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INTRODUCTION 

An impor tan t  o b j e c t i v e  o f  t he  nuc lear  i n d u s t r y ' s  waste management 
p l an  i s  t h e  m i n i m i z a t i o n  o f  t h e  q u a n t i t i e s  o f  waste contaminated w i t h  
t h e  ve r y  long-1 ived,  t r ansu ran i c  (TRU) elements Pu and Am. A1 though 
t h e  mass o f  these elements i s  smal l  compared t o  o the r  components such 
as f i s s i o n  products ,  c l add ing  m a t e r i a l s  and chemical a d d i t i v e s  t h e i r  
presence r e q u i r e s  a l l  wastes t o  be handled as TRU waste w i t h  decay 
per iods  o f  >>1000. years .  For  t he  U.S. DOE d e f i n i t i o n  o f  TRU waste see 
Ref. 1 .  

For t h e  pas t  s i x  years  an exper imental  program has been i n  
progress a t  t h e  Idaho Nat iona l  Engineer ing Laboratory (INEL) t o  s tudy 
t h e  f e a s a b i l i t y  o f  p a r t i o n i n g  TRU elements from a c i d i c  nuc lear  waste. 
E a r l y  on i n  t h e  program our  e f f o r t s  were focused on wastes generated a t  
t h e  Ida.ho Chemical Processing P l a n t  (ICPP)(2-6). La te r  we p a r t i c i p a t e d  
i n  a  j 0 i n . t  e f f o r t  w i t h  t h e  Oak Ridge Nat iona l  Laboratory  (ORNL) t o  
eva lua te  t h e  a p p l i c a t i o n  o f  s o l v e n t  e x t r a c t i o n  technology developed 
f o r  ICPP waste t o  h i gh - l eve l  1  i q u i d  waste (HLLW) t h a t  r e s u l t s  from 
reprocess ing  1  i g h t  water  r e a c t o r  (LWR) fue l  (7-1 1  ) .  

Because waste generated a t  ICPP i s  so d i f f e r e n t  from t h a t  a n t i c i -  
pated from t h e  process ing o f  LWR fue l  t h i s  paper w i l l  rev iew TRU 
p a r t i t i o n i n g  from each waste separa te ly .  

WASTE GENERATED AT ICPP 

The Idaho Chemical Processing P l a n t  (ICPP) loca ted  a t  t he  Idaho 
Na t i ona l  Engineer ing Laboratory  near  Idaho Fa l l s ,  Idaho i s  a  mu1 ti- 
purpose reprocess ing f a c i l i t y  f o r  DOE f ue l s  con ta in ing  h i g h l y  enr i ched  
U. Fuels  r o u t i n e l y  processed a t  ICPP i nc l ude  s ta i n l ess - s tee l - c l ad  
f a s t - r e a c t o r  fue ls ,  A1 - c l ad  t e s t - r e a c t o r  fue ls ,  and Zr -c lad  f u e l s  f o r  
which t he  2 3 5 U  enr ichments be fo re  burnup vary from 50 t o  93%. The 
s t a i n l e s s - s t e e l - c l a d  fue l  i s  e l e c t r o l y t i c a l l y  d isso lved  i n  HN03, 
t h e  A l - c l a d  f u e l s  a r e  d i sso l ved  i n  HN03-Hg(N03)2, and Zr -c lad  f u e l s  a re  
d i sso l ved  i n  HF and HN03. These mult i-headend d i s s o l v e r  s o l u t i o n s  
p rov i de  t h e  feed f o r  a  s i n g l e  s o l v e n t  e x t r a c t i o n  system which i s  
con~pr i sed  o f  a  f i r s t  c y c l e  o f  TBP e x t r a c t i o n  fo l lowed by two cyc les  of 
me thy l - i sobu t y l  ketone e x t r a c t i o n .  The urany l  n i t r a t e  product  f rom 
t h e  e x t r a c t i o n  system i s  d e n i t r a t e d  i n  a  f l u i d i z e d  bed d e n i t r a t o r  t o  
U03 f o r  shipment. 

The aqueous f i s s i o n  product  wastes r e s u l t i n g  from t h e  I C P P  ' so lven t  
e x t r a c t i o n  opera t ions  c o n t a i n  smal l  amounts o f  U and transuranium 
elements; p r i m a r i l y  Np, Pu, and Am w i t h  t races o f  Cm and t ranscur ium 
iso topes .  The sa fe  and e f f e c t i v e  management o f  t hese  nuc lear  wastes 
has been a  p r imary  goal  o f  t h e  ICPP opera t ion  f o r  t he  pas t  28 years.  
The major  technique f o r  management o f  t h i s  waste has been t o  s t o r e  t h e  
l i q u i d  waste s a f e l y  f o r  a  p e r i o d  n o t  t o  exceed 5  years,  fo l lowed by 
s o l i d i f i c a t i o n  o f  t h e  waste i n t o  a  g ranu la r  ox ide and s torage i n  s t a i n -  
l e s s  steeq b i ns  i n s i d e  a concrete  v a u l t .  P r i o r  t o  c a l c i n a t i o n ,  t he  
h igh-  and i n t e rmed ia te - l eve l  l i q u i d  wastes are s to red  i n  doubly-COP- 



tained, cooled, stainless steel tanks. To date, there i s  no evidence 
of corrosion from the acidic wastes stored in these tanks. The HLLW 
have been solidified on a routine basis in the Waste Calcining Facility 
(WCF) since December 1963, with a resultant eight- to ten-fold volume 
reduction factor.  To date, this  pioneering ef for t  has resulted in 
approximately 55% of the liquid wastes being converted t o  sol ids ,  with 
approximately 50,000 cubic feet  in storage. A l t h o u g h  the projected 
l i f e  of the solids storage bins i s  a t  least  500 years, the bins are 
designed such that retrieval of the wastes for  further treatment or 
transport to  a Federal repository might be accomplished whenever 
desired. 

The waste generated a t  I C P P  i s  different with respect t o  ant ic i-  
pated commercial processing plant waste for two reasons. Firs t ,  a l l  of 
the multi-headend processes result  i n  complete dissolution of the 
cladding and matrix as well as the fission products and actinide 
elements; second, the production of transuranium elements in highly 
enriched fuels i s  less  than in low enrichment/high burnup power fuels.  
Additionally, the total  f ission product inventory in the fuel i s  sub- 
s tan t ia l ly  lower a t  ICPP as compared t o  power reactor fuels and con- 
sequently, the radioactivity of the resulting waste solutions are very 
different for these two cases. Thus, the rat io  of actinides t o  total 
solids in the I C P P  waste i s  significantly less than in currently 
anticipated commercial wastes. The b u l k  of the raffinatc stored a t  
I C P P  has been generated from the processing of Zr- and Al-clad fuel 
elements. The U recovery process for Zr-clad elements requires the 
addition of aluminum ni t ra te  as both a salting agent and a complexant 
for the free fluoride present in the dissolution process. When 
available, the dissolver solution from A1 -clad elements i s  coprocessed 
with Zr-clad elements, thus serving the same purpose. Raffinates 
generated from these campaigns are, therefore, similar. The chemical 
analyses of a major HLLW tank a t  ICPP are shown in Table I .  Actinide 
analyses are also given in Table I .  

A l i t r e  of waste shown in Table I ,  when calcined, results in the 
production of %250 g of total solids. 

Separation Requirements 

I The thrus tof theexper imenta l  programat ICPPwasto find a 
procedure that would separate TRU elements from high-level first-cycle 
raffinate (see Table I )  and leave behind the cladding elements, salting 
agents, and the b u l k  of the fission products. Fission-product lanth- 
anides, because of their  similar valence and  ionic s ize,  would be 
expected to follow in nearly any simple separation scheme. Americium 
i s  present in I C P P  waste as a trivalent ion while Pu  i s  most likely 
present as both P u ( I V )  and Pu(V1). Any separation scheme must be 
applicable t o  a l l  these ionic actinide species. Due t o  an instabi l i ty  
of dissolver solution toward the formation of Zr and A1 fluorohydrates 
a t  lower acid levels,  decreasing the acidity before actinide separation 
i s  impractical. 



o f  t h e  many s o l v e n t  systems we s t u d i e d  f o r  removing a c t i n i d e s  
f r o m  ICPP HLLW, e x t r a c t i o n  w i t h  t h e  b i d e n t a t e  organophosphorus 
reagen ts ,  d i  b u t y l  -N,N-diethylcarbamylmethyl enephosphonate (DBDECMP) 
and t h e  d i h e x y l  homologue, DHDECMP, a r e  t h e  most promis ing.  T h i s  
c l a s s  o f  compounds was f i r s t  syn thes ized  by S i d d a l l  i n  t h e  1960 's  (12,13) 
u s i n g  t h e  Arbuzov rearrangement. Shown below i s  t h e  p r e p a r a t i o n  o f  
DHDECMP . 

S i d d a l l  i n v e s t i g a t e d  t h e  a b i l i t y  of  these compounds t o  e x t r a c t  A m ( I I I ) ,  
C e ( I I I ) ,  P m ( I I I ) ,  and HNOj f rom 0.1 t o  12M HN03 s o l u t i o n s .  H i s  
f a v o r a b l e  r e s u l t s  l e d  him t o  suggest  such b i d e n t a t e  e x t r a c t a n t s  c o u l d  
be used to ,  remove t r i v a l e n t  a c t i n i d e s  f rom h i g h - l e v e l  TBP e x t r a c t i o n  
process waste. T h i s  i d e a  was l a t e r  pa ten ted  ( 1 4 ) .  Schul z demonstrated 
i n  1973 t h a t  DHDECMP was an e f f e c t i v e  e x t r a c t a n t  f o r  Am and Pu f rom 
r a d i o a c t i v e  Hanford  generated.  wastes (1  5 ) .  

We have e v a l u a t e d  b o t h  DHDECMP and DBDECMP as a c t i n i d e  e x t r a c t a n t s  
f r o m  t h e  ICPP wastes.  Both  reagents  were purchased f rom Wateree 
Chemical Company, Inc . ,  Lugo f f ,  S.C.  on a  "custom-synthesis"  bas is .  
Due t o  t h e  ease o f  p u r i f y i n g  t h e  "as - rece ived"  DBDECMP, much o f  o u r  
e a r l y  exper imenta l  work was w i t h  t h i s  compound (2 ,3) .  When aqueous 
s o l u b i l i t y  measurements i n d i c a t e d  DBDECMP t o  be a p p r e c i a b l y  s o l u b l e  
(60 g /L )  i n  0.1M HN03 o u r  a t t e n t i o n  was d i r e c t e d  t o  the  use o f  DHDECMP 
w h l c h  e x h i b i t s  an aqueous s o l u b i l i t y  s i m i l a r  to .TBP (0 .4  t o  0.5 g /L )  
(2,161. 

DHDECMP P u r i f i c a t i o n ,  Supply and T o x i c i t y  

Techn ica l  grade DHDECMP (50% pure )  c o n t a i n s  unreacted s t a r t i n g  
m a t e r i a l s  and many i n p u r i t i e s .  T h i s  grade o f  DHDECMP i s  u n s u i t a b l e  
f o r  d i r e c t  a p p l i c a t i o n  as an e x t r a c t a n t  because a c t i n i d e s ,  once 
e x t r a c t e d ,  a r e  p o o r l y  s t r i p p e d .  The i d e n t i f i c a t i o n  o f  i rnpur i  t i e s  
has been r e p o r t e d  p r e v i o u s l y  ( 4 ) .  

We p u r i f y  l i t r e  q u a n t i t i e s  o f  DHDECMP by vacuum d i s t i l l a t i o n  u s i n g  
a  c e n t r i f u g a l  m o l e c u l a r  s t i l l .  The f r a c t i o n  d i s t i l l i n g  a t  %0.5 Pa 
and 120°C i s  %86% p u r e  DHDECM? and can be used w i t h o u t  f u r t h e r  t r e a t -  
ment f o r  a c t i n i d e  e x t r a c t i o n  and s t r i p p i n g  s t u d i e s .  I m p u r i t i e s  p r e s e n t  
i n  t h i s  p r o d u c t  appear t o  be innocuous. For t h e  sake o f  s i m p l i c i t y  i n  
making volume p e r c e n t  DHDECMP-solvent d i l u t i o n s ,  t h e  s tock  DHDECMP 
(86%) was cons ide red  t o  be pure.  

S t a r t i n g  w i t h  86% DHDECMP, we have prepared 25 mL o f  >99% pure 
DHDECMP by  p r e p a r a t i v e  l i q u i d  chromatography. The l i q u i d  chromato- 
graph used wa,s a  J o b i n  Yvon "Chromatospac-Prep 100", Ins t ruments  SA, 
I n c . ,  Mutechen, N.J. Phys ica l  p r o p e r t i e s  s t u d i e d  w i t h  p u r i f i e d  
DHDECMP were d e n s i t y ,  r e f r a c t i v e  index,  v i s c o s i t y ,  U-V, I R  and NMR 
spec t ra .  A d e t a i l e d  d e s c r i p t i o n  o f  t h i s  work and t h e  r e s u l t a n t  



p h y s i c a l  p r o p e r t i e s  o f  DHDECMP have r e c e n t l y  been publ ished ( 7 ) .  A  
l i m i t e d  number o f  e x t r a c t i o n s  were made u s i n g  t h i s  h i g h  p u r i t y  DHDECMP 
t o  demonstrate t h a t  DHDECMP i s  t h e  dominant e x t r a c t i n g  component i n  
o u r  e x t r a c t i o n  s t u d i e s .  

We have r e c e n t l y  developed a  new techn ique f o r  p u r i f y i n g  DHDECMP 
( 1 7 1 8 )  React ion o f  20% crude DHDECMP i n  hexane w i t h  1M Hg(N03)2 
a t  40°C p r e c i p i t a t e s  Hg (DHDECMP)NO,. DHDECMP, 1  i berated-from t h e  
p r e c i p i t a t e  w i t h  c a u s t i c  cyanide, i s  >95% pure. Hexane i s  used t o  
d i s s o l v e  t h e  l i b e r a t e d  DHDECMP and i s  l a t e r  removed i n  a  r o t a r y  evapo- 
r a t o r .  The procedure i s  f a s t ,  inexpens ive and has a  h i g h  y i e l d  ( ~ 8 5 % )  
compared t o  p rev ious  methods. The qua1 i t y  o f  t h e  p u r i f i e d  DHDECMP 
r e g a r d i n g  e x t r a c t i o n s  and s t r i p p i n g  o f  . a c t i n i d e s  i s  excel  l e n t .  

The commercial supp ly  o f  DHDECMP t h a t  i s  o f  adequate p u r i t y  t o  be 
used d i r e c t l y  f o r  a c t i n i d e .  p a r t i o n i n g  has, u n t i l  r e c e n t l y ,  been non- 
e x i s t e n t .  A  new. s u p p l i e r  (Bray O i l  Co., Los Angel es, Cal i f o r n i a )  
has en te red  t h e  marketplace.  They have p rov ided  ample q u a n t i t i e s  o f  
vacuum d i s t i l l e d  DHDECMP (86% p u r i t y )  f o r  o u r  p i l o t  p l a n t  work. The 
q u a l i t y  o f  t h e i r  p roduc t  i s  as good as o u r  " in-house" mo lecu la r -  
d i s t i l  l e d  DHDECMP. 

High p u r i t y -  (>99%) DHDECMP e x t r a c t a n t  was t e s t e d  w i t h  r e s p e c t  t o  
i t s  a b i l - i t y  t o  induce m u t a t i o n  u s i n g  Salmonel la typhimurium b a c t e r i a .  
These t e s t s  were performed by M i c r o b i o l o g i c a l  Associates u s i n g  s tandard 
techn-iques t o  d e t e c t  mutagens. The r e s u l t s  o f  these t e s t s  wcre 
n e g a t l v e  and suggest t h a t  DHDECMP i s  n o t  mutagenic. 

D i l u e n t  E f f e c t s  

Our e a r l i e r  s t u d i e s  have shown t h a t  t h e  e x t r a c t i o n  o f  Am f rom 
s y n t h e t i c  Zr-A1 waste s o l u t i o n s  i s  s t r o n g l y  dependent upon t h e  
p a r t i c u l a r  c a r r i e r  s o l v e n t  used t o  d i l u t e  t h e  DHDECMP ( 4 ) .  Aromat ic 
s o l v e n t s  proved t o  be good d i l u e n t s ,  t h e  b e s t  o f  t h e  aromat ics  be ing  
branched a lkane d e r i v a t i v e s .  A second o rgan ic  phase forms when 
s o l u t i o n s  o f  DHDECMP d i s s o l v e d  i n  s t r a i g h t  cha in  a l i p h a t i c  hydrocarbons 
a r e  con tac ted  w i t h  aqueous HN03 s o l u t i o n s .  Decal in ,  decahydronapth- 
a lene,  proved t o  be a  s u p e r i o r  d i l u e n t  when compared t o  aromat ics ;  
however, when DHDECMP-decalin e x t r a c t a n t s  a r e  contacted w i t h  >3M HN03 - - 
s o l u t i o n s ,  a  second o r g a n i c  phase forms, A d d i t i o n  of an aromat ic  
m o d i f i e r  such as d i  i sopropyl  benzene (DIPB) t o  a  DHDECMP-decal i n  
e x t r a c t a n t  p reven ts  second o rgan ic  phase f o r m a t i o n  even a t  a c i d i t i e s  
as h i g h  as 6M HN03. Much o f  ou r  e a r l y  work was w i t h  xy lene and w i t h  
d i  i s o p r o p y l  senzene d i l u e n t s .  La te r ,  w i t h  l a r g e  q u a n t i t i e s  of e x t r a c -  
t a n t  be ing  r e q u i r e d  f o r  c o l d  p i l o t - p l a n t  t e s t i n g ,  we focused on t h e  
use o f  a  decal in-DIPB d i l u e n t .  

React ion K i n e t i c s  

Batch c o n t a c t  s t u d i e s  have shown t h a t  bo th  Am(I I1)  and Pu(1V) 
t r a n s f e r  r a p i d l y  a t  23 t o  25°C between DHDECMP-diluent s o l u t i o n s  and 



aqueous HN03. I n  a l l  t e s t s  conducted, e q u i l i b r i u m  was reached i n  
<30 seconds. 

R a d i o l y s i s ,  A c i d  H y d r o l y s i s  and Cleanup 

The DHDECMP e x t r a c t a n t  i s  s i m i l a r  t o  TBP i n  t h a t  a c i d  h y d r o l y s i s  
and r a d i o l y s i s  l e a d  t o  t h e  f o r m a t i o n  o f  a c i d i c  organophosphorus 
d e g r a d a t i o n  p roduc ts  t h a t  a r e  power fu l  e x t r a c t a n t s  e s p e c i a l l y  f o r  Pu(1V) 
under l ow  a c i d  s t r i p p i n g  c o n d i t i o n s .  When these  spec ies  a r e  formed 
and a l l o w e d  t o  accumulate i n  these e x t r a c t a n t s ,  t h e  degrada t ion  
p roduc ts  p r e v e n t  s t r i p p i n g .  Therefore, these a c i d i c  spec ies  must be 
removed, and t h i s  i s  n o r m a l l y  accompl ished th rough  t h e  use o f  sodium 
ca rbona te  sc rubb ing  o f  t h e  used s o l v e n t .  

Dur ing  t h e  more r e c e n t  pu l  se column t e s t s  (1  9 )  sodium carbonate  
(0.1 M) sc rubb ing  was used t o  r e c y c l e  t h e  e x t r a c t a n t  and t h e  p u l s e  
c o l  umiis were p e r i o d i c a l  l y  c leaned w i t h  Turco-4324 (Turco Products,  
D i v i s i o n  o f  Purex Corpora t ion ,  Carson, C a l i f o r n i a ,  U.S.A.). When t h e  
s o l v e n t  was s u b j e c t e d  t o  l o n g  pe r iods  o f  a c i d  l o a d i n g  a  s e q u e n t i a l  
t r e a t m e n t  w i t h  sodium carbonate  and A26 r e s i n  i n  t h e  OH- form (Rohm 
and Haas Co., P h i l a d e l p h i a ,  Pennsy lvan ia)  was necessary t o  p u r i f y  and 
r e c y c l e  t h e  e x t r a c t a n t .  

I n  summary, t h e  e x t r a c t a n t  (86% p u r e )  appears t o  be comparable t o  
TBP (3,5,7,20) i n  terms o f  r a d i o l y s i s  and a c i d  h y d r o l y s i s  s t a b i l i t y .  
The e x t r a c t a n t  has been con tac ted  w i t h  HLLW f o r  up t o  16 hours,  i r r a d i -  
a t e d  w i t h  spent  f u e l  e lements t o  50 w a t t - h r s / l  i t e r ,  and exposed t o  
excess ive  r a d i a t i o n  doses from e x t r a c t e d  Am. I n  a l l  cases, i t  has 
been p o s s i b l e  t o  r e c y c l e  t h e  e x t r a c t a n t  w h i l e  m a i n t a i n i n g  accep tab le  
s t r i p p i n g  c h a r a c t e r i s t i c s  and o v e r a l l  l osses .  A-26 r e s i n  (OH- form)  
appears t o  be an e x c e l l e n t  means of removing t r a c e  a c i d i c  i m p u r i t i e s  
t h a t  remain a f t e r  carbonate  washing and i s  recommended as a  s o l v e n t  
p o l i s h i n g  s t e p  before  r e c y c l e .  

A c i d i c  h y d r o l y s i s  of DHDECMP does n o t  appear t o  be a  s e r i o u s  
problem p r o v i d e d  t h e r e  i s  n o t  an excess ive ho ld-up p e r i o d  between t h e  
e x t r a c t i o n - s c r u b  o p e r a t i o n  and d i l u t e - a c i d  s t r i p p i n g .  T h i s  problem 
i s  f u r t h e r  reduced when h i g h  qua1 i t y  (>95% pure )  e x t r a c t a n t  i s  used. 
We compared t h e  e f f e c t  o f  h y d r o l y s i s  on d i s t i l l e d  vs c h e m i c a l l y  
p u r i f i e d  DHDECMP where t h e  holdup t i m e  between t h e  l a s t  h i g h - a c i d  scrub 
s t e p  and s t r i p p i n g  was v a r i e d  f o r  up t o  24 hours. For each measure- 
ment 20% DHDECMP i n  2 : l  decal in-DIPB was con tac ted  w i t h  an equal volume 
o f  s y n t h e t i c  Zr-A1 HLLW ( c o n t a i n i n g  2 ~ 1 0 - ~ g / L  2 3 9 P ~ ) ,  srubbed t w i c e  
w i t h  one f i f t h  volume o f  3M HNO, then  s t o r e d  i n  t h e  da rk  u n t i l  * 

s t r i p p e d  w i t h  O . O ~ ~ M H N O ~ - O ~ O ~ M N H ~ O H ~ H N O ~  (HAN) . HAN i s  used t o  reduce 
Pu t o  t h e  va lence  (711) state: Resu l t s  of  these  t e s t s  a r e  shown i n  
F i g u r e s  I 1  and 111. The h i g h e r  p u r i t y  s o l v e n t  i s  more e f f i c i e n t l y  
s t r i p p e d  and appears less  a f f e c t e d  by h y d r o l y s i s .  



Typ i ca l  A c t i n i d e  vs HNO? D i s t r i b u t i o n  Data 

The d i s t r i b u t t o n  c o e f f i c i e n t s  have been determined f o r  C f ( I I I ) ,  
C m ( I I I ) ,  A m ( I I I ) ,  Pu( IV) ,  Pu(VI ) ,  Np( IV) ,  Np(V1) and U(V1) between 
30% DHDECMP i n  DIPB and var ious  n i t r i c  a c i d  concent ra t ions ( 7 ) .  Resul ts  
shown i n  F i gu re  1  i n d i c a t e  t h a t  DHDECMP can e x t r a c t  t r i v a l e n t  as w e l l  as 
t e t r a v a l e n t  and hexavalent  a c t i n i d e s  f rom moderately concent ra ted 
n i t r i c  ac id .  I n  a d d i t i o n  t he  e x t r a c t a n t  shows favorab le  s t r i p p i n g  
c h a r a c t e r i s t i c s  f o r  valence (111) a c t i n i d e s  a t  low a c i d  concen t ra t ion .  

E x t r a c t i o n  S tud ies  w i t h . S y n t h e t i c  Zr-A1 HLLW 

Batch d i s t r i b u t i o n  da ta  Rave been obta ined f o r  t he  e x t r a c t i o n  of 
a c t i n i d e s  and key elements between 20% DHDECMP i n  2 : l  deca l i n  DIPB and 
s y n t h e t i c  Zr-A1 HLLW ( 5 ) .  The e f f e c t  o f  scrubbing and s t r i p p i n g  was 
a l s o  s tud ied .  These r e s u l t s  a re  shown i n  Table I V .  Condi t ions f o r  
these measurements a r e  descr ibed i n  Ref. 5. 

For those runs where t h e  element under study was ex t rac ted  bu t  
p o o r l y  s t r i pped ,  t h e  e f f e c t  o f  an a d d i t i o n a l  equal volume con tac t  w i t h  
0,5MNa2CO3-0.025MKCN was measured. Palladium, Ru, and Hg a re  ef- 
f e c T i v e l y  removea w i t h  t h e  c a u s t i c  cyanide s t r i p .  

Chemical analyses o f  A1 i n  t h e  aqueous phase be fo re  and a f t e r  
e x t r a c t i o n  c o n t a c t  conf i rmed our  e a r l i e r  r e s u l t s  w i t h  30 volume % 
DHDECMP i n  xy lene  which i n d i c a t e d  low e x t r a c t i o n  (DA1 = 0.0025) ( 4 ) .  

To o b t a i n  an accura te  va lue f o r  A1 would have requ i r ed  a c t i v a t i o n  
a n a l y s i s .  Th i s  was n o t  f e l t  t o  be warranted. A measurement o f  Pu(V1) 
was n o t  i nc l uded  here because p rev ious  s tud ies  w i t h  o ther  d i l u e n t s  have 
shown h i ghe r  d i s t r i b u t i o n  f o r  Pu(V1) than f o r  Pu(1V). 

E x t r a c t i o n  S tud ies  on ICPP High Sodium Waste 

Low-level wastes h i gh  i n  sodium con ten t  have been c o l l e c t i n g  a t  
t h e  ICPP f o r  years.  Though these wastes represent  bu t  a  small f r a c t i o n  
o f  t h e  t o t a l  wastes produced, t h e i r  cumulat ive volume i s  cons iderab le  
( l o 6  ga l  ) . t h e  t y p i c a l  composi t ion o f  h i gh  sodium concent ra t ion 
waste i s  shown i n  Table V .  

We have made equal volume batch e x t r a c t i o n  measurements on syn- 
t h e t i c  h i g h  sodium concen t ra t i on  waste us ing  20 volume % DHDECMP i n  
2 : l  decal in-DIPB. Only a c t i n i d e s  and a  few chemical cons t i t uen t s  
were examined. E x t r a c t i o n  da ta  a re  shown i n  Table V I  ( 5 ) .  

A c t i n i d e s  a re  r e a d i l y  e x t r a c t e d  from syn the t i c  h igh  sodium con- 
c e n t r a t i o n  waste. With t h e  excep t ion  o f  Hg, no o the r  macro c o n s t i t u e n t  
would be expected t o  f o l l o w  t h e  a c t i n i d e s  i n  a  DHDECMP flowsheet. The 
h i g h  d i s t r i b u t i o n  f o r  Pu(1V) i s  most l i k e l y  due bo th  t o  the  h igh  NaN03 
concen t ra t i on  and t h e  1  ow f l u o r i d e  concen t ra t ion .  



F l  owsheet 

Based on b a t c h  e x t r a c t i o n ,  scrub and s t r i p  d a t a  t h e  f lowsheet  
shown i n  F i g u r e  2 has been developed. R e l a t i v e  f l o w s  a r e  shown i n  
parentheses.  S i x  s tages o f  e x t r a c t i o n  and two stages o f  sc rubb ing  
shou ld  produce TRU-free waste ( < I  0 nCi /g)  a f t e r  c a l c i n a t i o n .  The 
number o f  s tages f o r  s t r i p p i n g  was n o t  determined, b u t  we expec t  a t  
l e a s t  s i x  s tages would be necessary i n  each column. The second s t r i p  
column i s  f e l t  necessary t o  remove Pu n o t  s t r i p p e d  i n  t h e  p reced ing  
s t r i p  column. T h i s  f lowsheet  does n o t  i n c l u d e  a s p e c i f i c  Hg removal 
s tep .  The a d d i t i o n  o f  KCN t o  t h e  carbonate used i n  t h e  s o l v e n t  wash 
column would cause Hg t o  r e p o r t  t o  t h e  s o l v e n t  wash waste. 

Though t h i s  f l o w s h e e t  was developed f o r  Zr-A1 h i g h - l e v e l  waste, i t  
shou ld  be adap tab le  t o  o t h e r  waste generated a t  ICPP. 

M i x e r - S e t t l e r  T e s t  

Flowsheet parameters have been t e s t e d  w i t h  a c t u a l  ICPP waste i n  a 
m u l t i - s t a g e  m i n i a t u r e  m i x e r - s e t t l e r .  The r e s u l t s  of  these t e s t s  and 
a comple te  d e s c r i p t i o n  o f  the  equipment and f l ow  parameters used have 
been r e p o r t e d  ( 6 ) .  Tab1 es V I  I and V I  I I summarize t h e  r e s u l  t s  of  h o t  
runs  u s i n g  Zr-A1 HLLW and h i g h  sodium waste. Both runs i n v o l v e d  
con t inuous  c o u n t e r c u r r e n t  o p e r a t i o n  u s i n g  s i x  stages of e x t r a c t i o n  
w i t h  20 volume % DHDECMP i n  2:1 decal in-DIPB and two stages o f  
sc rubb ing  w i t h  3M HN03. A n a l y t i c a l  analyses o f  feeds and r a f f i n a t e s  
c l e a r l y  indicates t h a t  TRU elements were f r a c t i o n a t e d  f rom ma jo r  
waste c o n s t i t u e n t s  such as A l ,  Zr ,  Na and F. 

We have n o t  y e t  demonstrated t h e  s t r i p p i n g  s e c t i o n s  o f  t h e  
f l o w s h e e t  d u r i n g  h o t  opera t ions .  T h e ' f o l l o w i n g  s e c t i o n  w i l l  desc r ibe ,  
however, a m i x e r - s e t t l e r  run  on commercial HLLW where s t r i p p i n g  was 
i n c l  uded. 

Cold p i l o t  p l a n t  t e s t s  descr ibed by H. R. Maxey i n  an e a r l i e r  
paper a t  t h i s  symposium have demonstrated s t r i p p i n g  and s o l v e n t  
r e c y c  1 e . 

HLLW GENERATED FROM COMMERCIAL LWR PROCESSING 

The work on commercial LWR waste was performed as p a r t  o f  t h e  U.S. 
DOE a c t i n i d e  p a r t i o n i n g  program coord ina ted  by ORNL and was conc l  uded 
by  a success fu l  m i n a t u r e  m i x e r - s e t t l e r  r u n  u s i n g  a c t u a l  Purex f i r s t -  
c y c l e  r a f f i n a t e  t h a t  was generated f rom t h e  d i s s o l u t i o n  of spent  
H. B. Robinson r e a c t o r  fue l  a t  I C P P  ( 7 ) .  The goal  of t h e  program was 
t o  demonst ra te  an e x t r a c t i o n  procedure t h a t  would r e s u l t  i n  a combined 
removal (Purex i n c l u d e d )  o f  99.99% o f  t h e  Pu, 95% o f  t h e  Np and 99.9% 
o f  t h e  Am f rom HLLW. 



E x t r a c t a n t  

The DHDECMP ( ~ 8 6 %  pure )  used i n  t h i s  work was prepared by c e n t r i -  
f u g a l  mo lecu la r  d i s t i l l a t i o n .  The s o l v e n t  used was t e c h n i c a l  grade 
DIPB, A  s o l u t i o n  o f  30% DHDECMP i n  DIPB was used as t h e  e x t r a c t a n t  i n  
t h i s  p r o j e c t .  

Batch D i s t r i b u t i o n  Stud ies 

Batch d i s t r i b u t i o n  exper iments were conducted u s i n g  s y n t h e t i c  
waste whose composi t ion has been p r e v i o u s l y  desc r ibed  ( 7 ) .  The q u a n t i -  
t i e s  o f  f i s s i o n  p roduc ts  a r e  based on c a l c u l a t i o n s  made by t h e  ORIGEN 
code f o r  t y p i c a l  LWR fue l  i r r a d i a t e d  t o  33,000 MWd/metric ton ,  coo led  
f o r  160 days b e f o r e  rep rocess ing  (21 ) . Only m inor  amounts o f  c l a d d i n g  
m a t e r i a l  a r e  p resen t .  

Batch d i s t r i b u t i o n  s t u d i e s  were conducted on t h r e e  m o d i f i e d  
s y n t h e t i c  waste s o l u t i o n s :  o x i d i z e  (0.1M NaN02), reduced (0.01M Fe 
(S03NH )2-0.02M HS03NH2), and cadmium moa i f  i e d  (3.5M - HN03-0. 156a - 
C ~ ( N O ~ ~ ~ - O . O O ~ T ~  HZC202). 

S ince cadmium m o d i f i e d  waste (CMW) was chosen as t h e  most 1  i k e l y  
fo rm t o  be used we d iscuss  he.re o n l y  o u r  work on t h i s  waste form. 

Batch d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  a c t i n i d e s  and o t h e r  key 
elements between CMW and 30% DHDECMP i n  DIPB a r e  shown i n  Table I X .  
E x t r a c t i o n  (o/a. = 1 )  was fo l lowed by two scrub c o n t a c t s  (o /a  = 5 ) ,  
and f i v e .  s t r i p  c o n t a c t s  (o /a  = 1  ) .  Scrub and s t r i p  composi t ions a r e  
e x p l a i n e d  i n  t h e  t a b l e .  

Conceptual F l  owsheet For  CMW 

The b a s i c  f l owshee t  shown i n  F i g u r e  2 was used, .w i th  some modi- 
f i c a t i o n s ,  f o r  a c t i n i d e  p a r t i o n i n g  o f  CMW. The e x t r a c t a n t  i s  30% 
DHDECMP i n  DIPB and t h e  scrub i s  3.5M - HN03-O.05M H2C204. A f l o w  r a t i o  
of one i s  used f o r  e x t r a c t a n t l f e e d .  A f l o w  r a t 7 0  of 1.7 i s  used f o r  
e x t r a c t a n t / s c r u b .  E x t r a c t i o n  f a c t o r  c a l c u l a t i o n s  suggest t h e  decon- 
t a m i n a t i o n  l e v e l s  d e s i r e d  f o r  waste management purposes c o u l d  be 
accomplished by seven i d e a l  c o u n t e r c u r r e n t  stages. I n  theory ,  a  f i v e  
s tage scrub should  e f f e c t i v e l y  remove t h e  e x t r a c t a b l e  f i s s i o n  p roduc ts  
Z r  and Mo. It should  a l s o  remove approx imate ly  50% o f  t h e  Tc, 10% 
of  t h e  Ru and Y,  and l e s s , . t h a n  1% o f  t h e  Pd e x t r a c t .  

Under t h e  f l owshee t  c o n d i t i o n s ,  t h e  f i r s t  s t r i p  c o n t a c t o r  would 
c o n s i s t  o f  t e n  e q u i l i b r i u m  stages. Th is  would remove g r e a t e r  than 99% 
of  t h e  e x t r a c t e d  l a n t h a n i d e s  and t r a n s u r a n i c s .  Only 13% o f  t h e . U  
i s  removed by t h i s  s t r i p .  The second s t r i p  c o n t a c t o r ,  hav ing f o u r  
t h e o r e t i c a l  stages,  would remove t h e  remain ing U and r e s i d u a l  Ce, Am 
and Pu. A f t e r  t h i s  s t r i p ,  The e x t r a c t a n t  would c o n t a i n  a minor  amount 
of Np. The o n l y  f i s s i o n  products  remain ing would be Ru, Tc, and a  
smal l  amount o f  Pd. 



M i n i a t u r e  M i x e r - S e t t l e r  Run on LWR Waste 

N i t r i c  a c i d  was used t o  d i s s o l v e  the  spent f u e l  f rom chopped 
p ieces o f  a H. B. Robinson f u e l  element t h a t  had a burnup of %27,000 
MWd/metric t o n  and had .been cooled f o r  approximately two years .  The 
d i s s o l u t i o n ,  TBP e x t r a c t i o n ,  and r a f f i n a t e  adjustment i s  descr ibed i n  
d e t a i l  i n  Ref.  7. The ad jus ted  HLLW was 3.5M - HN03-0.156M - Cd(NC,),- 
0.0044M H2C204. 

A mod i f ied  12 s tage mina tu re  m i x e r - s e t t l e r  was used f o r  t h i s  
exper iment.  S i x  stages were used f o r  ex t r ac t i on ,  two f o r  scrubbing, and 
f o u r  f o r  s t r i p p i n g .  Flow r a t e s  were 1.0, 0.75, 0.25 and 1.0 mL/min f o r  
t h e  e x t r a c t a n t ,  feed, scrub and s t r i p ,  r espec t i ve l y .  For t h e  f o u r  
stages of s t r i p p i n g ,  0.05M HAN was used. A second s t r i p  s e c t i o n  o f  
d i l u t e  o x a l i c  a c i d  (see ~ T g u r e  2) was no t  used. A schematic o f  t h e  
m i x e r - s e t t l e r  i s  shown i n  F igure  3. 

Approximately s i x  hours were taken t o  reach equ i l i b r i um .  The 
exper iqen t  was a l lowed t o  r u n  an add i t i ona l  4-1/2 hours before samples 
were c o l l e c t e d .  No problems were observed dur ing  t he  course of t he  
exper iments.  Phases separated c l e a r l y  w i t h  no i n t e r f a c i a l  c rud  
apparent.  The Pu and Am a n a l y s i s  o f  the  feed, r a f f i n a t e  and s t r i p  
a r e  shown i n  Table X .  

Assuming no volume changes occurred dur ing  processing, t h e  feed 
decontaminat ion f a c t o r  (DF) f o r  Am and Pu were 9200 and 209. Theo re t i -  
c a l l y ,  96% and 99% o f  ex t r ac ted  Pu and Am, r e s p e c t i v e l y  should s t r i p .  
Since a d i l u t i o n  occurs i n  go ing from feed (0.75 mL/min) t o  s t r i p  
(1  .0  mL/min) , t h e  expected concent ra t ions o f  Am and Pu i n  t he  e x i t i n g  
s t r i p  a r e  74.4' and 43.6 pg/mL, r espec t i ve l y .  The exper imental  values 
i n  Table X a re  h i ghe r  than these t h e o r e t i c a l  concent ra t ions.  Since 
f low r a t e s  a r e  known t o  no b e t t e r  than lo%,  the  expected d i l u t i o n  
t h a t  occurs between feed  and s t r i p  would be i n  e r r o r  by a s i m i l a r  f a c t o r .  
The d iscrepancy observed i s  t h e r e f o r e  reasonable. Consider ing t h i s ,  
s t r i p p i n g  o f  Am and Pu was probably  g rea te r  than 90% i n  t h e  f o u r  s t r i p  
stages . 

Neptunium a n a l y s i s  o f  feed and r a f f i n a t e  i nd i ca ted  a DF of 4.7 
through t h e  process. Had a n i t r i t e  ox idan t  been used a h igher  DF 
would undoubtedly have been rea l i zed .  

The combined a c t i n i d e  removals from the  TBP e x t r a c t i o n s  of t he  LWR 
fue l  and t h e  subsequent m ina tu re  m i x e r - s e t t l e r  experiment on the  
r a f f i n a t e  f rom those e x t r a c t i o n s  removed g rea te r  than 99.99% o f  t h e  Pu, 
g r e a t e r  than 95% o f  t h e  Np, and g rea te r  than 99.9% of t he  Am. Small 
f l u o r i d e  a d d i t i o n s  t o  t h e  m i x e r - s e t t l e r  feed would probably  pe rm i t  
f u r t h e r  r educ t i ons  i n  Pu l e v e l s .  Pa r t i on i ng  experiments w i t h  ICPP 
wastes ( t h i s  paper)  have r e s u l t e d  i n  Pu res i dua l s  as low as 0.1 ng 
Pu/mL ( 6 ) .  Even 1 ower reduc t ions  a re  considered poss ib le .  
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TABLE I 

TYPICAL COMPOSITION OF ICPP Zr-A1 HLLW 

Bulk ~ h e r n i c ~ l  ( M )  

A c i d i t y  (H+)  1.5  

N i  t r a t e  2.36 

F l u o r i d e  . 3.12 

A1 urninurn 0.68 

Zirconium 0.44 

I ron 0.005 

Boron. 0.22 

Mercury s o .  002 

Act in ides  (g /L )  

2 3 7 ~ p  1 .2x1 o - ~  
2 3 8 ~ u  4 x 1  o - ~  
2 3 9 ~ u  1 .4x1 o - ~  
2 4 0 ~ u  3 . 4 ~ 1  o - ~  
241 P U  1 .5x1 o - ~  
2 4 2 ~ u  4 . 8 ~ 1  0-5 

2 4 1 ~ m  4 . 4 ~ 1  o - ~  
243~m 1 .2x1 o - ~  



TABLE I 1  

PLUTONIUM STRIPPING FROM 20% CHDECMP* AFTER VARIOUS HOLDUP TIMES. 
THREE STRIPS WITH 0.05M - HAN (o/a= l  ) .  

Time A f t e r  Loading ( h r s )  ' 

% Pu n o t  
S t r i p p e d  0.083 0.085 0.12 0.25 

*Stock DHDECMP (%86% pure )  prepared by d i  s t i  1 l a t i o n .  

TABLE I 1 1  

PLUTONIUM STRIPPING FROM 20% DHDECMP* AFTER VARIOUS HOLDUP TIMES. 
THREE STRIPS WITH 0.05M - HAN (o/a= l  ) .  

Time A f t e r  Loading ( h r s )  

% Pu n o t  
S t r i p p e d  0.013 0.012 0.024 0.026 

*Stock DHDECMP (>95% pure )  prepared by Hg p r e c i p i t a t i o n .  



TABLE I V  

DHDECMP EXTRACTION-SCRUB-STRIP STUDIES WITH 
SYNTHETIC Zr-A1 HLLW 

DISTRIBUTION COEFFICIENTS 

Feed ~ x t r a c t i o n ~  Scrub b S t r i p  contactsC 

Component Contact  Contact  1 2 3 4 

a ~ q u a l  v o l  ( o / a = l )  c o n t a c t  w i t h  20 vo l%  DHDECMP i n  2:1 Decal in-DIPB 

' s t r i p s  1-3: 0.01 5M HN0,-O.05M HAN, o /a= l  
S t r i p  4: 0.005M - HNO~-O.OSM H T c ~ O ~ ,  0/a=1 



TABLE V 

TYPICAL COMPOSITION OF HIGH SODIUM CONCENTRATION WASTE 

Bul  k Chemical 

A c i d i t y  (H') 

N i t r a t e  

A1 urni nurn 

Z i  r c o n i  urn 

Mercury 

F l  u o r i  de 

Sodi urn 

, , C h l o r i d e  

Phosphate 

(11) A c t i n i d e s  ( g / L )  

1.4 U ..2 x l o - 2  

4.4 PU %l 

0.50 h ..I 

$1 

0.0050 

%6 x 

1.7 

TABLE V I  

DISTRIBUTION DATA FOR 20% DHDECMP AND HIGH SODIUM 
CONCENTRATION WASTE 

Feed Component 

- - -  - 

D i s t r i b u t i o n  C o e f f i c i e n t  

9.5 



TABLE V I I  

TRU REMOVAL FROM Zr-A1 HLLW: MINIATURE MIXER-SETTLER RUN 

TRU TRU 
 ass^ ~ s u i v a l  entb   ass^ ~ q u i v a l e n t ~ ' ~  

Feed 56.6+0.2 - ~ 6 5 0  2228+5 - ~ 5 8 0  

Mixe r  S e t t l e r  0.333+0.001 - %3.8 0.864+0,017 - %0.23 
R a f f i n a t e  

Decontaminat ion 170 
F a c t o r  

a I s o t o p i c  Composi t ion 

2 4 1 ~ - 8 7 .  1 1 , 243~rn - l  2 - 8 9  

b l  L o f  waste c a l c i n e s  t o  %250 g. 

'TRU equ i  v a l  e n t s  e x c l  ude 2 3 8 ~ u  and 241 Pu . 



TABLE \ / I 11  

TRU REMOVAL FROM HIGH SODIUM CONCENTRATION WASTE: 
MINIATURE MIXER-SETTLER RUN 

Feed 

TRU TRU 
blassa ~ a u i v a l e n t ~  .   ass^ ~ a u i v a l e n t ~ "  

M i x e r  S e t t l e r  e0.01 ~ 0 . 1 2  SO. 08 SO. 023 
R a f f i n a t e  

Decontaminat ion  > I  000 
F a c t o r  

a ~ s o t o p i c  Compos i t ion  

241 Am-92.36, 2J3~m-7.  64 

238~u-5 .61  , 2 3 9 ~ u - 8 2  .85, 2 4 0 ~ u - 8 .  63, 241 PU-2. 15, 2 4 2 ~ u - ~ .  76 

b ~ s s u m i n g  1 L o f  waste c a l c i n e s  t o  c250 g. 

'TRU e q u i v a l e n t s  exc lude  2 3 8 ~ u  and 241 Pu. 



TABLE IX 

D i s t r i b u t i o n  C o e f f i c i e n t s  

a ~ a s t e  s o l u t i o n  made 0.1 - M i n  NaN02. 

' S t r i p  1-3: 0.05 - M HN03 - 0.05 - M HAN. 

S t r i p  4: 0.005 - M HN03-- 0.05 - M H2C204- 

S t r i p  5: 0.5 - M Na2C03. 

df\lo b y  g r a v i m e t r i c  a n a l y s i s ,  a l l  o t h e r  by r a d i o m e t r i c  methods. 



TABLE X 

ANALYSIS OF FEED, RAFFINATE AND STRIP FOR Pu AND Am 

Feed R a f f i n a t e *  S t r i p  

* R a f f i n a t e  v a l u e s  a r e  c o r r e c t e d  f o r  d i l u t i o n  of feed by t h e  scrub 
s o l u t i o n .  



F I G U R E . 1 .  A C T I N I D E  D I S T R I B U T I O N  BETWEEN 
3 0  VOL % DHDECMP I N  D I P 6  AND 
H N O ~  AS A FUNCTION OF INITIAL 
HNO, CONCENTRATION .' 



FIGURE 2. CONCEPTUAL FLOWSHEET 

Extraction- 
Scrub 

Strip 1 Strip 2 
Extractant 

Wash 20% 

Actinide Free Actinides Actinides Radiolysis 
Raffinate Rare Earths Rare Earths Products (Hg) 



' F I G U R E  3. P A R T I O N I N G  MIXER-SETTLER . ;  
SCHEDIAT I C 

Scrub 

. -1 

--- + Extractant Flow to flight 

4- Aqueous Flow to Left 

M - Mixer Cell 

S Settler Cell. 




