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ABSTRACT 

- 
La rge -sca le  p lu ton ium r e c o v e r y l p r o c e s s i n g  - f a c i l i t i e s  a re  c u r r e n t l y  

ope ra ted  a t  t h e  U .  S. Department of Energy Hanford,  ?os Alamos N a t i o n a l  

Labora to ry ,  Rocky F l a t s ,  and Savannah R i v e r  s i t e s .  T h i s  paper p resen ts  

an overv iew of p l u t o n i u m  process c h e m i s t r y  used a t  t hese  s i t e s ,  w i t h  

p a r t i c u l a r  emphasis on s o l u t i o n  c h e m i s t r y  i n v o l v e d  i n  recovery ,  p u r i f i -  

c a t i o n ,  and waste t rea tmen t  o p e r a t i o n s .  By e x t r a p o l a t i n g  f rom t h e  

p r e s e n t  system o f  processes, t h i s  paper a l s o  a t t e m p t s  t o  c h a r t  t h e  

f u t u r e  d i r e c t i o n  o f  p lu ton ium process development and opera t i on .  Areas 

b u t e  t o  development o f  improved p r o c e s s i n g  a r e  c a l l e d  out .  

- __- - -- ._ - 

_ _  - 

- where a - b e t t e r  unders tand ing  o f  b a s i c  p l u t o n i u m  c h e m i s t r y  w i l l  c o n t r i -  

INTRODUCTION 

P lu ton ium p rocess ing  o p e r a t i o n s  o r i g i n a t e d  a t  Los Alamos and 

Han fo rd  as p a r t  o f  t h e  Manhattan P r o j e c t  i n  1943. Hanford  Opera t ions  
separa ted  p l u t o n i u m  f rom i r r a d i a t e d  r e a c t o r  f u e l  , whereas Los Alamos 

p u r i f i e d  p lu ton ium,  as w e l l  as recovered t h e  p l u t o n i u m  f rom scrap and 

res idues .  I n  t h e  1 9 5 0 ' ~ ~  s i m i l a r  p r o c e s s i n g -  f a c i l i t i e s  were c o n s t r u c t e d  

a t  Savannah R i v e r  and Rocky F l a t s .  

A l i m i t e d  overv iew of t h e  process c h e m i s t r y  used a t  these s i t e s  
w i l l  be presented. T h i s  paper w i l l  a l s o  a t t e m p t  t o  b r i d g e ,  a t  l e a s t  

p a r t i l y ,  t h e  gap between ongoing fundamental  p l u t o n i u m  research  and 

development,  and a p p l i e d  techno logy  needs. We b e l i e v e  i t  i s  i m p o r t a n t  

t o  b r i d g e  t h i s  gap,  s i n c e  a con t inuous  f l o w  o f  knowledge about p l u t o n i u m  
c h e m i s t r y  f rom academic and government l a b o r a t o r i e s  t o  t h e  P l a n t  i s  

necessary  and b e n e f i c i a l  i n  m o t i v a t i n g  and s t i m u l a t i n g  fundamental  

research  and development s tud ies .  The research  and development areas 

c a l l e d  o u t  i n  t h i s  paper a re  r e p r e s e n t a t i v e ,  we f e e l  , of those where ' 

fundamental research  and _development can make a t i m e l y  and s u b s t a n t i a l  

c o n t r i b u t i o n .  Our hope i s  t h a t  a t  l e a s t  some o f  our  suggest ions  w i l l  be 

p u r s  ued . 



PLUTONIIJM PROCESSING AT LOS ALAMOS 

.. .. ._ . e l  u ton ium - p rocess ing  .- __ a t  - L O ~  .- A1 amos - fa1  __ 1 s into:. I t h r e e  c a t e q o r i e s  :- 
- c 

1) p r e p a r a t i o n  and p u r i f i c a t i o n  of  p l u t o n i u m  meta l ,  

2)  p u r i f i c a t i o n  and p r e p a r a t i o n  of  p l u t o n i u m  ox ide ,  and 
3 )  recove ry  and p u r i f i c a t i o n  o f  p l u t o n i u m  f rom scrap  qenerated i n  

t h e  above t w o  programs, as w e l l  as t h a t  sc rap  generated i n  t h e  
- ~ -. - 

I _  research  programs I a t  Los Alamos -- and-other l a b o r a t o r i e s  __ 
th roughout  t h e  count ry .  - - - - - .c - - 

Each o f  t hese  programs has a r e a s -  t h a t  need i n v e s t i g a t i o n  and e v a l u a t i o n  

so as t o  e l i m i n a t e  p rocess ing  problems, w h i l e  y i e l d i n g  l e s s  r e s i d u e  and 

a p u r e r  p roduc t .  

P r e p a r a t i o n  and P u r i f i c a t i o n  o f  P l u t o n i u m  Meta l  

A t  Los Alamos, p l u t o n i u m  meta l  i s  p repared  by two methods - -d i rec t  

r e d u c t i o n  of t h e  o x i d e  by c a l c i u m  (DOR)***, and r e d u c t i o n  o f  PuF, by 
-. - c a l c i u m - i n  our metal p r e p a r a t i o n  1i-ne (MPL)? (see  F i g u r e  1). - 

I n  t h e  DOR process,  t h e  p l u t o n i u m  c o n t e n t  o f  t h e  r e d u c t i o n  s l a g  i s  

so low t h a t  t h e  s l a g  can be sent  t o  r e t r i e v a b l e  s t o r a g e  w i t h o u t  f u r t h e r  
p rocess ing .  The meta l  b u t t o n  t h a t  i s  produced i s  no p u r e r  than t h e  
o x i d e  feed and/or  t h e  c a l c i u m  c h l o r i d e  s a l t .  Los Alamos p u r i f i e s  t h e  

.bu t ton  by e lec t ro re f i n ino4 , ’ - ,  y i e l d i n g  a meta l  r i n g  t h a t  i s  
- > 99.96 p e r c e n t  p lu ton ium.  

on p r e p a r i n g  -pure CaC12 o r  r e c y c l i n g  the CaOz-CaClz s l a q  i e f t  a f t e r  

D0R.- The CaOz c o u l d  be c h l o r i n a t e d  i n  an i n e r t  atmosphere (no C02, 0 2 ,  

o r  HzO) ,  and thus  have a s a l t  f r e e  o f  carbonate .  
t h e  presence o f  carbonate  l e a d s  t o  meta l  w i t h  a h i g h  carbon con ten t ,  

which makes the--metal have undesi.rable p r o p e r t i e s .  - -  

Research and d e v e l o p m e n t - i s  y e t  t o  be done 

Los Alamos b e l i e v e s  
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The MPL a t  Los Alamos can accept  e i t h e r  p l u t o n i u m  n i t r a t e  s o l u t i o n  

or p l u t o n i u m  o x i d e  as feed. I f  t h e  feed i s  t h e  n i t r a t e  s o l u t i o n ,  t h e n  

t h e  process - s teps  - a re :  .- p r e c i p i t a t i o n  - o f  p l u t o n i u m  - perox ide,  hyrlro- 

f l u o r i n a t i o n  o f  t h e  p e r o x i d e  t o  PuF4, and r e d u c t i o n  o f  t h e  PuF4 t o  

me ta l .  I f  t h e  feed i s  ox ide,  t hen  i t  i s  h y d r o f l u o r i n a t e d  t o  produce 

PuF4, which i s  then reduced t o  Pu metal  w i t h  Ca meta l .  Th i s  metal  

u s u a l l y  meets t h e  s p e c i f i c a t i o n s  s e t  by t h e  meta l  f a b r i c a t i o n  person- 

n e l .  Th i s  process i s  we l l -de f i ned - -mos t  parameters are known. Some 

work should _ _  be done, however,--in measur ing - t h e  decon tamina t ion  f a c t o r  

f o r  c e r t a i n  elements when t h e y  a r e  i n  t h e  same s o l u t i o n  w i t h  c a t i o n s  and 

anions t h a t  a r e  G n r o u t i n e ,  such a3 h i g h  A l ,  Cay  Arn,-SOk, H2C2O4, e t c .  

- -  

- 

- _  

- 

P u r i f i c a t i o n  and P r e p a r a t i o n  o f  Ox ide  

Los Alamos processes c e r t a i n  r e s i d u e s  t o  an o x i d e  s u i t a b l e  f o r  t h e  

MPL, meaning t h a t  t h e  Pu02 feed can be e a s i l y  h y d r o f l u o r i n a t e d .  

I f  t h e  o x i d e  has been p repared  by c a l c i n a t i o n  o f  t h e  o x a l a t e ,  t h e n  

t h a t  o x i d e  can be easi1.y c o n v e r t e d  t o  PuF4, whereas o t h e r  ox ides  have 

poor f l u o r i n a t i o n  c h a r a c t e r i s t i c s .  - 

I n  another  process,  Los Alamos prepares o x i d e  t h a t  meets t h e  p u r i t y  

and p a r t i c l e  s p e c i f i c a t i o n s  o f  NE-E 13-1T (see F i g u r e  2) .  I n  t h i s  
process, t h e  decon tamina t ion  f a c t o r s  f o r  each o f  t h e  p r e c i p i t a t i o n s  need 

6 t o  be determined f o r  t h e  process c o n d i t i o n s  employed. 

r e p o r t e d  many decon tamina t ion  f a c t o r s  f o r  c e r t a i n  p e r o x i d e  p r e c i p i t a -  
t i o n s ,  b u t  n o t  f o r  t hese  s p e c i f i c  c o n d i t i o n s  and i m p u r i t i e s .  Less d a t a  

e x i s t  f o r  decon tamina t ion  f a c t o r s  o b t a i n e d  by o x a l a t e  p r e c i p i t a t i o n s  
t h a t  a r e  made w i t h  o i i r  c o n d i t i o n s .  

t h e  o x i d e  feed t o - t h e i r  p l a n t  must c o n t a i n  l e s s  than  15 ppm f l u o r i d e ,  

based on Pu con ten t .  T h i s  i n d i c a t e s  a need t o  know t h e  b e h a v i o r  o f  t h e  

f l u o r i d e -  i o n  d u r i n g  p e r o x i d e  and o x a l a t e  p r e c i p i t a t i o n  o f  p l u t o n i u m  from 
a v a r i e t y  o f  c o n d i t i o n s .  The b e h a v i o r  o f  many c a t i o n s  d u r i n g  these 

p r e c i p i t a t i o n s  a1 so need t o  be s t u d i e d .  

Leary,  e t  a1 . 

Fuel  f a b r i c a t o r s  have s p e c i f i e d  t h a t  

4 
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Plu ton ium Scrap Process ing  

Los Alamos-:has been _ -  p r o c e s s i n g  -- u n i  r r a d i a t e d  - p l u t o n i u m  _- scrap - s i n c e  _- - 

1944.’ Scrap p rocess ing  i s  p r e s e n t l y  b e i n g  done a t  t h e  new p l u t o n i u m  

f a c i l i t y ,  u s i n q  t h e  f l o w s h e e t  shown i n  F i g u r e  3. Feed t o  t h i s  system 
comes from t h e  v a r i e d  research  programs a t  Los Alamos and from o t h e r  

s i t e s  th rough  t h e  auspices o f  t h e  C e n t r a l  Scrap Management O f f i c e  (CSMO) 

a t  Savannah R ive r .  Los Alamos i s  p r o c e s s i n g  a wide v a r i e t y  o f  r e s i d u e s ,  

i n c l u d i n g  Pu-Be - n e u t r o n  - sources, _ _  polystyrene-PuOz-1102 - b locks ,  i n c i n e r a -  

t o r  ash, Pu-U a l l o y s  and ox ides,  Pu-Zr a l l o y s  and ox ides,  Pu-Np a l l o y s  
.- - 

--and ox ides,  Pu-Th-a1 1 oys and oxides; e t c .  
- - _. 

Processes have been deve loped f o r  t hese  sc rap  i t ems  (see F i g u r e  3) ,  
b u t  we need t o  know more about :  Pi[-Np s e p a r a t i o n s ;  Pu-Th s e p a r a t i o n s ;  

o x a l a t e  p r e c i p i t a t i o n s  f o r  b o t h  p l u s  3 and p l u s  4 va lences;  va lence 

s t a b i l i z a t i o n ;  d i s s o l u t i o n  methods f o r  h i g h - f i r e d  impure ox ides ;  i n - l i n e  
a l p h a  m o n i t o r s  t o  measure e x t r e m e l y  low c o n c e n t r a t i o n s  o f  Pu + Am i n  7M - 
“03 s o l u t i o n s ;  and s o l u b i l i t y  o f  v a r i o u s  m i x t u r e s  o f  Pu02 and UO;! under  

a v a r i e t y  o f  c o n d i t i o n s .  These processes may be e i t h e r  aqueous o r  
- pyrochemical  methods. - - 



7 

. .. . - 
r
_
 ,.~. . 

. 
.. 

... 
. 

. 
. .i’ 

.. .. 
. 

.
.

 
. 

. 
.. 

.
_

 
~ 

.- 
.. 



PLUTONIUM PROCESSING AT ROCKY FLATS 

Chemical p r o c e s s i n g  a c t i v i t i e s  i n v o l v e  - t h e  recove ry  - o f  - p l u t o n i u m  
- - -  -- - _. - -- - -  

from Rocky F l a t s  P l a n t  scrap, waste m a t e r i a l s  and res idues ,  and e f f l u e n t  

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

h i g h - p u r i t y  p l u t o n i u m  meta l  f o r  use i n  foundry  o p e r a t i o n s .  

The o r i g i n a l  p l u t o n i u m  rec0ver.y and p u r i f i c a t i o n  processes were 

adopted from Los Alamos processes __  by t h e  A u s t i n  - Company i n  1950 ( t h e  
o r i g i n a l  e n g i n e e r i n g  c o n s t r u c t i o n  c o n t r a c t o r  f o r  Rocky F1 a ts ) .  The 

processes a t  Rocky F l a t s  ape s t i l l  S i m i l a r  today,  i n m a n y  respec ts ,  t o  - 

t h e  Los Alamos process. The d e t a i l s  o f  t h e  processes a t  Rocky F l a t s  a r e  
g i v e n  i n  t h e  n e x t  paper. 

F i g u r e  4 shows a f l o w s h e e t  f o r  p l u t o n i u m  p rocess ing  a t  Rocky 

F l a t s .  Impure p l u t o n i u m  meta l  i s  sent t h r o u g h  a mo l ten  s a l t  e x t r a c t i o n  

(MSE) process t o  remove americium. The p u r i f i e d  p l u t o n i u m  meta l  i s  sen t  

t o  t h e  foundry.  P l u t o n i u m  meta l  t h a t  does n o t  meet foundry requ i remen ts  

i s  processed f u r t h e r ,  e i t h e r  t h r o u g h  an aqueous o r  e l e c t r o r e f i n i n g  

process. -The waste c h l o r i d e  s a l t  from MSE i s - d i s s o l v e d ;  t hen  t h e  

a c t i n i d e s  a r e  p r e c i p i t a t e d  w i t h  ca rbona te  and r e d i s s o l v e d  i n  7M - "03; 
and f i n a l l y ,  t h e  p l u t o n i u m  i s  recovered by an anion exchange process.  

Impure p l u t o n i i i r n  oxide res idues a r e  disso lved  i n  12M - tiN03-O. lM - HF 

under r e f l u x i n g  c o n d i t i o n s ,  and then  t h e  p l u t o n i u m  i s  recovered and 
p u r i f i e d  by an ion  exchange. P l u t o n i u m  i s  leached from o t h e r  r e s i d u e s ,  

such as meta l  and g l a s s ,  and i s  a l s o  p u r i f i e d  by anion exchange. The 

p u r i f i e d  p l u t o n i u m  e l u a t e  from t h e  an ion  exchange process i s  p r e c i p i -  
t a t e d  w i t h  hydrogen pe rox ide .  

ox ide ,  and t h e  p l u t o n i u m  o x i d e  i s  f l u o r i n a t e d .  

f l u o r i d e  i s  f i n a l l y  reduced t o  t h e  meta l  w i t h  ca lc ium. 

The p l u t o n i u m  p e r o x i d e  i s  c a l c i n e d  t o  t h e  

The p l u t o n i u m  t e t r a -  

- - - 

A c i d  waste streams a r e  sen t  t h r o u g h  a n i t r i c  a c i d  recove ry  process,  

and then  t o  a secondar-y p l u t o n i u m  recove ry  an ion  exchanqe process. 

a c i d  waste streams a r e  then sen t  t o  waste t r e a t m e n t .  

The 
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The process chemistrv research needs of Rocky Flats  are similar t o  
Los Alamos. Since there are several differences i n  the processes, a few 
additional plutonium research areas w i l l  be noted. The precipi ta t ion of 
plutonium (111)  and americium ( 1 1 1 )  carbonates from dissolved rlSE 

residues yields  actinide ( 1 1 1 )  carbonates o r  hydroxyl carbonates.' The 
physicochemical properties of these compounds are needed, as well as a n  
understanding of the soluble complexes formed i n  carbonate solution a t  
high pH. 

More s tudies  are needed on elucidating the dissolution mechanism of  
p l u t o n i i i m  dioxide i n  IiN03-HF, and on other methods of dissolution. 
Electrolyt. ic methods should be invest igated,  as well as other dissolu- 
t ion  media, such as H2SO4, H3P04,  H C 1 ,  molten s a l t s ,   et^.^ 
residues -are processed by aqueous methods, t h i s  and other advantaqes 
warrant fur ther  s t u d y  of a complete HC1 processing p l a n t .  

Since ClSE 

The chemistry of Dlutonium l iquid- to-sol id  conversion processes, 
especial ly  peroxide a n d '  oxalate prec ip i ta t ion ,  should be studied. 
Research and  development of d i rec t  thermal deni t ra t ion methods should be 
Dursued. 

Direct oxide reduction ( D O R )  i s  presently being tested on produc- 
t i o n  equipment. Eventually, i t  i s  hoped t o  eliminate the fluorination 
a n d  bomb reduction processes and  replace them w i t h  DOR.  A q a i n ,  the 
problems associated w i t h  L A N L  DOR process problems a p p l y  here. 

Higher capacity,  better-performing, and more radiat ion-resis tant  
1 0  separation materials are needed, such as new ion  exchange resins. 

Solvent ex t rac tan ts ,  similar t o  dihexyl-N,N-diethylcarbamoylmethyl- 
Dhosphonate, l 1  

acidic  wastes. The application o f  membranes and other new techniques 
s hou 1 d be expl o red. 

are  needed t o  se lec t ive ly  recover act inides  from 

The chernistr,y of waste treatment processes a n d  the development o f  
new processes are f e r t i l e  areas of research work. The speciation of 

10 



Dlu ton ium i n  b a s i c  and 1aundr.y wastes i s  needed. For example, i f  

sol i rh le  p l u t o n i u m  complexes i n  b a s i c  wastes can he dc!stro,ved, Derhaps 

u l t r a f i l t r a t i o n  c o u l d  r e p l a c e  t h e  f l o c c u l e n t - c a r r i e r  p r e c i p i t a t i n n  
process.  The c h e m i s t r y  o f  p l u t o n i u m  ( V I I )  and o f  f e r r i t e s - - a  c a n d i d a t e s  

waste t r e a t m e n t  process--needs t o  be exp lo red .  1 2  

The chemi s t r , y  o f  pyrochemical  s o o a r a t i o n  processes i s  another  

f e r t i l e  area o f  research ;  e.g., new mol ten  s a l t  systems, sc ruh  a l l o y s ,  
e tc . ;  and t h e  b e h a v i o r  o f  d i v a l e n t  p l u t o n i u m  i n  t h e s e  systems. S t u d i e s  

o f  l i q u i d  p l u t o n i u m  meta l  processes should a l s o  be e x p l o r e d ,  such as 
f i l t r a t i o n  methods t o  remove i m p u r i t i e s .  S ince  Rocky F l a t s  uses 

p l u t o n i u m  as meta l ,  methods t o  c o n v e r t  p l u t o n i u m  compounds t o  meta l  and 

p u r i f y  t h e  meta l  d i r e c t l y  a r e  h i q h - p r i o r i t y  r e s e a r c h  p r o j e c t s .  

11 



PLIUTONI IIM PROCESS I N G  AT H A N F O R D  

Recovery-Separat  i o n  Techno1 oqy 

I r r a d i a t e d  Fue l  

A h i s t o r i c a l l y  i m o o r t a n t  and c o n t i n u i n q  m i s s i o n  a t  t h e  Hanford s i t e  

i s  t o  chemical1.y process i r r a d i a t e d  r e a c t o r  f u e l  t o  r e c o v e r  and p u r i f y  

weapons-qrade p lu ton ium.  Over t h e  l a s t  40 y e a r s ,  o r  so, s e v e r a l  

processes and p lan ts - -3 is rnu th  Phosphate, REDOX, and PUREX--have been 

o p e r a t e d  t o  accompl ish  t h i s  miss ion .  P r e s e n t l y ,  o n l y  t h e  Hanford  PIJREX 

P l a n t  i s  o p e r a t i o n a l .  The Hanford PIJREX P l a n t ,  which has n o t  been 
o p e r a t e d  s i n c e  t h e  f a l l  o f  1972, i s  scheduled t o  s t a r t  up i n  t h e  e a r l y  

1980 ’s  t o  p rocess  s t o r e d  and c u r r e n t l y  produced Vanford N-Reactor f u e l .  
O f  non p l u t o n i u m - p r o d u c t i o n  r e a c t o r s  b u i l t  a t  t h e  Hanford  s i t e ,  o n l y  t h e  

N-Reactor i s  s t i l l  o p e r a t i n g .  

F i g u r e  5 i l l u s t r a t e s ,  a l b e i t  i n  v e r y  b r i e f  fash ion ,  t h e  e s s e n t i a l s  

o f  t h e  t e c h n o l o g y  t o  be employed i n  p r o d u c i n g  pure Pu02 from i r r a d i a t e d  

N-Reactor f u e l .  F o l l o w i n g  r e c e i p t  o f  t h e  f u e l  i n  t h e  PUREX P l a n t  , 
Zirca1o.y-2 c l a d d i n g  i s  c h e m i c a l l y  rernoved b,y d i s s o l u t i o n  w i t h  b o i l i n g  

Nth+F-NH4N03 s o l u t i o n  ( Z i r f l e x  p rocess) .  S m a l l  amounts o f  \IF4 r e s u l t i n g  

f rom a t t a c k  o f  uranium meta l  c o r e  by t h e  Z i r f l e x  process reagent  a r e  

me ta thes i zed  t o  Na21J207 and then d i s s o l v e d  a l o n g  w i t h  u n a t t a c k e d  uran ium 
meta l  i n  tiN03. Standard and w e l l  -known PlJPEX process t e c h n o l o g y  i s  

n r a c t i c e d  t o  r e c o v e r ,  separa te ,  and p u r i f y  p lu ton ium.  New equipment has 

been i n s t a l l e d  i n  t h e  Hanford  PUREX P l a n t  t o  c o n v e r t ,  v i a  p l u t o n i u m  

o x a l a t e ,  t h e  p u r i f i e d  PU(PIO~)L, p r o d u c t  s o l u t i o n  f rom t h e  t h i r d  p l u t o n i u m  
c,yc le  t o  Pu02 f o r  shipment o f f s i t e .  F o l l o w i n g  cust0mar.y Hanford  s i t e  

p r a c t i c e ,  t h e  d e n i t r a t e d  (-n.5-1.OM - “03) PUREX process h i g h - l e v e l  
waste (HLW) c o n t a i n i n g  smal l  amounts o f  p l u t o n i u m  and v a r y i n g  amounts o f  

o t h e r  a c t i n i d e s  (Am, Np, and U) w i l l  be a d j u s t e d  t o  > pH 9 by a d d i t i o n  

o f  NaOH, and s t o r e d  i n  newly c o n s t r u c t e d  underground double-she1 1 tanks.  

Hydra ted  i r o n  o x i d e  ( s o - c a l l e d  “ s l u d g e ” )  p r e c i p i t a t e s  when NaOH i s  

added t o  HL\d and c a r r i e s  down a lmost  a l l  t h e  p l u t o n i u m  and most o f  t h e  

1 2  
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F i q u r e  5. H a n f o r d  S i t e :  I r r a d i a t e d  Fuel  Process inq  
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o t h e r  a c t i n i d e s  i n  t h e  tILW. From pas t  p r o d u c t i o n  o p e r a t i o n s  a t  Hanford,  

a p p r o x i m a t e l y  100 o l d  s i n q l e - s h e l l  tanks  c o n t a i n  v a r y i n g  amounts o f  

sluclqe and p lu ton ium.  I n - s i t u  a n a l y s i s  (by n e u t r o n  a c t i v a t i o n  methods) 

o f  t h e s e  o l d  s ludges t o  de termine t h e i r  p l u t o n i u m  c o n t e n t  i s  s e r i o u s l y  

hampered by l a c k  o f  fundamental i n f o r m a t i o n  r e q a r d i n q  t h e  chemical  

n a t u r e  and env i ronment ,  and t h e  s i z e  of t h e  p r e c i p i t a t e d  p lu ton ium.  

Research t o  p r o v i d e  t h e  needed d a t a  base i s ,  as c a l l e d  ou t  Subsequent ly,  

needed and d e s i r a b l e .  

C u r r e n t  p l a n s  f o r  r e s t a r t  of Hanford  PUREX P l a n t  c a l l  f o r  s t o r a g e  

o f  n e u t r a l i z e d  (pH > 9) ssent  d e c l a d d i n q  s o l u t i o n  i n  d o u b l e - s h e l l  

tanks.  Depending upon o p e r a t i n g  procedures,  from two t o  four  such 

t a n k s  (each c o s t i n g  about $10,000,000) w i l l  be needed t o  s t o r e  spent 
d e c l  addent.  (The spent d e c l  addent w i  11 n o t ,  a c c o r d i n g  t o  p r e s e n t  

p l a n n i n g ,  be mixed w i t h  a l k a l i n e  HLW.) There i s  an economic i n c e n t i v e  

t o  f i n d  i n e x p e n s i v e  and sa fe  a l t e r n a t i v e  t r e a t m e n t / s t o r a q e  schemes f o r  

h a n d l i n g  t h e  spent c l a d d i n q  s o l u t i o n .  Key t o  such schemes i s ,  as 

d i s c u s s e d  subsequent ly ,  c o n c e n t r a t i o n  o f  p l u t o n i u m  and americ ium, t h e i r  

chenl ica l  spec ies  i n  t h e  d e c l a d d i n g  s o l u t i o n ,  and a s imp le  method f o r  

removinq them e f f i c i e n t l y .  

P1 u t o n i  urn Scrap P r o c e s s i n g  

I n  a d d i t i o n  t o  r e c o v e r i n g  p l u t o n i u m  f r o m  i r r a d i a t e d  r e a c t o r  f u e l ,  a 
P l u t o n i u m  Reclamat ion F a c i l i t y  (PRF)13 i s  o p e r a t e d  a t  t h e  Hanford  

s i t e  t o  - recover ,  separa te ,  and p u r i f y  k i l o g r a m  amounts o f  p l u t o n i u m  f rom 

a wide ranqe o f  u n i r r a d i a t e d  scrap  m a t e r i a l s .  As i l l i r s t r a t e d  i n  

F i q i r r e  6, a 20 percent  TBP-CC14 s o l u t i o n  i s  used t o  e x t r a c t  Pu(1V) f rom 
IiN03-HF-Al ( N O 3 ) 3  s o l u t i o n s  o f  d i s s o l v e d  scrap. The f i n a l  p roduc t  solcr- 

t i o n  f rom t h e  s t r i p  column c o n t a i n s ,  t y p i c a l l y ,  50 q L - l  p lu ton ium.  One 
o f  t h e  more t roublesome chemical  problems encountered  f rom tirile t o  t i m e  

i n  PRF o p e r a t i o n s  i s  enqendered by d i s p r o p o r t i o n a t i o n  of  Pu( I V )  t o  

P u ( I I 1 )  and Pu(V1). S i x - v a l e n t  p l u t o n i u m  i s  l e s s  w e l l  e x t r a c t e d  by TBP 

t h a n  i s  P u ( I V ) ,  i d i i l e  P u ( I I 1 )  i s  n o t  e x t r a c t e d  by TRP. Because of t h e  

kiide v a r i a b i l i t y  i n  t h e  c o m p o s i t i o n  o f  t h e  aqueous feed t o  t h e  PI?F 
e x t r a c t i o n  column, unrecoqn ized Pu( I V )  d i s p r o p o r t i o n a t i o n  can cause 
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F i g u r e  6. t i an fo rd  S i t e :  P lu ton i i im  Scrau Process inq  
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u n d e s i r a b l y  h i q h  D l i i ton ium l o s s e s  u n t i l  necessary e m p i r i c a l  f lowsheet  

ctianqes a r e  made. T h i s  exper ience emphasizes a need f o r  research  t o  

( a )  develop a u s e f u l  t o o l  (e.g., nomograph, e tc . )  t o  p r e d i c t  quick1.y and 

re: i a b l y  t h e  e x t e n t  o f  Pu( I V )  d i s p r o p o r t i o n a t i o n  i n  s o l v e n t  e x t r a c t i o n  

process  feed s o l u t i o n s ,  and ( b )  i f  p o s s i b l e ,  development o f  a r e l i a b l e  

on-1 i n e  i n s t r u m e n t  t o  veasure c o n c e n t r a t i o n s  o f  p l u t o n i u m  i n  ( 1 1 1 ) ,  
( I V ) ,  and ( V I )  o x i d a t i o n  s t a t e s  i n  feed and r a f f i n a t e  s o l u t i o n s .  

P lu ton ium Technoloav Needs: R8D O D n o r t u n i t i e s  

SDent Z i r f l e x  Process Oecladdent  
Needs. The b a s i c  p e r c e i v e d  need i s  t o  d e v i s e  and deve lop  a 

s i m p l e  process f o r  s e l e c t i v e  and e f f i c i e n t  removal o f  p l u t o n i u m  (and 

241Am) f rom spent  Z i r f l e x  process d e c l a d d i n g  s o l u t i o n .  
need, i t  rnay be necessar,y--or p rove  b e n e f i c i a l  - - t o  de termine,  by 

a p p r o p r i a t e  phys iochein ica l  methods, t h e  n a t u r e  o f  t h e  p l u t o n i u m  (and 
amer ic ium)  species i n  t h e  d e c l a d d i n g  s o l u t i o n .  A v a i l a b i l i t y  o f  a s a t i s  

f a c t o r y  t r a n s u r a n i u m  removal scheme may be one o f  t h e  key f a c t o r s  i n  

d e v i s i n g  an a l t e r n a t i v e  t o  s t o r a g e  i n  expens ive  d o u b l e - s h e l l  tanks  f o r  

spent Z i r f l e x  process s o l u t i o n  a t  t h e  Hanford  s i t e .  

To sat is f .y  t h i s  

Backqround I n f o r m a t i o n - - P o s s i  b l e  Approaches. Swanson , I 5  

1 6  1 7  Smith,  , P h i l l i p s ,  and o t h e r s  have d e s c r i b e d  many aspects  o f  t h e  
Z i r f l e x  p rocess  b u t ,  u n f o r t u n a t e l y ,  n o t  t h e  form o r  charge o f  p l u t o n i u m  

and o t h e r  a c t i n i d e s  i n  spent d e c l a d d i n q  s o l u t i o n .  Presumably, s o l u b l e  

amounts o f  t h e s e  elements a r e  p r e s e n t  as f l u o r i d e  complexes--but t h i s  

remains t o  be proven. 

We are  n o t  aware o f  any p r e v i o u s  s t u d i e s  o f  t h e  removal o f  

p l u t o n i u m  or americ ium from (NH4)2ZrFs-NH4F-NH4NO3 s o l u t i o n s .  F o r  ready 

p l a n t - s c a l e  a p p l i c a t i o n ,  p r e c i p i t a t i o n ,  s o r p t i o n  on i n o r g a n i c  m a t e r i a l s ,  

or b a t c h  s o l v e n t  e x t r a c t i o n  processes ma.y a l l  be s a t i s f a c t o r y .  An 

i n e x p e n s i v e  i n o r g a n i c  m a t e r i a l  w i t h  g r e a t  s e 1 e c t i v i t . y  and capaci t ,y f o r  

s o r b i n q  a c t i n i d e s ,  and w i t h  s u i t a b l e  h y d r a u l i c  p r o p e r t i e s ,  would be 

e s p e c i a l l y  a t t r a c t i v e .  
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D i s p r o p o r t i o n a t i o n  o f  Pu( I \ / )  

Meeds. There are  s e v e r a l  needs a s s o c i a t e d  w i t h  t h e  occur -  

rence,  d e t e c t i o n ,  and  m i t i g a t i o n  o f  t h e  d i s p r o p o r t i o n a t i o n  o f  Pu(1V) i n  

a p p l i e d  p l u t o n i t i m  r e c o v e r y l p u r i f i c a t i o n  procedures.  F i r s t ,  t h e r e  i s  a 
g r e a t  need f o r  much inore d e t a i l e d  i n f o r m a t i o n  c o n c e r n i n q  t h e  e f f e c t  o f  

t y p i c a l  process c o n d i t i o n s  [e.cJ., tempera ture ,  c o n c e n t r a t i o n  o f  

p l u t o n i u m ,  hydrogen i o n  , n i t r a t e  i o n  , n i t r i t e  i o n ,  f l u o r i d e  i o n  , o t h e r  

meta l  i o n s  (e.g., A+, Fe3+, e t c . ) ,  e t c . ]  on t h e  occur rence and e x t e n t  

o f  t h e  r e a c t i o n :  

I d e a l l y ,  t h i s  i n f o r m a t i o n  shou ld  be made a v a i l a b l e  i n  t h e  form o f  easy- 

to -use  nornographs or e m p i r i c a l  e q u a t i o n s  which can he q u i c k l y  and 

r a p i d l y  so lved on a prosraminable desk c a l c u l a t o r .  New, as y e t  

undeveloped i n s t r i r m e n t a t i o n  which can be used on an i n - l i n e  b a s i s  t o  

a n a l y z e  process streanis f o r  t h e  c o n c e n t r a t i o n s  o f  p l u t o n i u m  i n  d i f f e r e n t  

o x i d a t i o n  s t a t e s  i s  a l s o  needed. 

N i t r i t e  i o n  i s  o f t e n  used i n  p l u t o n i u m  s o l v e n t  e x t r a c t i o n  

systems t o  o x i d i z e  P u ( I I 1 )  t o  Pu(1V) and t o  reduce Pu(V1) t o  Pu(1V). 

But H@NO, produced i n  Hi403 media, i s  e x t r a c t a b l e  i n t o  TBP-d i luent  

s,ystems and can i n t e r f e r e  w i t h  subsequent r e d u c t i v e  s t r i p p i n g  o f  
p lu ton ium.  There i s  t h u s  a need t o  f i n d  a r e a q e n t  comparab le  t o  n i t r i t e  

i o n  i n  i t s  r e a c t i o n s  w i t h  P u ( I I 1 )  and P u ( V I ) ,  b u t  which does no t  e x t r a c t  

i n t o  TBP s o l u t i o n s .  

nackqround I n f o r m a t i o n - - P o s s i b l e  Approaches. D i s p r o p o r t i o n a -  

t i o n  r e a c t i o n s  of Pu(1V) (Eqs. l and 2 )  and Pu(V) ( E q .  3)  have been 

known and s t u d i e d  s i n c e  Manhattan P r o j e c t  days.18 

The impor tance o f  Pu(V1) and P u ( I I 1 )  as p r o d u c t s  o f  t h e  d i s p r o p o r t i o n a -  

t i o n  o f  bo th  Pu(1V) and P I J ( V )  i s  c a l l e d  o u t  by Eqs. (1) and ( 3 ) .  
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Eqs. (1) and ( 2 )  a l s o  i n d i c a t e  t h e  q r e a t  dependence of t h e  d i s n r o n o r -  
t i o n a t i o n  r e a c t i o n s  on a c i d i t y .  For example, a t  room tempera ture ,  

measurable d i s p r o p o r t i o n a t i o n  o f  Pu( I V )  Gccurs a t  "03 c o n c e n t r a t i o n s  
below 1.511, I w h i l e  a t  9fj°C, d i s p r o p o r t i o n a t i o n  o f  Pu( IV) occurs a t  H N O 3  

c o n c e n t r a t i o n s  l e s s  than %I. - 

Prev ious  s t u d i e s  o f  t h e  p l u t o n i u m  d i s p r o p o r t i o n a t i o n  r e a c t i o n  

have qenera l  l y ,  and unders tandab ly ,  emphasized an academic approach w i t h  

s i m p l e  a c i d  s o l u t i o n s  t o  e l u c i d a t e  fundamental  p l u t o n i u m  chemis t ry .  
These p a s t  i n v e s t i g a t i o n s  should p r o v i d e  a f i r m  s p r i n q b o a r d  f o r  t h e  more 

q e n e r a l  and advanced research  and development we a r e  recommendinq. The 

approach deve l  oped and advocated by S i  1 v e r  O- f o r  c a l c u l  a t i  nq t h e  

c o n c e n t r a t i o n s  o f  p l u t o n i u m  i n  v a r i o u s  o x i d a t i o n  s t a t e s  i n  aqueous media 

may prove t o  be a very  v a l u a b l e  t o o l ,  p a r t i c u l a r l y  when i t  i s  supp le-  

mented by comprehensive data fo r  d i s p r o p o r t i o n a t i o n  i n  s o l u t i o n s  t y p i c a l  

o f  t h o s e  encountered i n  i n d u s t r i a l - s c a l e  processes.  

Spec t ropho tomet r i c  methods f o r  d e t e r m i n i n g  c o n c e n t r a t i o n  o f  

P u ( I I 1 ,  I V ,  V I ,  and "po lymer" )  i n  n i t r a t e  media have been r e p o r t e d . 2 4  
A d a p t a t i o n  o f  such procedures t o  r o u t i n e  r a p i d  i n - l i n e  a n a l y s i s  o f  f e e d  

and r a f f i n a t e  s o l u t i o n s  may be p o s s i b l e .  

Cle a r e  n o t  a b l e  t o  suqqest a s u i t a b l e  reaqent  t o  r e p l a c e  HOMO 
f o r  c o u n t e r a c t i n q  d i s p r o p o r t i o n a t i o n  o f  Pu( I V )  i n  n i t r a t e  media. Ne can 
o n l y  emphasize t h e  b e n e f i t s  t o  l a r q e - s c a l e  p l u t o n i u m  s e p a r a t i o n  ( v i a  TBP 

e x t r a c t i o n )  of  f i n d i n g  such a reagent .  

P l u t o n i u m  i n  "Sludge"-Chemical  Species and P a r t i c l e  S i z e  
Needs. The exac t  chemical  spec ies  o f  p l u t o n i u m  p r e s e n t  i n  

s ludqe i n  Hanford s i n g l e - s h e l l  t a n k s  i s  n o t  known; l i k e l y  c a n d i d a t e s  
i n c l u d e  e i t h e r  hydra ted  o x i d e  o r  polynier,  o r  both.  S i m i l a r l y ,  t h e  s i z e  

o f  t h e  p r e c i p i t a t e d  p l u t o n i u m  p a r t i c l e s  i s  n o t  known. These data a r e  

needed i n  c o n n e c t i o n  w i t h  t h e  d e s i r e  t o  use e c o n o m i c a l l y  advantaqeous 

i n - s i t u  p a s s i v e  n e u t r o n  a c t i v a t i o n  techn iques  t o  measure t h e  P l u t o n i u m  

c o n t e n t  o f  t h e  Hanforrl s ludqe. One p r e f e r r e d  t e c h n i q u e  makes use o f  the  
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r e a c t i o n  6 3 ~ u  ( a ,  n> 6 4 ~ u  t o  e s t i m a t e  p l u t o n i i i m  c o n t e n t .  

and c a l i h r a t i o n  o f  t h i s  techn ique i s  q u i t e  dependent upon t h e  chemical  

env i ronment  o f  t h e  a l p h a - e m i t t i n g  p l u t o n i u m  atoms. S p e c i f i c a l l . y ,  such 

f a c t o r s  as t h e  number and t y p e  o f  n e i g h b o r i n g  atonis (e.g., 0, Ua, A1  , 

S e n s i t i v i t . v  

e t c . )  and t h e  d iameter  ( s i z e )  o f  t h e  p l u t o n i u m  spec ies  impact  t h e  

n e u t r o n  f l u x ,  which can a c t i v a t e  6 3 C ~  t o  64C11. 

c h a r a c t e r i z e  t h e  n a t u r e  and p r o s e r t i e s  of t h e  p l u t o n i u m  spec ies  produced 

when Hanford  PUREX HLi4 i s  made a l k a l i n e  t h u s  needs t o  be per forwed.  

Such e x p e r i m e n t a t i o n  should i n c l u d e  e f f e c t s  of a q i n g  o f  s ludges a t  

e l e v a t e d  tempera tures  over  l o n g  ( i  .e., y e a r s )  t i n e s .  

E x p e r i m e n t a t i o n  t o  

Backqround I n f o r m a t i o n - - P o s s i  h l e  Approaches. That f resh1.y  

p r e c i p i t a t e d  h y d r a t e d  i r o n  o x i d e  e f f e c t i v e l y  scavenges p l u t o n i u m  (and 

v a r i o u s  o t h e r  r a d i o n i t c l  i d e s )  f rom aqueous waste s o l u t i o n  has l o n q  been 

known. P l a n t - s c a l e  use i s  made o f  t h i s  chemical  f a c t  a t  t h e  Department 

o f  Energy (DOE) Rocky F l a t s  and Los Alamos s i t e s  i n  s i t e  waste manage- 
men t sc heines. 2 5 3 2 6  S ludges produced a t  t h e  R0ck.y F l a t s  and Los Alamos 

s i t e s  a r e  b e l i e v e d  t o  be c l o s e l y  a k i n  t o  t h o s e  produced and s t o r e d  i n  
Hanford  s i n g l e - s h e l l  tanks .  We a r e  n o t  aware o f  any r e c e n t  s t u d i e s  t o  

c h a r a c t e r i z e  t h e  n a t u r e  o f  t h e  p l u t o n i u m  s o l i d  forms i n  any p l a n t -  

produced s ludges.  Recent advances i n  t h e  a v a i l a b i 1 i t . y  of s e n s i t i v e  

m i  c r o c  ha r a  c t e r i za t i on eqii i pmen t ( e. 9. , SEI4 , STEM, e t  c . ) s h ou 1 d en ab 1 e 

s u i t a b l e  d e t e r m i n a t i o n  o f  t h e  n a t u r e  and p r o p e r t i e s  o f  p l u t o n i u m  and 
o t h e r  a c t i n i d e s  i n  s l u d g e .  Techniques a p p l i e d  by M i l l i g a n  and c o w o r k e r s  

i n  c h a r a c t e r i z i n q  t h e '  n a t u r e  o f  t h e  amorphous hydrous gel  which p r e c i p i -  

t a t e s  when ammonia o r  a l k a l i  i s  added t o  a s o l u t i o n  o f  A m ( I I I ) ,  p r o v i d e  

a r e f e r e n c e  p o i n t  f o r  c h a r a c t e r i z a t i o n  o f  $ 2 8  
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PLUTONIUH P R O C E S S I N G  .4T SAVANMAt-1 R I V E R  

The p r i m a r y  m i s s i o n  o f  t h e  Savannah R i v e r  P l a n t  (SRP) i s  t o  produce 

s p e c i a l  n u c l e a r  m a t e r i a l  s - - p r i m a r i l y  p lu ton ium-239 and t r i t i u m - - f o r  use  

i n  t h e  n a t i o n ' s  defense proqram. I n  a d d i t i o n ,  t h e  p l a n t ' s  p r o d u c t s  

i n c l u d e  i m p o r t a n t  n o n m i l i t a r y  i s o t o p e s :  p lu ton ium-238 i s  u t i l i z e d  i n  
t h e  n a t i o n ' s  space proqram as an energy source;  amer ic ium-241 i s  
u t i l i z e d  i n  o i l  w e l l  l o q q i n g  and smoke d e t e c t o r s ;  and c a l i f o r n i u m - 2 5 2  i s  

used i n  i n d u s t r i a l  , medica l  , and research  a c t i v i t i e s .  The p l a n t  has 
a1 so produced a wide v d r i e t y  o f  o t h e r  i m p o r t a n t  nonmi 1 i t a r y  i s o t o p e s  : 

c o b a l t - 6 0 ,  wh ich  i s  used i n  t h e  d i a g n o s i s  and t r e a t m e n t  o f  cancer ;  

p l u t o n i u m  o f  v a r i o u s  i s o t o p i c  compos i t ions  f o r  use i n  v a r i o u s  r e s e a r c h  

a c t i v i t i e s ,  such as breeder  research  r e a c t o r s ;  and heavy w a t e r  (D20)  , 
which is  used as  a modera to r / coo lan t  i n  n u c l e a r  r e a c t o r s .  

The f a c i l i t i e s  a t  Savannah R i v e r  ( F i g u r e  7) c o n s i s t  o f  f i v e  heavy- 

water-moderated and coo led  p r o d u c t i o n  r e a c t o r s ,  two chemical  s e p a r a t i o n s  

areas as a heavy water  e x t r a c t i o n  p l a n t ,  s e v e r a l  t e s t  r e a c t o r s ,  r e a c t o r  

f u e l  and t a r q e t  p r o c e s s i n q  f a c i l i t i e s ,  t h e  Savannah R i v e r  L a b o r a t o r y ,  

and many o t h e r  f a c i  1 i t i e s  necessary t o  s u p p o r t  t h e  o p e r a t i o n s .  P u r i n q  

t h e  1Y6O's, two o f  t h e  p r o d u c t i o n  r e a c t o r s  were shut  down and Dlaced i n  
s tandby c o n d i t i o n ;  one o f  these i s  scheduled t o  s t a r t  UP aqa in  i n  t h e  

f a l l  o f  1983. Two t e s t  r e a c t o r s  and t h e  heavy water  e x t r a c t i o n  p l a n t  
have a l s o  been shut  down. 

F i g u r e  0 i l l u s t r a t e s ,  i n  very  b r i e f  f a s h i o n ,  t h e  e s s e n t i a l s  o f  t h e  

f l o w  o f  m a t e r i a l s  f rom t h e  r e a c t o r s  t h r o u q h  t h e  s e p a r a t i o n s  area. 

D e p l e t e d  uran ium t a r g e t s  a re  processed t h r o u g h  t h e  F-Area canyon b y  

we1 1 -known PUREX process techno1 ogy. E n r i c h e d  uran ium f u e l  e l  einents a r e  

processed t h r o u g h  t h e  H-Area can,yon by a m o d i f i c a t i o n  o f  t h e  PUREX 

process.  

canyon by an i o n  exchanqe process.  

I r r a d i a t e d  neptunium t a r g e t s  a r e  processed t h r o u g h  t h e  H-Area 

F o l l o w i n q  r e c e i p t  o f  t h e  i r r a d i a t e d  d e p l e t e d  i i r a n i i m  t a r q e t s  irl t h e  

F-Area S e p a r a t i o n s  Area, aluminum c l a d d i n q  i s  c h e m i c a l l y  r ~ i n o v e d  hy d i s -  
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s o l u t i o n  w i t h  a rlaN03-NaOH s o l u t i o n  and sent  t o  waste s to raqe.  The bare 

uranium t a r q e t s  a re  t h e n  d i s s o l v e d  i n  b o i l i n g  Ink1 "03 .  Standard and 

we l l -known P!IKEX process t e c h n o l o q y  i s  used t o  separa te  and p u r i f y  bot ' i  

t h e  p l u t o n i u m  and the  uranium. The uranium s o l u t i o n s  a r e  evaporated by 

s u c c e s s i v e  e v a p o r a t i o n  s teps ,  f i r s t  t o  b02 (NO3 )2*6Y20, and then deni  - 
t r a t e d  t o  1103. The p l u t o n i u m  s o l u t i o n s  a r e  then c o n c e n t r a t e d  h y  c a t i o n  

exchanqe and p r e c i p i t a t e d  as PuF3. The p r e c i p i t a t e  i s  r o a s t e d  i n  an 

oxyqen atmosphere t o  a m i x t u r e  o f  - 7 3  mole % PuF4 and 27 mole Z Pu02 
b e f o r e  underqo inq  a c a l c i o t h e r m i c  r e d u c t i o n  t o  p l u t o n i u m  meta l  f o r  

shipment o f f s i t e .  Waste s o l u t i o n s  f rom t h e s e  processes which c o n t a i n  

r e s i d u a l  p l u t o n i u m  and smal l  amounts of neptunium a r e  processed t h r o u q h  
one o f  two an ion  exchanqc systems t o  r e c o v e r  b o t h  t h e  p l u t o n i u m  and 

neptunium. The waste streams a r e  then evapora ted ,  a c i d  s t r i p p e d ,  and 

a d j u s t e d  t o  pH > 13 by a d d i t i o n  of NaOH b e f o r e  s t o r a q e  i n  underqround 

doubl  e-she1 1 tanks.  

- 

F o l l o w i n q  r e c e i p t  of t h e  burned e n r i c h e d  uran ium f u e l  i n  t h e  H-Area 

canyon, t h i s  aluminum-clad A1-U a l l o y  i s  d i s s o l v e d  i n  HN03 c a t a l y z e d  

w i t h  H q ( N 0 3 ) 2 .  The d i s s o l v e r  s o l u t i o n  i s  f r e q u e n t l y  b lended w i t h  

d i s s o l v e d  o f f s i t e  f u e l s ,  such as u n i v e r s i t v  r e s e a r c h  r e a c t o r s  and HFIR 
c o r e s  from Oak Ridge, b e f o r e  t h e  p u r i f i e d  uran ium and neptunium a r e  

separa ted  and p u r i f i e d  by a m o d i f i c a t i o n  o f  t h e  PUREX process.  The 

p u r i f i e d  U O 2 ( f J O 3 ) 2  s o l u t i o n  i s  sh ipped o f f s i t e  f o r  c o n v e r s i o n  t o  uranium 
meta l .  T h i s  u r a n i u n  meta l  i s  reprepared i n t o  f u e l  tubes f r o m  t h e  SRP 

r e a c t o r s .  S ince  t h i s  uranium i s  r e p e a t e d l y  r e c y c l e d  t h r o u q h  t h e  

r e a c t o r s ,  t h e  2 3 6 1 J  c o n t e n t  has qrown over  t h e  years.  

neptunium, prodticed i n  t h e  f u e l  tuhes  by t h e  i r r a d i a t i o n  o f  t h e  2 3 6 U ,  i s  
c o n c e n t r a t e d  by anion exchanqe, p r e c i p i t a t e d  as an o x a l a t e ,  and c a l c i n e d  

t o  t h e  ox ide .  T h i s  Np02 i s  t h e n  f a b r i c a t e d  i n t o  A l - c l a d  Nt102-Al cernent 
t a r q e t s  and r e t u r n e d  t o  t h e  r e a c t o r s  t o  produce p l  i i t o n i  urn-238. 

The p u r i f i e d  

F o l l o w i n q  r e c e i p t  o f  the i r r a d i a t e d  neptunium t a r g e t s  i n  t h e  

H-Canyon, t h e s e  t a r q e t s  a r e  d i s s o l v e d  i n  HN03 c a t a l  y t z e d  w i t h  tiq( NO3 )2. 

The 23'7Np and 238Pu arc! then p u r i f i e d  and p a r t i t i o n e d  from each o t h w  by 

two cycles  o f  an ion  exchanqe. Goth p r o d u c t s  a r e  f u r t h e r  p u r i f i e d  hy  
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a n i o n  exchange, p r e c i p i t a t e d  as o x a l a t e ,  and c a l c i n e d  t o  ox ide .  The 
p u r i f i e d  NpOZ i s  f a b r i c a t e d  i n t o  heat sources f o r  use i n  t h e  n a t i o n ' s  

space program. 

The waste streams from t h e  H-Area processes a r e  evapora ted ,  a c i d -  

s t r i p p e d ,  and a d j u s t e d  t o  pH > 13 by a d d i t i o n  o f  NaOH b e f o r e  s to rage i n  

underground doubl  e-she1 1 tanks. 

I n  a d d i t i o n  t o  f u e l  and t a r g e t s  frof i i  SRP r e a c t o r s ,  SRP a l s o  r e p r o -  

cesses a wide v a r i e t y  o f  f u e l s  from o f f s i t e  r e s e a r c h  r e a c t o r s  and a wide 

range of  u n i r r a d i a t e d  p l u t o n i u m  scrap m a t e r i a l s .  F o l l o w i n g  customary 
Savannah R i v e r  p r a c t i c e ,  i n i t i a l  p r o c e s s i n g  o f  each o f f s i t e  m a t e r i a l  i s  

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

w i t h  one o f  t h e  s o l v e n t  e x t r a c t i o n  c y c l e s  i n  e i t h e r  o f  t h e  s e o a r a t i o n s  

areas.  A m a j o r  advantage o f  t h i s  p r a c t i c e  i s  t h a t  t h e  uran ium and 

p l u t o n i u m  i s o t o p i c s  can be blended over  a wide range. S ince  t h e  

a c t i n i d e  can be i n t r o d u c e d  t o  t h e  m a i n l i n e  process  a t  s e v e r a l  d i f f e r e n t  

p o i n t s ,  a g r e a t e r  range o f  contaminants  can be hand led  b.y r o u t i n e  

o p e r a t i o n s .  T h i s  s i m p l i f i e s  many o f  t h e  i n i t i a l  D u r i f i c a t i o n  s teps over  

t h e  s t e p s  t h a t  would be necessary i f  o n l y  one entr.y p o i n t  was a v a i l a b l e .  

Savannah R i v e r  P l u t o n i u m  Technology Meeds: Research and Development 
O p p o r t u n i t i e s  

R e f r a c t o r y  Oxides 
Savannah R i v e r  p r o c e s s i n g  o f  b o t h  i r r a d i a t e d  and u n i  r r a d i a t e d  

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

was c a l c i n e d  a t  650°C o r  l e s s ;  however, some o f  t h i s  o x i d e  was c a l c i n e d  

a t  t empera tu res  up t o  1700°C. Whereas t h e  m a t e r i a l  c a l c i n e d  a t  t h e  

l o w e r  tempera tures  i s  f a i r l y  easy t o  d i s s o l v e  i n  HN03-HF s o l u t i o n s ,  

m a t e r i a l  c a l c i n e d  a t  t h e  h i g h e r  tempera tures  becomes an i n t r a c t a b l e  

r e f r a c t o r y  ox ide .  B e t t e r  methods, which can be s c a l e d  t o  a p r o d u c t i o n  

mode, a r e  needed t o  c o n v e r t  these r e f r a c t o r y  o x i d e s  t o  a form amenable 
t o  r e p r o c e s s i n g .  Some advances have been made i n  aqueous d i s s o l u t i o n ,  

u s i n q  an e l e c t r o l y t i c  a s s i s t  t o  f l u o r i d e  d i s s o l u t i o n .  Rut f u r t h e r  
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chemica l  and e n q i n e e r i n q  data a r e  needed t o  c o n v e r t  t h i s  i n t o  a v i a b l e  

p r o d u c t i o n  process.  Several  l a b o r a t o r i e s  have a 1  so s t u d i e d  a f l u o r i d e  

v o l  a t i  1 i t y  process which shows promise. Some a f  t h e  prob l  erns encoun- 

t e r e d  i n  t h e  v o l a t i l i t y  process could,  perhaps, be. overcome by t h e  use 

o f  a tomic  f l  r ro r i  ne i n s t e a d  o f  mol e c u l  a r  f l  u o r i  ne. 

P lu ton ium-238 P r o d u c t i o n  

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

'38Pu i s  shown i n  F i g u r e  9. 

t h e  i n c o m p l e t e  p a r t i t i o n i n g  of 23'Np and 2 j 8 P u  on t h e  an ion  exchanqe 

columns. T h i s  c r o s s - c o n t a m i n a t i o n  i s  t h e  r e s u l t  o f  e i t h e r  incomple te  

v a l e n c e  ad jus tments  o r  an unwanted va lence read. justment  d u r i n g  t h e  par- 
t i t i o n i n g  s tep.  A b e t t e r  unders tand ing  o f  o x i d a t i o n - r e d u c t i o n  r e a c t i o n  

k i n e t i c s  and va lence s t a t e s  e q u i l i b r i a  as a f u n c t i o n  o f  t h e  c o n c e n t r a -  

t i o n s  o f  va lence adjustment  chemicals ,  t o t a l  p l u t o n i u m ,  p lu ton ium-238,  

neptunium, and tempera ture  i s  needed. 

The major  prohlerns w i t h  t h i s  f l o w s h e e t  i s  
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