-  

t i s m s  used i n  t h e  long-t:c:rm r i s k  a n a l y s i s  are i d e n t i f i e d  i n  t h e  f i r s t  

p a r t  of t1ii.s s e c t i o n .  Next, t h e  parameters where midrange v a l u e s  were 

used and /o r  where t h e  r e s u l t a n t  long-term r i s k  i.s sens i . t i ve  t o  t h e  

parameter  are l i s t e d  and di-scussed.  F i n a I l y ,  t h e  o v e r a l l  p o s s i b l e  

changes i.n the b e n e f i t s  of P-T are  d e s c r i b e d  b r i e f l y .  

As noted i n  the prev ious  s e c t i o n ,  the b e n e f i t s  of P-T under t h e  

base-case assumptions r e s u l t  e n t i r e l y  from the  expul-s ive e v e n t s  (vol-  

canoes and m e t e o r i t e s )  s i n c e  r e t a r d a t i o n  by t h e  geosphere does o o l r  a l low 

s i g n i f i c a n t  amounts of a c t i n i d e s  t o  b e  released di.iring t h e  m i l . 1  ion-year  

t i m e  ho r i zon .  Thus, f o r  t h e  benef.Ltis of P-T t o  be  s i g n i E i e a n t l y  changed, 

e i t h e r  tlie r i s k  from tlie e x p u l s i v e  e v e n t s  must be  a l t e r e d  o r  t h e  parameters  

c o n t r o l l i n g  t h e  mig ra t ion  of t h e  a c t i n i d e s  f r o m   lie 1 enching  i n c i d e n t  must 

b e  modi.fied so t h a t  m i g r a t i o n  i s  more r a p i d  and becomes s i g n i f i c a n t .  As 

w i l l .  be  e v i d e n t ,  many of t h e  parameters  i n  t h e  s t u d y  do no t  af:Eect e i t h e r  

of t h e s e .  

5 . 3 . 3 - 1  Conservatisi i is .  . ........ . .. . The major known conserva t i sms  i n  t h e  long- 

t e r m  r i s k  a n a l y s i s  are as follows: 

1. The p r o b a b i l i t y  of t h e  (overwhelmingly dominant) l e a c h  i -ncident  
-7 w a s  assumed t o  b e  1.4  x 10  

t h e  d r a f t  G E I S  on commercial w a s i e  management5 uses a v a l u e  of 
-10 2 x 10- I3 /year .  

would lower t h e  p r o b a b i l i s t i c  e f fec ts  an3 t h e  b e n e f i t s  of P-T by 

about  a f a c t o r  of 1000 u n t i l  the e x p u l s i v e  e v e n t s  ( e . g . ,  t h e  

volcano)  w e r e  c o n t r o l l i n g .  

/ y e a r  i n  t h i s  a n a l y s i s .  However, 

This  v a l u e  ( o r  any l a r g e r  v a l u e  up t u  2 x 10 ) 

2 ,  T h e  f r a c t i o n  of the rcpos i lx i ry  inventory-  rei-eased as a re.su1t of  

a vol.cano was assumed t o  be  15%, and t h e  p o r t i o n  r e l e a s e d  as a 

r e s u l t  of a large rneLeori.tr impact was assumed t o  h e  10%. The 

d r a f t  waste managemeni: GEIS assumed a maximum release of 1% 

f o r  a l a r g e  m e t e o r i t e .  Th i s  assumption would r e s u l t  i n  an  

5 
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4 .  

5 .  

6. 

7. 

8. 

9 .  

overpredict . ion.  of t h e  consequences of t h e  expu l s tve  e v e n t s  by a 

f a c t o r  of 10 t o  15  i n  t h e  c a l c u l a t i o n s  r e p o r t e d  h e r e .  

The n u c l i d e s  r e l e a s e d  from t h e  r e p o s i t o r y  are n o t  a l l . c i w t d  t o  

move between zones o r  t o  b e  t r a n s p o r t e d  o u t  of t h e  150-km-radius  

c i r c l e  b e i n g  c o n s i d e r e d .  'This c o n s t r a i n t .  subst.ant t a l l y  i n c r e a s e s  

t h e  c o n c e n t r a t i o n s  of t h e  n u c l i d e s  on the s u r f a c e  and i n  t h e  w a t . e r .  

T h e  p o p u l a t i o n  i s  assumed t o  remain i n  p l a c e  and t o  behave i n  an 

unchanged manner even a f t e r  c a t a s t r o p h i c  e x p u l s i v e  e v e n t s  o r  i n  

the e v e n t  t h a t  w a t e r  becomes unpota5J.e because o f  si~.Lt contami- 

n a t i o n .  

The t ime h o r i z o n  was assumed t o  be 1 m i l l i o n  y e a r s ,  

Both t h e  l o c a l  ( c i r c u l a r  zone w i t h  a 150-km r a d i u s )  and t h e  

n o n s p e c i f i c  ( n n n l o c a l )  risk!; are accounted f o r .  

Neptunium w a s  assumed t o  b e  i n  i t s  most. inobile o x i d a t i o n  stat.c; 

t h e r e f o r e ,  a Rd v a l u e  of 8.1 WRY used as the  b a s i s  fo r  :i.ts 

m i g r a t i o n  rate I n  many t y p e s  of groundwater comnronI.y found 

i n  g e o s p h e r i c  media, neptuni.um w i l l  b e  i n  a less mobile  o x i d a t i o n  

state and t h u s  will have a s u b s t a n t i a 1 l . y  I.ower migration ra te .  

Technetium i s  assumed t o  have a K of 0 and t o  be in a mobile 

o x i d a t i o n  s t a t e ,  whereas i t  w i l l  p robably  have a h i g h e r  K 

Nucl ides  w e r e  assumed t o  be removed from t h e  environmenc with  a 

h a l f - l i f e  o f  30,000 y e a r s  ; however t h e  a c t u a l  val-ut-. :i.s much 

lowe-r ~ i n d i c a t i n g  a more rapi.d removal 

d 

d '  

5.3 3.2 Midrange _I_ parameters. Those parameters  i n  t h e  long-term 

r i s k  a n a l y s i s  t h a t  have some l i k e l i h o o d  of s i g n i f i c a n c e  and w e r e  midrange 

( o r  expec ted)  v a l u e s  are d i s c u s s e d  i n  t h e  fo l lowing  paragraphs I 

Leach rate.  Tile l e a c h  r a t e s  11sed i n  the long-term r i s k  arrn7ysis 

g cm 
I_____ 

- 2  -1 -6 -2 f o r  cesium and s t r o n t i u m  and 6 x 10 w e r e  6 x lo-' g c m  

day f o r  a l l  o t h e r  i s o t o p e s .  T h e  surface-to-volume r a t i o  f o r  the  JILW 

and concre tcd  wastes, which are the p r i n c i p a l  c o n t r i b u t o r s  t o  t h e  r i s k ,  

were t a k e n  t o  b e  0.2 c m  , a v a l u e  r e p r e s e n L a t i v e  of a mono1 i t h i c  w a s t e  

form f r a c t u r e d  i n t o  a f e w  large pieces .  There are t w o  p o s s i b l e  areas of 

day 
-1 

-1 



u n c e r t a i n t y  here :  t h e  l e a c h  r a t e  i t s e l f  ~ and t h e  s u r f a c e  a r e a  ( i . e . ,  

degree of f ragmenta t ion)  of t h e  w a s l l e  form. 

The u n c e r t a i n t y  of t h e  l e a c h  ra te  was studi.ec! hy r e c a ? c u l a t i . n g  t h r e e  

s e n s i t i v i t y  c a s e s  u s i n g  assu inpt i .o~~s  d t f f e r e n t  from t h o s e  of t h e  b a s e  c a s e s  

( r e f e r e n c e  and P-T) .  I n  t h e  f i r s t  c a s e ,  t h e  l e a c h  r a t e  was i.ncreaserl by 

a f a c t o r  of  1000. The r e s ; i . i I ~ ~ i n g  dose  ra tes  slmwed no changes from t h e  

b a s e  c a s e s .  T h i s  is because t h e  sa te  a t  which t h e  s a l t  di .ssoives  and is  

c a r r i e d  o u t  of t h e  r e p o s i t o r y  d u r i n g  the l e a c h  i n c i d e n t  (0.1. cm/year) i s  

l i m i c i n g  (i .e., is  sl-ower thaIi the r a t e  a t  which Lhe waste form is l e a c h i n g )  

f o r  b o t h  t h e  b a s e  and i n c r e a s e d  ].each ra.te vali.ies. l'heT-efore, t h e  w a t e r  

does n o t  contac,t  o r  reumve the nuc1i.des aLiy more q u i c k l y ,  an3 t h e  e f f e c t s  

remain t h e  snme a s  i i i  t h e  base case. 

I n  t h e  second s e n s i t i v i t y  c a s e ,  t h e  l e a c h  r a t e  was decreased by a 

f a c t o r  of 1000 from t.he base- case^ val.ues. As a resul.t, the  l e a c h  r a t e  

became more Limit ing than  t h e  s a l t  d i s s o l u t i o n  r a t e  and t h e  long-term 

r i s k  from t h e  ].each i n c i d e n t  was decreased  by a f a c t o r  of 100. The 

b e n e f i t s  of P--T were n o t  changsd s i n c e  t h e y  are  control . led by the 

e x p u l s i v e  i n c i d e n t s .  

" R e a l i s t i c ,  v a r i a b l e "  l e a c h  ra tes  were used  i n  t h e  th-i.rd s e n s i ~ t i v i t y  

case. Here 1:he l e a c h  rate was i n i t i a 1 ~ l . y  a f a c t o r  of S O 0  h i g h e r  t h a n  i n  

t h e  base  cases t o  r e f l e c t  t h e  h i g h e r  i n i t i a l  t empera tures  of t h e  waste and 

d e c l i n e d  n o n l i n e a r l y  t o  t h e  base-case v a l u e s  a f t e r  200 years. .Kecwecn 200 

arid 1000 y e a r s ,  t h e  leach r a t e  w a s  assi.med t o  be coi ls taat  a t  t h e  base-case 

v a l u e s  c i t e d  above. A f t e r  1000 y e a r s ,  t h e  l e a c h  ra te  p e r  se  cont inued  t o  

remain c o n s t a n t  a t  t h e  base-case v a l u e s ;  however, the waste f o r m  w a s  

assumed t o  d i s i n t e g r a t e  1inear l .y  w i t h  t i m e  such t h a t  i t  w a s  i n  t h e  form 

of l-mm spheres  (surfai:e a r e a  increased by a Zrtctor o f  300) a t  1 m i l l i o n  

y e a r s .  This  s c e n a r i o  had no i m p a c t  on t h e  long-term r i s k  s i n c e ,  as i n  

the f i r s t  s e n s i t i v i t y  case descr tbed above,  the salt: d i s s o l u t i o n  rate i s  

c o n t r o l l i n g  a t  a1.l t i m e s .  

S a l t  d i s s o l u t i o n .  A s  i s  e v i d e n t  from t h e  above resul ts ,  changes i n  

t h e  s a l t  d i s s o l u t i o n  rat F are more i i i iportant than  changes i n  the leach 

ra te  o r  s u r f a c e  a r e a  of t h e  w a s t e  form f o r  t h e  waste f u r i n s  of intertest. 
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r >  .Lhus ii s e n s i t i v i t y  c a s e  was e v a l u a t e d  in which the l e a c h  rates w e r e  

i o c r e n s e d  b y  a f a c t o r  oE 1000 from the base-case v a l u v s  arid frhe s a l t  

d i s s o l u t i o n  sate was i-ncreased by a f a c t o r  of IO. T h i s  iric.reased t h e  

I.mg-term r i s k  by about  a f a c t o r  of 1 0  f o r  b o t h  the  r e f e r e n c e  arid P-T 

cases ; however, as lief o r e ,  t h e  b e n e f i t s  of P-T remain unchanged because 

t h e y  are  c o n t r o l l e d  by the expulsive events and not: by the  s l o w  m i g r a t i o n  

o f  the a c t i n i d e s *  It should  be  noted  t1ia.t the base-case valaci o f  0.1. em/ 

year i s  d e r i v e d  from g e o l o g i c  c-!vi.dence, ;ind not f r o m  t h e o r e t i c a l  c a l c u -  

lations., Furthermore,  the sa1.f: remiival rate i s  1.%mited by i t s  s o l u b i l i t y  

ar id  t.he r a t e  at. whi.ch w a t e r  e n t e r s  t h e  r e p o s i t o r y .  Consequent ly  there 

is no r e a s o n  t.c b e l i e v e  t:t,:i.L t:he higher value assrimed i n  the s e n s i t i v i t y  

s t u d y  is  alq"opri.ate C)T correct I 

Nuclide r e t a r d a t i o n ,  The. d e g r e e  t o  w h i c h  a n u c l i d e  is retarded by .. . ..- ... . __. .. _. .- .__._.. .. . . 

t h e  geosphrre  i n  t h i s  r e g i o n  is  roughly  propor t iona l .  t o  the i nve r se  of 

:I5 t imes  t h c i  K. val-ue; L t l a t :  is, a r i t i~I i .d t?  w i t h  a R of 1 0  w i l l  m i g r a t e  

about  11150 zs f a s t  as oater through t.he gecasphere. The r e s u l t  (1-f con- 

s ider : ing  t h e  p a t h  1engt:hs and a 1-m:i.J.lioo-year t i m e  I-iorizoLi i n  the base 

! : xes  is that: a n u c l i d e  wi th  a R g r e a t e r  than 10 w i l l  n o t  emerge i n t o  

the b i o s p h e r e  w i t h i n  1 m i l l i o n  y e a r s ,  and n u c l i d e s  w i t h  K v a l u e s  g r e a t e r  

than. 7 o r  8 w:i - lZ  not. geriera.3.1y be s:i.gniE.icant. N o s t  n u c l i d e s  have K 

v a l u e s  t h a t  are much g r e a t e r  t h a n  10 and t h e r e f o r e  do n o t  appear  ( e . g . ,  

the m a j o r i t y  of t h e  a c t i n i d e s ) .  

d c 

d 

d 

d 

As no ted  ear l ier2 t h e  assumed K vaIues  f o r  237Np (8 .4 )  and "Tc 

( 0 . 0 )  are probal i ly  c o n s e r v a t i v e  as cornpared wi.th t h e i r  ac tua l .  v a l u e s .  

O f  the o t h e r  nuc l ides  t h a t  are  s u f f i c . i e n t l y  long- l ived  t o  m i g r a t e  t o  

t h e  b.iosphere,  o i i l y  radi.ua h a s  a K ].ow enough (== 20) so t h a t  i t  might d 
Eiiiierge i f  t:hi.s v a l u e  were suibstantinl1.y i n  error.  F o r t u n a t e l y ,  t h e  

m i g r a t i o n  rates of radium have been i n t e n s i v e l y  s t u d i e d  s i n c e  radium 

ts p r e s e n t  i n  n a t u r a l  uranium o r e s , a n d  t h e r e  appears  t o  b e  l i t t l e  chance 

t h a t  i t s  K would b e  su1istantial.J.y lower than 20. 

d 

d 

Water v e l o c i t y .  The water v e l o c i t y  parameter  r e f e r s  EO t h e  ra te  a t  

wh:i.ch water m i g r a t e s  through t h e  geosphere t o  t h e  b i o s p h e r e ,  w h t c h  was 

assumed t o  be 1.46  m/year i n  t h e  base cases. 

t:he water veloc . i ty  w a s  i n c r e a s e d  by  a f a c t o r  of 10 w a s  a l s o  examined. 

A s e n s i t i v i t y  case i n  which 



The results showed t h a t  t h e  dose  r a t e s  i n  t h e  r e f e r e n c e  and P-T cases 

were i n c r e a s e d  by f a c t o r s  oLc 1000 and 100 r e s p e c t i v e l y .  These e f f e c t s  

were p r i n c i p a l l y  due t o  t h e  f a c t  t h a t  

t o  t h e  b iosphe re  b e  f o r e  t h e  end o f  t h e  I- i i t i l l ion-year  t i m e  ho r i zon ;  

t h e r e f o r e ,  t h i s  type  of parameter  change would a FEecir t h e  b e n e f i t s  o f  

P-T. Mowever, t h e  range of water v e l o c i - t i e s  € o r  t h i s  s i t e  i s  on ly  0.02 

t o  4 . 5  in/’year. A w a t e r  v e l o c i t y  o-E 4 m / y e ~ r  i s  r e q u i r e d  i i7  o r d e r  f o r  the 

r d d  iuin pea?!< c o n c e n t r a t i o n  t o  r each  t h e  b iosphe re .  F o r  t h i s  r eason ,  t h e  

s e n s i t i v i t y  ca l cu l - a t ion  v a l u e  i s  o u t s i d e  t h e  expec ted  range  of w a t e r  

v e l o c i . t i e s  and i s  o v e r l y  c o n s e r v a t i v e .  I n  fact: ,  even i f :  t h e  maximum 

v e l o c i t y  (= 4 . 6  m/year) w e r e  used ,  t h e  radium wou1.d o n l y  b e  about: 25% of  

t h e  d i s t a n c e  t o  the. b iosphe re .  11. siioi.ild a l s o  b e  noted  t h a t  t h e  h i g h  

dose  rates i n  t h i s  casc are  also i n f l a t e d  because  O E  the l a c k  of  t r a n s -  

p o r t  of  t he  radium o u t  of t h e  n e a r - r e p o s i t o r y  zones ( i t em 3 ,  Sect .  5.3.3.1) 

A d d i t i o n a l l y ,  t h e  p r o b a b i l i e y  of t h e  l e a c h  i n c i d e n t  i s  ve ry  c o n s e r v a t i v e ,  

and t h i s  conse rva t i sm d o n e  nega te s  any possib1.e e f f e c t s  of a v a r i a b l e  

water v e l o c i t y .  

226  R a  (Kd = 20)  would be  r e l e a s e d  

Discount: rate.  The p r o p r i e t y  of d i s c o u n t i n g  f u t u r e  r i s k s  and bene- 

f i t s  t o  pu t  them i n t o  p e r s p e c t i v e  vis-2-vis  present -day  r i s k s  and c o s t s  

h a s  been a s u b j e c t  oE cori t inuing d i s c u s s i o n  f o r  many y e a r s .  In the 

long-term c a l c u i a t i o n s  d e s c r i b e d  t:l-tus far, t he  d i s c o u n t  r a t e  h a s  been 

assumed t o  be  z e r o  ( i . e . ,  no d i s c o u n t i n g ) ;  however, a p m s u a s i v e  case 

can be  made f o r  u s i n g  a p o s i t i v e  di.scoi.int ra te .  The b a s i c  t:l:iirust: of 

t h i s  argumeilt i s  t h a t  t h e  u s e  of di.scouuti.ng i s  necessa ry  t o  e n s u r e  that  

l i m i t e d  r e s o u r c e s  ( i . e . ,  money) are  s p e n t  i n  a manner t h a t  maximizes t h e  

t o t a l  number of l ives  saved throughout  t i m e .  T h e  act iual  procedure  used 

i n  discounting i s  t o  a l l o c a t e  a sum of money s p e n t  a t  t h e  p r e s e n t  t o  each 

of t h e  l ives  i t  would save  i n  t h e  f u t u r e .  Mathemat ica l ly ,  t h i s  i s  equiva-  

l.ent t o  d i s c o u n t i n g  t h t .  7.ives saved by t h a t  money* Desp i t e  t h e  l o g i c a l  

and moral  arguments that favor d i s c o u n t i n g ,  the method may be  unacceptab1.e 

t o  some. The re fo re ,  t h e  o v e r r i d i n g  t h r u s t  of t h i s  r e p o r t  concerns  on ly  

the z e r o  d i s c o u n t  ra te  case. However, f o r  compara t ive  purposes ,  a c a s e  

w i t h  a d i s c o u n t  ra te  o f  7% per  y e a r  w i l l  be  d e s c r i b e d  b e l o w ,  

3 
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The e f f e c t s  of t h e  7X-per-year d i s c o u n t i n g  are t o  reudtbr e v e n t s  

o c c u r r i n g  beyond 1000 year.; i n c o n s e q u e n t i a l  . I n  t h e  probab il is  t i c  case, 

t h e n ,  t h e  most impor tan t  nucliclc becomes ’OS,, followed by C s ,  which 

i s  about  a f a c t o r  of 1 n i i l l i o n  l o w e r .  I n  b o t h  o f  t h e  consequence cases 

( l e a c h  and v o l c a n o ) ,  t h e  e f f e c t  i s  to  make a l l  n u c l i d e s  i n s i g n i f i c a n t  

s i n c e  t h e  doses  do not b e g i n  t o  occur  f o r  about  10,000 years i n  t h e  l e a c h  

i n c i d e n t  and a t  lOQ,OOO years i n  t h e  volcano i n c i d e n t .  r h i s  nieans t h a t  

t he  r e s o u r c e s  used t o  m i t i g a t e  any detr iment-s l  impacts  of t h e  r e p o s i t o r y  

i n  t h e  d i s t a n t  f u t u r e  should  b e  i n v e s t e d  i n  t h e  economy and al lowed t o  

grow s o  t h a t  t h e y  ran b e  a p p l i e d  t o  t h e  r e p o s i t o r y  if and when i t  becomes 

‘I problem. 

137 

-----I__- P r o b a b i l i t y  of exLuls ive  e v e n t s .  A s  noted  earlier, t h e  b e n e f i t s  of 

P-T i n  the b a s e  case depend d i r e c t l y  on t h e  e x p u l s i v e  event r i sks  ( i . e . ,  

t h e  p r o b a b i l i t i e s  and consequences). As noted  i.n S e c t .  5 .3 .3 .1 ,  t h e  

conseque.nces appear  t o  b e  c o n s e r v a t i v e .  The p r o b a b i . 1 i t i e s  are v e r y  

similar t o  t h o s e  used  by o t h e r s  i n  long-term r i . s k  s t u d i e s .  There i s  no 

reason  t o  expec t  them t o  be er roneous ,  o t h e r  t h a n  t h e  f ac t  t h a t  t h e y  are 

based on e x t r a p o l a t i o n  of  more l i k e l y  e v e n t s  ( e . g . ,  smaller m e t e o r i t e s )  

o r  assume random v o l c a n i c  a c t i o n ,  Very l i t t l e  can b e  s a i d  about  t h e  

accuracy  of t h e s e  v a l u e s  e x c e p t  t h a t  t h e i r  associated events are 

ext remely  improbable.  

5 . 3 . 3 - 3  Sensitivity d i s c u s s i o n .  With r e s p e c t  t o  t h e  b e n e f i t s  of 
I__. 

a c t i n i d e  P--T, the f o l l o w i n g  s t a t e m e n t s  can be made based on t h e  preceding  

a n a l y s i s :  

1. The methods f o r  c a l c u l a t i n g  t h e  dose from t h e  assumed releases 

are  c o n s e r v a t i v e  because n u c l i d e s  cannot  b e  removed from t h e  

impact s i t e ,  t h e  t i m e  h o r i z o n  i s  v e r y  l o n g ,  a z e r o  d i s c o u n t  rate 

is  used,  and b o t h  l o c a l  and n o n l o c a l  doses  are t aken  i n t o  account .  

2. The e x p u l s i v e  e v e n t  r i s k ,  which c o n t r o l s  t h e  b e n e f i t s  i n  t h e  b a s e  

case, i s  comprised of a consequence ( r e l e a s e  f r a c t i o n )  t h a t  i s  
c o n s e r v a t i v e  by a f a c t o r  of 15 t o  20 and a p r o b a b i l i t y  about  t h e  

5 same as t h a t  used e l sewhere ,  b u t  of  unknown conserva t i sm.  
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3. l h c  l e a c h  event; which might begin  to  a f f e c t  t h e  b e n e f i t s  

s i g n i f i c a n t l y  if t h e  r -c t in idp  m i g r a t i o n  w e r e  t o  b e  increased  

roiisidci.al)_ily, can have t h i s  e f f e c t  o n l y  i f  e i t h e r  t h e  geospher ic  

~ ~ 7 2 t c r  v e l o c i t y  o r  t h e  Kd v a l u e s  of c e r t a i n  nucl. ides,  such as 

radium, are-' s u b s i m t i a l l y  i n  error .  However, even t h e  maximum 

vster v e l o c i t y  t h a i  has been observed a t  t h e  r e p o s i t o r y  s i t e  

would n o t  have 3 l a r g e  e f f e c t ,  and t h e  K, v a l u e  of one " f a s t  
U 

1nigrator" a c i i r l i d e ,  237Np, would l i k e l y  b e  conservat  ive  w h i l e  

Lliat of radium i s  well known. Even i f  theL;e unfavorable  e v e n t s  

did o c c u r ,  t h e  y r o b a b i l i t y  of t h e  l e a c h  i n c i d e n t  i s  so  g r o s s l y  

r o n s e i  v a t i v e  t h a t ,  i i a sornevJhat. less c o n s e r v a t i v e  v a l u e  were 

u s e d ,  t h e  p f f e c t s  of the-e  changes would b e  nega ted .  

1 1 1  su i i ta ry ,  t h e r e  a p p e a l s  t o  be no r e a s o n a b l e  mechanism f o r  i n c r e a s i n g  

til- 'JeneTirs: on the otlher hand, t h e r e  seems t o  b e  ample j u s t i f i c a t i o n  

For sayii ig t h a t  t h e y  a r e  h i g h e r  than would a c t u a l l y  3e expeci::tl. 

T i  is r l p a r  ti-lat t h e  o v e i a l l  r i s k  from t h e  r e p o s i t o r y  i s  t o t a l l y  

c o l i t r o l i c d  by clie leacii i n c i d e n t ,  and t h a t  t h i s  v a l u e  i s  v e r y  coinserva- 

t i v e  because of t h e  c o n s e r v a t i v e  p r o b a b i l i t y  of  t h e  i n c i d e n t ,  t h e  

c o n s c r v s t i v p  method of c a l c u l a t i n g  t h r  doses  and h e a l t h  e f f e c t s ,  and 

the  c o n s e r v a t i v e  K f o r  techi-letiiim ( t h e  p r i n c i p a l  c o n t r i b u t o r  t o  t h e  

r i  qk) 
d 

5.4 A n a l y s i s  of t h e  I n c e n t i v e s  f o r  A c t i n i d e  P-T 

S e c t i o n s  3.1-5.3 have d e s c r i b e d  t h e  development of a c o s t - r i s k - b e n e f i t  

l a i i o ,  w h i c h  wil I be tlie foca l  p o i n t  of t h e  act  i n i d e  P-T i n c e n t i v e s  ana ly-  

s is .  B P ~ G K C  developing  t h i s  r a t i o ,  however, i t  will be useEul  t o  b r i e f l y  

rcz.s.ipitiilate t h r "  p r e v i o u s  r e s u l t s  and t o  c o n v e r t  them i n t o  more u s e f u l  

units. T h i s  i s  done i n  surnmary form i n  Table  5 . 4 .  

The S a s i s  s e l e c t e d  f o r  t h e  compariscn i s  a u n i t  of n u c l e a r  e l e c t r i c i t y  

pi-oducti-on c a p a c i t y ,  namely, 1. GW(e)--year. The u n i t s  of t h e  incrementa l  

f a c i . l i t y  c o s t  are g iven  i.ri do l l -a rs ,  as expected.  However, u n i t s  of t h e  

short-term and long-term r i s k ,  which have g e n e r a l l y  been expressed  i n  

hml . th  e f f e c t s  h e r e t o f o r e ,  have been conver ted  t o  person-rem f o r  t h e  



Table:  5 e 4 .  Summary of incremental costs 
risks, and benefits of P-T 

Incremental Short-Term R i s k  to 
the General Public 

Radiological 0.003 1.6 

Total 0.57 213.50 

Incremental Long-Term Risk to 
the General Public 

P rob ah i 1.1 s tic 0.06 300 

Leach incident 

Volc.ano incident 

0 

1900 

0 

9 .5  x 10 6 

1ncrenieni:a.l. Cost 

a -4 
Based on 2 x 10 health effectlperson-rem. 
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purposes  of t h e  c o s t - r i s k - b e n e f i t  a n a l y s i s .  The convers ion  f a c t o r  used ,  

2 x h e a l t h  effecl:/person-re*ii, i s  based on d a t a  given i n  t h e  1 9 7 2  B E I R  

r e p o r t .  3 : t  should  be noted  t h a t  the  t o t a l . ,  incrementa l  shor t - te rm r i s k  t o  

t h e  g e n e r a l  p u b l i c  i n c l u d e s  a s u b s t a n t i a l  c o n t r i b u t i o n  from t h e  nonradio- 

l o g i c a l  r i s k .  The heal.th efEccts  firom t h i s  s o u r c e  have been conver ted  t o  

"equiva len t"  person-rem u s i n g  t h e  same convers ion  f a c t o r  t o  faci . l~i . tate 

comparisons.  A s  i s  e v i d e n t ,  t h e  shor t - te rm r i s k  used i n  t h e  i n c e n t i v e s  

a n a l y s i s  i s  t h e  r i s k  tu tlici' p u b l i c .  This  i s  because o c c u p a t i o n a l  r i s k  i s  

volu i l ta ry  and compensated f o r  by a s a l a r y  ( s e e  r e f .  3 ) .  

6 

The p r i n c i p a l  b a s i s  of comparison f o r  t h e  cost-r- isk-hmef i t  v a l u e s  t o  

he c a l c u l a t e d  from t h e  i a t a  p r e s e n t e d  i n  T a b l e  5 , 4  w i l l  be  t h e  $1000/person- 

r e m  c r i t e r i o n  g iven  i n  10 C F K  50, Appendix I .  This  means t h a t ,  i f  t h e  

c o s t  of reducing  t h e  dose commitment t o  some p o p u l a t i o n  i s  grclater  t h a n  

$lOOO/person-ren 01 is  n e g a t i v e ,  j u s t i f i c a t i o n  f o r  spending L i n e  rtioncy for 

P-T does n o t  e x i s t .  A l t e r n a t i v e  p r o j e c t s  (e .g . ,  highway s a f e r y  o r  a i r  

t r a f f i c  c o n t r o l  improvements) woiild provide  g r e a t e r  beneEits ( i .e . ' ,  save 

more l i v e s )  €or societ-y as a whole. Thus the $lOOO/person-rem c r i t e r i o n  

is s imply a method f o r  e n s u r i n g  a more o p t i m a l  e x p r n d i t u r e  of limited 

r e s o u r c e s .  

7 

The n e x t  t a s k  i s  t o  develop coniparab1.e v a l u e s  i n  t h e  form of d o l l a r s  

s p e n t  p e r  person-rem el.i.ininated. U n f o r t u n a t e l y ,  a v a r i e t y  of methods are 

ava i l ab le  f o r  combining t h e  d a t a  i n  Table  5 . 4  t o  a r r ive  a t  such a v a l u e  

f o r  a c t i n i d e  P-T, b u t  none of t h e s e  i s  g e n e r a l l y  a c c e p t e d .  T h e r e f o r e ,  t h e  

approach that will b e  taken  i s  t o  c a l c u l a t e  a range of t h e s e  v a l u e s  and 

compare the  range t o  t h e  c r i t e r i o n .  A summary of  t h e s e  c a l c u l a t i o n s  and 

r e s u l t s  i s  g iven  i n  Table  5.5. 

The most a p p r o p r i a t e  b a s i s  f u r  e v a l u a t i n g  t h e  a c t i n i d e  P-T concept  

i s  t h e  expec ted  ( p r o b a b i l i s t i c )  b e n e f i t s  s i n c e  u s i n g  t h e  consequence 

a n a l y s e s  as a b a s i s  i g n o r e s  t h e  extreme d i f  f e r e n c c s  i n  t h e  1.ikeIi'rrood 

of t h e  v a r i o u s  inc i .dents .  For i n s t a n c e ,  i.t i s  unreasonable  t o  b a s e  t h e  

ana l -ys i s  011 an i n c i d e n t  which would n o t  b e  expec ted  t o  O C C U T  duri.ng t h e  

e n t i r e  I.ifet:ime of t h e  un i .ve~se ,  as i s  the  case with volcanoes  (and 

m e t e o r i t e s ) .  N e v e r t h e l e s s ,  such a v a l u e  h a s  been h c l u d e d  t o  i.ndi.cate 

t h e  e f f e c t  o f  such a n  assumption.  



1.2 1. 

Tab le  5 .5 .  C a l c u l a t i o n  of t h e  c o s t  of r educ ing  t h e  long-term 
impact of a waste r e p o s i t o r y  by a c t i n i d e  P-T 

1. Cost  oE r educ ing  expec ted  long-term r i s k  i .rrespecti .ve o f  s h o r t -  
t e r m  r i s k :  

LA- ‘9 200 0°* - - $31,000/person-rem 
R1 300 

2. Cost  of r e d u c i n g  net  
s h o r t -  term) r r i s  k: 

$9 
2 3 

R = -  

3 .  C o s t  of r e d u c i n g   et 

expec ted  r ad io l~og ica l  (Long-t prin m i  tius 

200 soO* = $32,  LtO~/person-rem 0 - 1 6  

expec ted  t o t a l  ( i n c l u d i n g  n o n u a d i o l o g i c a l )  r isk:  

4 .  Cost  of r educ ing  long-term consequences of l e a c h  i.nci.derrt 
i r r e s p e c t i v e  of  sho r t - t e rm r i s k :  

$9,200,000 I _- a7 
0 

R =  
4 

5. Cost of  r educ ing  consequences of vo lcano  i n c i d e n t  i r r e s p e c t i v e  of 
short- term r i s k :  

$9,200,000 

5 9 . 5  x 106 
K = = $l.O/person-rem 
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The f i r s t  three r a t i o s  (R -R ) i n  Table  5 .5  are based on  t h e  

expec ted  long-term r i s k  ( i . e . ,  b e n e f i t s )  from a c t i n i d e  P - T .  The F i r s t  

r a t i o  i g n o r e s  t h e  shor t - te rm r i s k s  comple te ly ,  the second r a t i o  i n c l u d e s  

on3.y the short-f:r?rm r a d l o l o g i c a l  r i - sk ,  and t h e  t h i r d  r a t i o  i n c l u d e s  ____ a1.l 

shor t - te rm r i s k s  ( i . e . ,  inc l i ides  norrradio1ogii:al.). A s  shorn ,  each o f  

t h e s e  f a i l s  t o  m e e t  t h e  $lOOO/person-reiii c r i t e r i o n  3y a wide margin.  

I n  f a c t ,  t h e  c o r r e c t  i n t e r p r e t a t i o n  of t h e  negat i .ve R i s  t h a t  we wou1.d 

be  paying  $3600 t o  i n c r e a s e  I___ t h e  n e t  risk by 1 person-rem. 

1 3  

3 

The J.ast t w o  rairi.os, R and R c o n s i d e r  t h e  c o s t  o f  reducing  the 
4 5’ 

consequences O F  t h e  r e p o s i t o r y  i n c i d e n t s  i r r c s p e r  ti.ve of t h e  shoi:t-term 

r i s k s  (assuming t h a t  t hey  actiual1.y o c c u r ) .  I n  thi- case of  t he  l e a c h  

i n c i d e n t  ~ t h e  c o s t  i s  i n f i n i t e  s i n c e  a s i g n i f i c a n t  amoiint of a c t i i i i d e s  

i s  no t  r e l e a s e d  w i t h i n  t h e  t i i i ie  b o r i z o n .  In  t.he case of the volcano 

i n c i d e n t  ~ the c o s t  p e r  person-rem fa1l.s we-1.l w i t h i n  t h c  $1 OOO/person-rern 

c r i t e r i o n  a t  $ l . O / p e r s o n - r e m .  i lowrvey , as noted above?  t h i s  t ype  of 

inc ident :  i s  so u n l i k e l y  t h a t  i t  cannot  be cons ide red  as a r easonab le  

d e s i g n  o r  d e c i s i o n  b a s i s .  

On ba lance ,  t h e  most a p p r o p r i a t p  measure of the i n c e n t i v e s  f u r  

a c t i n i d e s  P-T i s  r a t i o  R which accoun t s  f o r  t h r  t o t a l  incren icn ia l  

c o s t ,  t he  t o t a l  sho r t - t e rm r i s k ,  arid t h e  t o t a l  long-term benpfS t s .  The 

f a i l u r e  of this rat So to m e e t  t h e  $lOOO/person-rem c r i t e r i o n ,  a long  w i t 1 1  

thr net expec ted  r i s k  I______ i n c r e a s e  f a r  a c t i n i d e  P-T, s t r o n g l y  i n d i c a t e s  t h a t  

t h e r e  are no t c c b n i c a l  i n c e n t i v e s  for  a c t i n i d e  P-T. F u r t h e r  suppor t  f o r  

r e j e c t i n g  t e c h n i c a l  o p t i o n s  o-il ~ l i i s  b a s i s  i s  provided  i n  t h e  1 9 7 2  EE7R 

r e p o r t  : 

3’ 

6 

The p u b l i c  iniist h e  p r o t e c t e d  from r a d i a t i o n  b u t  n o t  t o  t h e  
exterit t h a t  t h e  deg ree  of p r o t e c t i o n  provided  r e s u l t s  i n  t h e  
s u b s t i t u t i o n  or  a worse haza rd  f o r  the r a d i a t i o n  avoided.  
A d d i t i o n a l l y ,  t h e r e  s n o u l d  n o t  be  a t tempted  the r e d u c t i o n  of 
s m a l l  r i s k s   en f u r t h e r  a t  the  cost o f  l a r g e  sunis of money 
t h a t  s p e n t  otherwic;e,  would c l e a r l y  produce a g r e a t e r  b e n e f i t .  
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5.5 A n a l y s i s  of t h e  I n c e n t i v e s  f o r  
I o d i n e  and Technetium P-T 

This  section b r i - e f l y  tl-i.sccisses the. i n c e n t i v e s  f o r  p a r t i t i o n i n g  and 

t ransmut ing  technet ium and iod:i.ne S i n c e  celat .Lvely l i t t l e  work h a s  

h e m  done i n  t h e s e  areas the d i s c u s s i o n  i s  somewhat spec:ul.ative. 

5 e 5 .I. Technetium 

A s  no ted  i.n Sect .  2 . 3 ,  [io processes are c u r r e n t l y  a v a i l a b l e  f o r  

r e c o v e r i n g  technet ium from fuel. cyc1.e w a s t e s  , p r i n c i p a l l y  t h e  HLLW and 

d i s s o l v e r  s o l i d s .  As a r e s u l t  of this, b o t h  the c o s t s  of technet ium P-T 

and t h e  short-t.erm .risks are unknown. However, as i.s e v i d e n t  from :in 

i n s p e c t i o n  of Table  5.3, the p o s s i b l e  b e n e f i t s  of removing t h e  technet ium 

frorii the w a s t e  are mtich larger  than  t h o s e  o f  t h e  a c t i r i l d e s  [ 4 . 7  h e a l t h -  

effects /CW(c)-year ,  or 23,000 person-rem/C;W(e)-year] . T'hw,  t h e r e  may be  

i n c e n t i v e s  f o r  t h e  recovery  and t:ransmutation of technet ium if 

1. the c o n s e r v a t i v e  base-case assuruptions a r e  used 

2 .  a d e q u a t e  technet ium p a r t i t i o n i n g  p r o c e s s e s  can  be developed 

f o r  a few m i . l l i o n  d o l l a r s  per  GW(e)-year ot- less ,  and 

3 .  the s h o r t - t e r m  r . i sks  o f  t echnet ium P-T are a t  least as small 

as t h o s e  f o r  a c t i n i d e  P-T. 

Fo r  example, i f  the c o s t s  are $ 3  mil~l.ion/(l:Wn]!e)-year and t h e  s h o r t - t e r m  

r i s k s  a r e  3000 per:;on-.rem/GW(e) -year ,  t h e  c o s t  o f  t h e  n e t  r i s k  r e d u c t i o n  

I s  $.3,000,000/ (23,000-3,000), o r  $150/pe-rson-rem. However, i t  shou.1.d b e  

reemphasized tli;3.-t t h i s  c o n c l u s i o n  i s  based on a v e r y  c o n s e r v a t i v e  long- 

t e r m  r i s k  a n a l y s i s  (see Sec.t.  5 . 3 . 3 . 1 1  that: provides  c a l c u l a t e d  b e n e f i t s  

which are s u b s t a n t i a l l y  larger than t h o s e  a n t i c i p a t e d  f r o m  an a c t u a l  

r e p o s i t o r y .  

5.5.2 Todine 

T h e  s i t u a t r i o n  fo r  iodi-ne i s  v e r y  s i m i l a r  t:o t h a t  f o r  technet ium. 

The b e n e f i t s  are about a fac;t.or o f  10 lower than f o r  technet ium, b u t  

irrucla o:E t h e  P-T c o s t  can be coos idered  t o  be sunk (i. e .  , sbould  not  b e  
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a t t r i b u t e d  t o  P-T) s i n c e  i o d i n e  i s  r o u t i n e l y  removed froin of f -gas  s t r e a m s  

without: P-T. ILf al.1 of t h e  assumptions 1. isted above f o r  technet ium P-T 

arc. a l s o  t r u e  f o r  i o d i n e  P-T and,  i n  a d d i t i o n ,  i o d i n e  t r a n s m u t a t i o n  i s  

indeed f e a s i b l e  ( see  Sect .  3 .3 .2) ,  t h e n  t h e r e  are probah1.y i n c e n t i v e s  

f o r  i o d i n e  P-T. A s  a l s o  noted above, t h i s  c o n c l u s i o n  would be v a l i d  

o n l y  i f  t h e  c o n s e r v a t i v e  long-term r i s k  ana l -ys i s  r e s u l t s  were used. 

5 .6  A n a l y s i s  of t h e  S e n s i t i v i t y  oE 
t h e  I n c e n t i v e s  f o r  A c t i n i d e  P-T 

The purpose of this s e c t i o n  i.s t o  b r i e E l y  examine lihe s e n s i t i v i t y  

of t h r  " t h e r e  are no i n c e n t i v e s  f o r  a c t i n i d e  P-T" c o n c l u s i o n  t o  t h e  

possib1.e v a r i a t i o n  i n  t h e  t h r e e  parameters  used i n  t h e  i n c e n t i v e s  

a n a l y s i s .  

i t  wi1.S b e  assumed Khat t h e  smallest p o s s i b l e  v a l u e  fo r  t h e  cos t  of P-T 

i s  50% o f  t h e  ca1.culated c o s t  ( i - e . ,  $4.6 m i l l i o n )  and t h a t  t h e  s h o r t -  

term r i s k  i s  50% of t h e  c a l c u l a t e d  s h o r t - t e r m  r i s k  (8.0 and 1425 person- 

r e m  f o r  r a d i o l o g i c a l .  and t o t a 1 , r e s p e c t i v e l y ) .  For t h e  purposes  of t h i s  

d i s c u s s i o n ,  then,  we are  i n t e r e s t e d  o n l y  i n  e f f e c t s  t h a t  mi.ght reduce t h e  

a b s o l u t e  v a l u e s  of t h e  r a t i o s  i.n Table  5.5.  By u s i n g  t h e  $1000/person- 

r e m  c r i t e r i o n ,  w e  can back-ca lcu la te  t h a t  t h e  long-term beiief i t  must 

be 4600 person--rem/GW(e) -year  i :E on1-y t h e  shor t - te rm r a d i o l o g i c a l  r i s k  

i s  cons idered ,  and about  7000 pe*son-rem/GW(e)-year i f  t h e  t o t a l  s h o r t -  

t e r m  r i s k  i s  cons idered .  Consequent ly ,  t h e  long-term p r o b a b i l i s t i c  

b e n e f i t s  must be about  a f a c t o r  of 1 5  l a r g e r  1 1 0  j u s t i f y  a c t i n i d e  P--T. 

However, i n  l i g h t  of t h e  known conservat is ins  i n  t h e  long-term r i s k  

a n a l y s i s  ( s e e  Sect .  5 . 3 . 3 ) ,  t h e  chance t h a t  c i rcumstances  wou1.d provide  

i n c e n t i v e s  f o r  a c t i n i d e  P-T seeiiis v e r y  remote.  

Based on t h e  d i s c u s s i o n  g iven  i n  Sec ts .  5 . 1 . 3  and 5 . 2 . 3 ,  
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6. RESEARCH, DKVELOPMENT , AND DEMONSTRATION REQUIREMENTS 
FOR IMPLEMENTATION OF PBRTITIONING-‘~KANSETATLON 

The fo l lowing  s e c t i o n s  sununarize t h e  RDSlD requiremenl:s (areas of s t u d y ,  

t i m e ,  and c o s t )  f o r  f i v e  d i f f e r e n t  a s p e c t s  of P-T: p a r t i t i o n i n g ,  transmu- 

t a t i o n ,  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 ,  and misce l laneous  - 

6.1  P a r t i t i o n i n g  

The f o l l o w i n g  l i s t i n g  d e s c r i b e s  t h e  tilost impor tan t  areas of s t u d y  lilrat 

would be r e q u i r e d  - i f  p a r t i t i o n i n g  were t o  b e  implemented: 

1. Edmustive extraction of IILLW - The maximum e x t e n t  t o  which t h e  

a c t i n i d e s  can be removed from WLT,W, i n c l u d i n g  t h e  e f f e c t s  of 

f l u o r i d e  on the d e c o n t a u i n a t i o n  f a c t o r s ,  should be determined 

inore p r e c i s e l y .  

- - 

2 .  Alternatives l o  CEC - The CEC p r o c e s s  is most probably  a work-- 

a b l e ,  b u t  cumbersome, p r o c e s s  f o r  s e p a r a t i n g  the  t r i v a l e n t  a c t i -  

n i d e s  E r o m  the  t r i v a l e n t  l a n t h a n i d e s ,  A l t e r n a t i v e  p r o c e s s e s  € o r  

performing t h i s  s e p a r a t i o n  ail9 s t i l l  a c h i e v i n g  t h e  g o a l s  of 

p a r t i t i o n i n g  are v e r y  d e s i r a b l e .  

3 .  Ceric n i t ra te - -n i t r ic  ac id  leaching -. - - ‘l’he p r e c i s e  mechanism by 

which t h e  c e r i c  n i t r a t e - - n i t r i c  a c i d  system s o l u b i l i z e s  t h e  

a c t i n i d e s  i s  no t  w e l l  understood and r e q u i r e s  f u r t h e r  i n v e s t i -  

g a t i o n .  A d d i t i o n a l l y ,  work i s  needed on t h e  equipment d e s i g n  

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

r e g e n e r a t i o n  of t h e  cer ic  n i t r a t e .  

4 .  T e s t i n g  of an ?:ntegrated flowsheet __ -- A s  n o t e d  ear l ie r ,  each  of 

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

lieved t o  be f e a s i b l e  based on s e p a r a t c  l a b o r a t o r y  t e s t i n g .  How- 

ever, i t  i s  c r u c i a l  that  the e n t i r e  flowsheet, i n c l u d i n g  a l l  

i n t e r n a l  r e c y c l e  streams, he  t e s t e d  co e n s u r e  that p r o d u c t s  t h a t  

w i l l  i n t e r f e r e  w i t h  o p e r a t i o n ,  s a f e t y ,  o r  performance do n o t  

b u i l d  up i n s i d e  t h e  p l a n t .  
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5.  Process i n t e g m t i o n  s-tixdies - F u r t h e r  a n a l y t i c a l  and expe r imen ta l  

s t u d i e s  would be  r e q u i r e d  t o  a c h i e v e  a n  optimum f lowshee t  f o r  t h e  

main p l a n t  and i t s  a s s o c i a t e d  WTF. By combining t h e s e  t w o  opera-  

t i o n s  i n t o  a s i n g l e  f a c i l i t y ,  some s i m p l i f i c a t i o n s ,  such as e l i m i -  

n a t i n g  one o r  more of t h e  major p r o c e s s e s  ( e . g . ,  Purex  e x t r a c t i o n ) ,  

might  be p o s s i b l e ,  

- - --- 

Seven g e n e r a l  s t e p s  are r c q u i r e d  t o  f u l l y  develop and demonst ra te  

p a r t i t i o n i n g :  (1) p r o c e s s  r e s e a r c h  and development ,  (2) c o l d  p i l o t  p l a n t ,  

(3)  ho t  ( r a d i o a c t i v e )  p i l o t  p l a n t ,  ( 4 )  p l a n t  equipment d e s i g n  and t e s t i n g ,  

(5) pl.ant d e s i g n  and l i c e n s i n g ,  ( 6 )  p l a n t  c o n s t r u c t i o n  and t e s t i n g ,  and 

( 7 )  o p e r a t i o n .  S i n c e  t h e s e  s t e p s  g e n e r a l l y  o v e r l a p ,  i t  i s  n o t  p o s s i b l e  t o  

s p e c i f y  a d u r a t i o n  f o r  each  and to sum them t o  o b t a i n  an o v e r a l l  t ime .  

General ly  speak ing ,  t h e  f i r s t  two s t e p s  are expec ted  t o  r e q u i r e  abou t  7 

y e a r s .  The second two s t e p s  w i l l  beg in  d u r i n g  t h i s  p e r i o d  and ex tend  

abou t  4 y e a r s  beyond. 

stleps and extend about 4 y e a r s  beyond t h a t  (assuming a f a v o r a b l e  l i c e n s i n g  

c l i m a t e ) ;  t h e  c o n s t r u c t i o n  and t e s t i n g  phase  w i l l  r e q u i r e  a n  a d d i t i o n a l  4 

y e a r s .  'thus it i s  e s t i m a t e d  t h a t  a d i r e c t  and o r d e r l y  program t o  deve lop  

P-T and prepare t h e  f i r s t  p l a n t  f o r  o p e r a t i o n  w i l l  t a k e  abou t  20 y e a r s .  

A crash program might  accompl ish  t h i s  g o a l  i n  on ly  10 t o  15  yea r s ,  b u t  t h e  

c o s t s  would be h i g h e r  and t h e  r i s k  of p l a n t  f a i l u r e  due t o  un fo reseen  

p r o c e s s  d i f f i c u l t i e s  would be much g r e a t e r .  

The f i f t h  s t e p  w i l l  b e g i n  d u r i n g  the p r e v i o u s  two 

The c o s t  of RDGD ( b u t  n o t  t h e  f i r s t  commercial-s ize  p l a n t )  is esti- 

mated t o  be about  $700 m i l l i o n  (1979 d o l l a r s ) .  Most of t h i s  c o s t  is  

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

6 .2  Transmuta t ion  

I f  a c t i n i d e  t r a n s m u t a t i o n  w e r e  t o  be implemented, three p r i n c i p a l  

areas would have t o  be  I n v e s t i g a t e d :  

1." Cross-sc?ction meusurerflents - Cross s e c t i o n s  of many of t h e  

a c t i n i d e s  are n o t  s u f f i c i e n t l y  w e l l  known f o r  a c t i n i d e  transmu- 
237 242,,,, t a t i o n  purposes .  The most impor t an t  isotopes are. Np, 
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Cin. Measurements f o r  n u c l i d e s  h e a v i e r  t han  2 4 3 - 2 4 5 
241-243~n1, and 
245 Cm woi.iId be d e s i r a b l e ,  bu t  on ly  in  t h e  longe r  t e r m .  

2 .  ___. CaZcuZationaZ . . . . . . . . . studies ..._ - Real i s t ic  c a l c u l a t i o n a l  r e a c t o r  phys i c s  

s t u d i e s  would be r e q u i r e d  f o r  bo th  thermal  and fast r e a c t o r s  under 

a v a r i e % y  of r e c y c l e  modes f o r  comparat ive e v a l u a t i o n  purposes. 

3 .  _I__.--__ Irra&ation eq7eriinents - A few test a:.sembliea should be i r r rad i -  

a t e d  t o  f u l l  hurnup us ing  tho p r e f e r r e d  recyc1.e modes t o  v e r i f y  

the  c a l c u l a t i o n s  and i d e n t i f y  any u n a n t i c i p a t e d  e f f e c t s .  

Cons ider ing  t h e  s u b s t a n t i a l  e x i s t i n g  c a p a b i l i t i e s  i n  a l l  of t h e s e  areas, 

t h e s e  s t u d i e s  should r e q u i r e  about  1 5  y e a r s  and $20 m i l l i o n  (1979 d o l l a r s ) .  

6 . 3  F a b r i c a t i o n  

One of t h e  majo- r  uric-ertainti-es i n  bo th  a c t i n i d e  and f i s s i o n  product  

t r a n s m u t a t i o n  i s  the performance of t h e  v a r i o u s  f u e l s  d u r i n g  i r r a d i a r i o n .  

Immediate t e s t i n g  of f u e l s  w i . t h  h igh  c o n c e n t r a t i o n s  of neptunium, americium, 

curium, o r  combinat ions the reo f  i s  r e q u i r e d  t o  de te rmine  whether t h e s e  

fue1.s behave i n  an a c c e p t a b l e  f a sh ion  and are compat ib le  w F t h  s t anda rd  

c l add ing  materials. 

With r e s p e c t  t o  the f i s s i o n  p r o d u c t s ,  t echnet ium a l s o  r e q u i r e s  v e r i -  

f i c a t i o n  t e s t i n g  as mentioned above. I f  i o d i n e  i s  t o  he t ransmuted ,  con- 

s i d e r a b l e  development w i l l  probably be r e q u i r e d  t o  i d e n t i f y  t h e  b e s t  f u e l  

form and a c l add ing  mater ia l  t h a t  i s  compatible  with F'kie c o r r o s i v e  i o d i n e .  

T e s t i n g  of t h e  a c t i n i d e  and technet ium fuels should be r e l a t i v e l y  

s t r a i g h t f o r w a r d  a d  r e q u i r e  about  15 y e a r s  arid $100 m i l l i o n  (1979 d o l l a r s ) .  

I o d i n e  could  add s i g n i f i c a n t l y  t o  t h i s  c o s t  and take as long  as the kD&D 

f o r  t h e  a c t i n i d e s ,  depending on t h e  d i f f i c u l t y  encountered i n  r e s o l v i n g  

t h e  unknowns. 

6.4 T r a n s p o r t a t i o n  

A pro to type  s h i p p i n g  c a s k  f a b r i c a t e d  of t h e  relac ive ly  unusual mate- 

rials proposed f o r  t h e  F-T cask  would have t o  be des tgned ,  c o n s t r u c t e d ,  and 
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t e s t e d .  

1. 

2. i n v e s t i g a t i o n  of t h e  a b i l i t y  of t h e  cask t o  conduct t h e  h e a t  from 

S p e c i f i c  a s p e c t s  r e q u i r i n g  a t t e n t i o n  are: 

t echn iques  f o r  f a b r i c a t i n g  B C / C u  and L i H ,  
4 

t h e  f u e l  c o n t e n t s ,  and 

3 .  t h e  e f f e c t  of t h e  unusual  c o n s t r u c t i o n  materials on t r a n s p o r t a t i o n  

s a f e t y .  

S ince  t h i s  i s  p r i n c i p a l l y  a q u e s t i o n  of app ly ing  unusual  matertals t o  a 

wel l -def ined  s i t u a t i o n ,  about  10 y e a r s  should be r e q u i r e d  a t  a cost of $70 

m i l l i o n  (1979 d o l l a r s ) .  

6.5 Misce l laneous  Aspec ts  

The most impor tan t  mi sce l l aneous  impact t h a t  would r e q u i r e  a t  t e n t  ion  

i f  P-T w e r e  t o  be implemented is  t h e  need t o  c o n t i n u e  overall s t u d i e s  i n  

o rde r  t o  d e f i n e  t h e  p r e f e r r e d  methods of o p e r a t i n g  t h e  P-T fuel c y c l e ,  as 

well as t h e  impacts  and b e n e f i t s  of t h i s  o p e r a t i o n .  Th i s  should  be an 

ongoing a c t i v i t y  throughout  a l l  o t h e r  RDGD phases  wi th  an es t ima ted  c o s t  

of $10 m i l l i o n  (1979 d o l l a r s ) .  

6 , 6  Need f o r  KD&D 

Inasmuch as t h e r e  are no i n c e n t i v e s  for implementat ion,  f u r t h e r  

s t u d i e s  i n  any of t h e  above areas i n  suppor t  of P-T are n o t  warran ted  

u n t i l  such t i m e  t h a t  a d e c i s i o n  t o  implement P-T i s  made by the r e spons i -  

b l e  f e d e r a l  agenc ie s .  
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