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ORNL REVIEW OF TRUEX FLOWSHEET PROPOSED FOR DEPLOYMENT 
AT THE ROCKWEL~HANFORD PLUTONIUM FINISHING PLANT 

W .  D. Bond, J. T. B e l l ,  I?. 0. Campbell, and E .  D. C o l l i n s  

ABSTRACT 

The Transuranium E x t r a c t i o n  (TRUEX) p rocess  w i l l  be 
i n s t a l l e d  a t  t h e  Rockwell Hanford Opera t ions  (RHO) Plutonium 
F i n i s h i n g  P l a n t  (PFP). The purposes  are t o  p rocess  t h e  PFP 
waste t o  r ecove r  t h e  plutonium, t o  i s o l a t e  t h e  americium, and 
t o  have t h e  remain ing  waste converted t o  a non-TRU waste. 
Rockwell r e q u e s t e d  t h a t  ORNL provide  a n  o u t s i d e  rev iew of t h e  
p rocess  and i t s  implementation. T h i s  rev iew addres ses  t h e  
g e n e r a t i o n  of t h e  TRUEX feed ,  t h e  chemical f l owshee t ,  and t h e  
p roduc t s  and r a f f i n a t e s .  It s u g g e s t s  t h a t  p r e s e n t  PFP opera- 
t i o n s  be  modified t o  reduce  t h e  amount of t ransuranium ele- 
ments t h a t  w i l l  he  i n  t h e  TRUEX process  feed .  This  rev iew 
a l s o  i n c l u d e s  a n  assessment o f  t h e  TRUEX s o l v e n t  e x t r a c t i o n  
f lowshee t  on t h e  bases  of  material ba l ance ,  adequate  ex t r ac -  
t i o n  and s t r i p p i n g  s t a g e s ,  and s o l v e n t  cleanup. The f i n a l  
D a r t  of? t h e  rev iew i n c l u d e s  r e s u l t s  of t h ree -pa r ty  d i s c u s s i o n s  
[RHO, ORNL, and Argonne Na t iona l  Labora tory  (ANL)] of  some 
major i s s u e s .  

1. INTRODUCTION 

The TRansUranic E x t r a c t i o n  (TRUEX) process’  was developed a t  Argonne 

N a t i o n a l  Labora tory  (ANL) f o r  removal and recovery  of t ransuranium (TKU) 

e lements  from c e r t a i n  n u c l e a r  waste s o l u t i o n s .  The process  i s  a multi-  

s t a g e  s o l v e n t  e x t r a c t i o n  sys tem t h a t  u s e s  two mixed e x t r a c t a n t s ,  oc ty l -  

(phenyl)-N,N-diisobutyl-carbamoylmethylphosphine ox ide  (CMPO) and t r i b u t y l  

phosphate (TBP),  i n  a d i l u e n t  t h a t  i s  b e s t  s e l e c t e d  based on t h e  p a r t i c u -  

lar a p p l i c a t i o n .  The s e l e c t e d  d i l u e n t  is t e t r a c h l o r o e t h y l e n e  (TCE) f o r  

use  a t  t h e  U.S. DOE Kanford S i t e  Plutonium F i n i s h i n g  P l a n t  (PFP). 

Rockwell Hanford Opera t ions  (RHO) dec ided  t o  implement t h e  TRUEX 

process  a t  t h e  PFP (1) t o  r ecove r  plutonium from t h e  PFP w a s t e ,  (2) t o  

remove americium f o r  s t o r a g e ,  and ( 3 )  t o  remove a l l  a c t i n i d e s  t o  a l e v e l  

w e l l  below t h e  100 nCi/g l i m i t  f o r  t ransuranium (TRU) waste. Rockwell 

p l a n s  t o  hegin TRUEX p r o c e s s i n g  o f  PFP wastes by midyear 1991, and they 
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reques ted  t h a t  0 

deployment a t  t h e  PFP. 

provide  a n  o u t s t d e  review of t h e  p r o c e s s  and i t s  

The PFP r e c o v e r s  plutonium i n  the Plutonium Reclamation F a c i l i t y  

(PRF) from s c r a p  materials which a l s o  c o n t a i n  some 241h from *lr1Pu 

decay. 

v a l u e  and i s  b e s t  i s o l a t e d  f o r  f u t u r e  shipment to t h e  Waste I s o l a t i o n  

P i l o t  Plant (WIPP). The PRF s e p a r a t i o n  scheme i s  a pulsed  column s o l v e n t  

e x t r a c t i o n  f a c i l i t y  u s i n g  TBP i n  C C l 4 ,  and t h e  aqueous r a f f i n a t e  from t h e  

f i r s t  e x t r a c t i o n  column i s  t h e  primary waste t o  be t r e a t e d  by t h e  TRUEX 

process .  

f a c i a l  crud t h a t  accumulates  i m  t h e  e x t r a c t i o n  column. F ive  o t h e r  proc- 

ess  streams t h a t  may h e  added t o  t h e  TRUEX process  f e e d  are: 

carbonate  scruh  o f  t h e  s o l v e n t  c leanup,  ( 2  and 3 )  t h e  d i s t i l l a t e s  from 

two e v a p o r a t o r s ,  ( 4 )  l a b o r a t o r y  wastes, and ( 5 )  t h e  HF scrubber  waste, 

The plutonium i s  worth recover ing  w h i l e  t h e  americium h a s  l i t t l e  

T h i s  aqueous r a f f h a t e  w i l l  p e r i o d i c a l l y  i n c l u d e  t h e  i n t e r -  

(1) the 

T h i s  review w i l l  i n c l u d e  (1) t h e  PRF process ing ,  ( 2 )  t h e  PFP wastes 

o r  t h e  TRUEX f e e d ,  ( 3 )  t h e  TRUEX f lowsheet  and chemistry,  and ( 4 )  t h e  

products  and r a f f i n a t e s .  

2. PRF PROCESSING 

Management and o p e r a t i o n  of PRP can a f f e c t  t h e  amount of  t r a n s u r a -  

nium a c t i n i d e s  i n  t h e  PFP waste. Since t h e  s u c c e s s  of the  TRUEX process  

w i l l  be determined by a n  a s s u r e d  long  t e r m  product ion  o f  o n l y  low-]level 

waste from t h e  PFP waste, i t  w a s  prudent  t o  examine t h e  PMF o p e r a t i o n s .  

S e v e r a l  p o i n t s  a r e  s t r e s s e d  t h a t ,  i f  implemented, could  improve t h e  

n a t u r e  o f  t h e  PFP waste and hence promote a s u c c e s s f u l  u s e  of  t h e  TRmX 

process .  

I n  PRF o p e r a t i o n ,  t h e  TBP-CCL, phase Is scrubbed w i t h  sodium ear -  

The regenera ted  bonate  and then  washed and r e a c i d i f i e d  w i t h  3 M - HN03. 
s o l v e n t  q e n e r a l l y  i s  s t o r e d  unt-f l  i t  i s  needed and t h e  s t o r a g e  per iod  can 

be s e v e r a l  weeks. Storape  a f t e r  h i g h  a c i d  t rea tment  promotes chemical 

degrada t ion  of TRP t o  form RDRP ( d i b u t y l  phosphoric  a d d )  and HMBP 

(rnonohityl phosphoric  a c i d )  which are primary contaminants  t h a t  form 

complexes with a c t i n i d e s  t h a t  are not s t r i p p e d  from t h e  o r g a n i c  phase 
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d u r i n g  t h e  s t r i p p i n g  cyc le .  

t h e  o r g a n i c  wi th  t h e  n e x t  sodium ca rbona te  s c r u b  and become p a r t  of t h e  

PFP waste. The PRF s o l v e n t  c l eanup  o p e r a t i o n  could  b e  changed to mini- 

mize t h e  TBP d e g r a d a t i o n  by washing t h e  o r g a n i c  phase a f t e r  t h e  ca rbona te  

s c r u b  w i t h  d i l u t e  n i t r i c  a c i d  ( n o t  g r e a t e r  t h a n  0.1 M ) .  It should n o t  be  

necessa ry  t o  f u r t h e r  a c i d i f y  t h e  o r g a n i c  phase b e f o r e  i t  i s  con tac t ed  

w i t h  t h e  high-acid PRF feed .  

The complexed a c t i n i d e s  are s t r i p p e d  from 

- 

Another o p e r a t i o n  of PRF t h a t  c o n t r i b u t e s  a c t i n i d e s  t o  t h e  aqueous 

waste i s  the t r a n s f e r  of i n t e r f a c i a l  crud from t h e  e x t r a c t i o n  column t o  

t h e  aqueous waste. 

s p e c i a l  management of t h i s  r e l a t i v e l y  small volume of crud could g r e a t l y  

r e l i e v e  stress on t h e  TRUEX process .  The amount o f  i n t e r f a c i a l  c rud  i s  a 

f u n c t i o n  of  s o l v e n t  deg rada t ion  and should  be reduced if t h e  preceding  

sugges t ion  on  s o l v e n t  a c i d i f i c a t i o n  i s  adopted. 

Sepa ra t ion  of t h i s  c rud  from t h e  aqueous waste and 

The PRF f e e d  g e n e r a l l y  i s  n o t  a c l e a n  s o l u t i o n .  It h a s  been c e n t r i -  

fuged hu t  no t  w i t h  h i g h  technology c e n t r i f u g a t i o n ,  and t h e r e f o r e  t h e  f eed  

s o l u t i o n  c o n t a i n s  v e r y  f i n e  suspended s o l i d s .  These s o l i d s ,  which prob- 

a b l y  have h igh  a c t i n i d e  c o n t e n t ,  a l s o  c o n t r i b u t e  t o  t h e  i n t e r f a c i a l  c rud  

i n  t h e  e x t r a c t i o n  column. A f u r t h e r  c l eanup  of t h e  PRF f e e d  ( u s e  a b e t t e r  

c e n t r i f u g e  and r e t u r n  t h e  s o l i d s  t o  t h e  d i s s o l v e r )  can improve t h e  PRF 

e x t r a c t i o w s t r i p p i n g  w i t h  f e w e r  s o l i d s  and a c t i n i d e s  i n  t h e  PFP wastes. 

However, t h i s  improved c l a r i f i c a t i o n  of t h e  PRF f e e d  does n o t  e l i m i n a t e  

the c l a r i f i c a t i o n  s t e p s  i n  the TKUEX process .  

A g e n e r a l  c leanup of the PFP and a commitment f o r  c l e a n e r  o p e r a t i o n  

would h e l p  reduce  t h e  a c t i n i d e  l e v e l  in t h e  PFP waste. Th i s  l a t t e r  

s u g g e s t i o n  and t h o s e  above may appear t o  permi t  t h e  TKUEX implementation 

t o  c o n t r o l  t h e  PFP. However, t h e  main o b j e c t i v e  is t o  a s s u r e  a low-level 

was te  a f t e r  PFP o p e r a t i o n ;  and t h e  o v e r a l l  a t t i t u d e  concern ing  b o t h  t h e  

PFP and TRUEX p rocesses  must be d i r e c t e d  To t h a t  g o a l ,  

3 .  THE PFP WASTES - THE TRUEX FEED 

S i x  streams f r o m  t h e  PFP have been i d e n t i f i e d  as t h e  f eed  f a r  t h e  

TRUEX process  (Fig.  1). Two of t h e s e  are c l e a r l y  TRU wastes, t h e  aqueous 
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r a f f i n a t e  from t h e  RRF main e x t r a c t i o n  column (CAW) and s o l v e n t  c l eanup  

waste (CXP) from t h e  PRF process .  

p r e s e n t  p a r t i c u l a r  problems because of t h e  p re sence  of i n s o l u b l e  and 

r e f r a c t o r y  material which c o n t a i n s  a lpha  a c t i v i t y .  It might be  p r e f e r  

a b l e  t o  c o n s i d e r  t r e a t i n g  them f o r  c l a r i f i c a t i o n  be fo re  t h e y  are mixed 

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

These are a l s o  t h e  streams expec ted  t o  

The o t h e r  f o u r  s t r e a m  can  be s u b s t a n t i a l l y  reduced i n  volume by 

j u d i c i o u s  ope ra t ion .  Two streams are condensa tes  which should  n o t  nor- 

mal ly  be  TRU wastes; i t  might be worthwhile t o  t a k e  a d d i t i o n a l  measures 

to improve e v a p o r a t o r  performance and assure t h a t  t h e  two condensa tes  are 

n o t  TRU wastes. The HF sc rubbe r  waste c o n t a i n s  aluminum and f l u o r i d e  

and should no t  normally c o n t a i n  r e f r a c t o r y  plutonium o r  a l p h a  materials; 

t h u s ,  any a l p h a - a c t t v i t y  may be s o l u b l e  and not p r e s e n t  as s o l i d s .  The 

l a b o r a t o r y  waste c o n s i s t s  p a r t l y  of a condensa te  (which a g a i n  should  n o t  

be  a TRU waste) and p a r t l y  from o t h e r  sou rces  such  as h o t  d r a i n s .  The 

amount of t h i s  material. t h a t  i s  a TRU waste might be s i g n i f i c a n t l y  

reduced. 

Thus, a combination of hardware improvements and a p p r o p r i a t e  admin- 

i s t r a t i v e  procedures  might s u b s t a n t i a l l y  reduce t h e  t o t a l  volume o f  TRU 

wastes. Such a c t i o n s  have been e f f e c t i v e  a t  o t h e r  l o c a t i o n s .  As a 

somewhat extreme example, i n  a program t o  reduce  t h e  waste management 

problems a t  t h e  P ro to type  F a s t  Reactor (PFR) r e p r o c e s s i n g  p l a n t  a t  

DOunreay, United Kingdom, a l l  a n a l y t i c a l  p rocedures  were r e v i s e d  t o  e l i -  

mina te  c h l o r i d e s  and c e r t a i n  complexing a g e n t s  and o t h e r  chemicals com- 

monly used i n  ana lyses .  Furthermore,  t h e  use  of h o t  d r a i n s  w a s  l i m i t e d  

s o  t h a t  a n a l y t i c a l  l a b s  had t o  p rocess  t h e i r  own w a s t e  t o  a s o l i d  o r  v e r y  

s m a l l  l i q u i d  volume. In s p i t e  of i n i t i a l  o b j e c t i o n s ,  once t h i s  procedure 

w a s  done i t  a p p a r e n t l y  worked o u t  reasonably  wel l .  It  i s  n o t  clear t o  

what e x t e n t  such  a n  approach has been cons idered  a t  t h e  PFP. 

For t h e  r e f e r e n c e  case, t h e  s i x  PFP waste streams are combined as 

shown i n  Fig. 1. 

r e s u l t i n g  TRUEX feed. The n o l a r  c o n c e n t r a t i o n s  of uranium, plutonium, 

and americium should u s u a l l y  be about  3, 30, and 6 uM, r e s p e c t i v e l y .  

The aluminum c o n c e n t r a t i o n  i s  v e r y  h i g h ,  0.43 M, and t h e  i r o n  concent ra -  

t i o n  is 0.03 M. The f eed  i s  a d j u s t e d  t o  1.5 M HNO3 and t h e  t o t a l  n i t r a t e  

c o n c e n t r a t i o n  i s  then  3.06 M. 

Leonard, e t  a1.2, have e s t i m a t e d  t h e  composition of t h e  

I 

- 
- - 

- 
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S o l i d s  suspended i n  t h e  TRUEX feed,  which depend l a r g e l y  on t h e  

PKP o p e r a t i o n ,  way c o n t a i n  both  TRU and nora--TRU couponents; and plutonium 

should be t h e  o n l y  TRU component i n  t h e  s a l i d s  t h a t  remain af ter  a 

d i g e s t i o n  p e r i o d  i n  1.5 M - ac id .  Char .ncter izat ion of t he  s o l i d s  i n  terms 

of p h y s i c a l  p r o p e r t i e s  and chemical  composition w i l l  e n a b l e  b e t t e r  deei- 

s i o n s  on t h e  managemenl- of [.he s o l i d s .  For now, i t  i s  proper  t o  p l a n  f o r  

t h e  b e s t  pract ical  removal of the s o l i d s  from t h c  'I'RUEX f e e d  b e f o r e  t h e  

e x t r a c t i o n  sLep.  If t h e  volume and t h e  plutonium c o n t e n t  of  t h e  s o l i d s  

a r e  acceptab ly  low, t h e  s o l i d s  tilay b e  d i r e c t l y  prepared  f o r  t r a n s f e r  to 

WIQP o r  added t o  t h e  americium waste r e s u l t i n g  from t h e  TRUEX process  

opera t ion .  Otherwise,  t he  s o l i d s  can b e  r e c y c l e d  through the  PRF 

d i s s o l v e r s  

S o l i d s  that  are no t  s e p a r a t e d  from the  TRUEX process  f e e d  before  

e x t r a c t i o n  and s o l i d s  t h a t  f o r m  because of  excurs ions  i n  the  TRUEX proc- 

ess operaeion, g e n e r a l l y  w i l l  follovs t h e  aqueous stream. Hence, t h e  

aqueous raffinate and any o t h e r  aqueous process d i s c h a r g e  could c o n t a i n  

s o l i d s  wh i e h  i n c l u d e  TRU matertal  and t h e  e f f i c i e n c y  of TRUEX process ing  

would be diminished. ThePeSore,  the o v e r a l l  TRUEX process  deployment 

should inc lude  a p o l i  s h i  rig f I l t r a t i o n  of t h e  aqueous p r o c e s s  d i s c h a r g e  

streams probably by deep heal f i l t r a t i o i i .  

4 a TKUEX SOLVENT EXTRAC'L'TON FLOWSHEET ASSESSMENT 

An asscasment of t h e  TEUEX s o l v e n t  e x t r a c t i o n  f lowsheet f o r  p r o r  

c e s s i n g  PFP waste a t  Hanford  was made t o  determine: 

i s  bascd a n  feasible cheinistry,  ( 2 )  t h a t  no a p p r e c i a b l e  q u a n t i t i e s  ( O K  

volumes) of secondary TXU wastes are c r c a t s d  i n  removing plutoniurn and 

americium from t h e  PYP waste, and ( 3 )  t h a t  modest v a r i a t i o n s  In process  

variables siach as a c i d i t y  oT s h e  PFP w a s t e  will not cause  Less than  

required r e m v a l  o f  t ransuranium elements.  The assessment  c o n s i s t e d  

f i r s t  o f  a ca~elt1.11 review o f  t h e  chemistry and e q u i l i b r i u m  d i s t r i b u t i o n  

d a t a  which forms the  b a s i s  of the 'TKUEX p r o c e s s  and t h e  r e s u l t s  from 

" t racer  l e v e l "  flowsheet. tes ts  of t h e  process a t  ANI,. This  review 

c o n s i s t s d  of d i s c u s s i o n s  w i t h  AMP, s t a f f  and an examination of t h r i r  pub- 

l i s h e d  information. Subsequent ly ,  a d e t a i l e d  ana lys i s  was c a r r i e d  o u t  on 

(1) that t h e  p r o c e s s  
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t h e  ANL r e f e r e n c e  f lowshee t  € o r  t h e  TRUEX process .  The d e t a i l e d  a n a l y s i s  

w a s  conducted wi thou t  i n v o l v i n g  ANL per sonne l  and inc luded  p r e p a r a t i o n  o f  

a material b a l a n c e  f lowshee t  which i d e n t i f i e d  a l l  waste and product  

streams. Then, t h e  e f f e c t s  of modest changes i n  t h e  n i t r i c  a c i d  con- 

c e n t r a t i o n  i n  t h e  p rocess  f e e d  on t h e  americium and plutonium concen- 

t r a t i o n s  o f  p rocess  ou tpu t  streams w e r e  determined from c a l c u l a t i o n s  o f  

e q u i l i b r i u m  cond i t ions .  This  assessment  presumed ( 1 )  that t h e  aqueous 

f eed  had been s u f f i c i e n t l y  c l a r i f i e d  and (2) t h e  s o l v e n t  e x t r a c t i o n  

p r o c e s s  gene ra t ed  no TRU-bearing s o l i d s .  

4.1 PROCESS CHEMISTRY AND EQUILIBRIUM DATA 

The TRUEX p rocess  developed by ANL is based on solvent e x t r a c t i o n  

chemis t ry  t h a t  has  been thoroughly s t u d i e d  and i s  w e l l  understood.  The 

ANL s t a f f  ate t o  be  commended f o r  t h e  q u a l i t y  and thoroughness of t h e i r  

work. 

(1) t h e  e q u i l i b r i u m  d i s t r i b u t i o n  c o e f f i c i e n t s  of both  TRU and non-TRU ele- 

ments and t h e i r  dependency on aqueous s o l u t i o n  a c i d i t y ,  (2 )  t h e  s t a b i l i t y  

of t h e  s o l v e n t  (0.25 M CMPO - 0.75 - M TBP i n  TCE d i l u e n t )  to t h e  r a d i a t i o n  

and chemicals  p r e s e n t  d u r i n g  t h e  process ing ,  and (3)  t h e  impor tan t  p h y s i c a l  

p r o p e r t i e s  (phase  s e p a r a t i o n s  times, d e n s i t y ,  e tc . ) .  This broad base of 

d a t a  permi ts  r e l i a b l e  estimates f o r  composi t ions of product  and waste 

streams and r e l i a b l e  judgment of s o l v e n t  performance. 

A broad base  of d a t a  h a s  been obta ined  by ANL which inc ludes  

- 

Process  chemis t ry  d a t a  show t h a t  t h e  r equ i r ed  degree  of removal of 

plutonium and americium can  b e  achieved u s i n g  ve ry  modest a d d i t i o n s  of 

p rocess  r e a g e n t s  f o r  sc rubb ing  and s t r i p p i n g  ope ra t ions .  Because of t h e  

l o w  r a d i a t i o n  dosages 1-2.9 kJ/L (-0.8 Wh/L) each yea r ]  t o  t h e  s o l v e n t  

and i t s  e x c e l l e n t  chemical  s t a b i l i t y ,  s o l v e n t  deg rada t ion  i s  not a n  a n t i -  

c i p a t e d  major problem. 

t i f i e d  i s  d i b u t y l  phosphor ic  a c i d  (HDBP) formed from TBP which can  be  

easi ly  removed by sc rubb ing  w i t h  an a l k a l i n e  s o l u t i o n .  The HDBP genera- 

tion ra te  is q u i t e  low and even a f t e r  one yea r  of r o u t i n e  o p e r a t i o n  wi th  

no  removal, i t s  c o n c e n t r a t i o n  would b u i l d  up only  t o  about  I mM, which 

is a c o n c e n t r a t i o n  t h a t  should  n o t  be a problem i n  TRUEX process  opera- 

t i o n .  For r o u t i n e  o p e r a t i o n  i t  may e v e n t u a l l y  prove unnecessary t o  c l e a n  

The o n l y  d e l e t e r i o u s  deg rada t ion  product  iden- 

- 
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t h e  s o l v e n t  f o r  each  f lowshee t  pass ;  i n i t i a l l y ,  however, i t  i s  recow 

mended t h a t  t h e  HDBP b e  removed by a l k a l i n e  sc rubb ing  a f t e r  each  

e x t r a c t i o n - s c r u k s t r ~ p  cyc le .  

i n c r e a s e  t o t a l  sa l t  w a s t e .  volumes s i g n i f i c a n t l y  (see Sec t .  4.2).  

T h i s  conse rva t ive  approach w i l l  no t  

Numerous p r e l i m l n a r p  tests w i l l  he needed t o  e s t a b l i s h  t h e  oper- 

a b i l i t y  of  a TRUEX p l a n t  w%th r e g a r d  t o  equipment, s a f e t y ,  and adequacy 

of process  c o n t r o l  systems. These tests w i l l  i nvo lve  numerous s t a r t u p  

and shut-down (planned and unplanned) o p e r a t i o n s .  Such o p e r a t i o n s  can 

o f t e n  l e a d  t o  much longe r  s o l v e n t  c o n t a c t  times ( o r  s o l v e n t  ag ing  w i t h  

d i s s o l v e d  chemica ls )  than  I n  r s u t l n e  o p e r a t l o n s  a t  r e f e r e n c e  p rocess  con- 

d i t i o n s .  

a s i g n i f i c a n t  d u r a t i o n ,  b e t t e r  i n fo rma t ion  from a c t u a l  p l a n t  d a t a  w i l l  

e n a b l e  a d e c i s i o n  on t h e  frequency o f  s o l v e n t  cleanup. In  f a c t ,  t h i s  

frequency may e v e n t u a l l y  depend on the proven a b l l i t y  t o  adequa te ly  s c r u b  

o r  s t r i p  species such  as i r o n ,  which forms h i g h l y  i n s o l u b l e  compomds w i t h  

HDBP, from the  s o l v e n t .  

A f t e r  t h e  p l a n t  becomes f u l l y  o p e r a t i o n a l  and has opera t ed  f o r  

4.2 HATERIAL BALANCE FLOWSHEET FOR TFE REFERENCE TRUEX PROCESS AND THE 
COMPOSITION OF PKOCESS STREAMS 

A material  ba l ance  (Table 1) w a s  c a r r i e d  o u t  on t h e  r e f e r e n c e  flow- 

sheet (P ip .  2 )  f o r  t h e  nominal d a i l y  p rocess ing  rate of PFP waste a t  

Hanford. R e s u l t s  are summarized i n  Table  2 on a n  annual  throughput 

b a s i s  f o r  product and was te  streams. Output p rocess  stream compositions 

and t h e i r  TWU c o n t e n t  were e s t ima ted  hy c a l c u l a t i o n s  from e q u i l i b r i u m  

da ta*  and are i n  good agreement w i t h  ANL's p r e d i c t i o n s .  

t i o n s ,  w e  assumed t h a t  t h e  e x t r a c t i o n  c o e f f i c i e n t s  of TRU and non-TRU 

elements remained c o n s t a n t  a t  va lues  g iven  i n  Table  111-1 of  r e f .  1 

throughout t h e  ~ ~ ~ d t i p l e  c o n t a c t s  i n  t h e  e x t r a c t i o n  sc rubb ing  and i n  the 

s t r i p p i n g  o p e r a t i o n s .  

were used to c a l c u l a t e  end-stream compositions.  

In our  ca l cu la -  

The methods s imilar  t o  those  desc r ibed  by Alders3  

It was assumed t h a t  t h e  americium product  stream could be conver ted  

t o  a s o l i d  w a s t e  form wi thou t  g e n e r a t i n g  a s i g n i f i c a n t  volume of second- 

a r y  TRU waste'. Then t h e  o n l y  secondary TRU waste gene ra t ed  by TRUEX 

p rocess ing  i s  the solvent sc rubbe r  waste (SSW). The SSW I s  e s t i m a t e d  t o  



Table 1. Complete material balance f o r  re ference  TKUEX flowsheet (shown i n  Pig. 2 )  

Process  Stream 2EP 2EW 4XP 5XP 5E S ssw 3SP 4XP 5xF 
Feed Waste h e r  icium Plutonium Waste 

Volumetic flow 
Absolute (L/d) 
Rela t ive  t o  feed 

Concent r a t i o n s  

Pu, mg/L 
II, mafL  
tbn-TRU metals ,  
RL 

Non-TRU sa l t s ,  
R /L 

Mass flow 
-4% If/d 
Po, g/d 
U, g/d  

HE/‘ 
Nan-TRU metals, 

Non-TRU s a l t s ,  
Mg/d 

HNO3, mol/d 
HF, mol/d 

TRU a c t i v i t y a  
Am, nCl /L  
Pu, nCi/L 
An, C i / d  
Pu, Ci/d 

9 . 6 0 ~ 1 0 ~  
1.000 

1.5 

1.45 
7.17 
7.1 x io-* 

1.8% 101 

1 . 1 8 ~ 1 0 ~  

1 . 3 9 ~  101 
6 . 8 8 ~  lo1 
6.80 

1.80x 10-1 

1.11 
1 . 4 4 ~  Id, 

4.9 6x 106 
6 . 5 6 ~ 1 0 ~  
4 . 7 6 ~ 1 0 ~  
6.30 

1 . 0 8 ~ 1 0 ~  
1,125 

1.3 

1 . 9 0 ~  10-4 
ni 1 
nil 

1 .64x101 

1 . 0 5 ~  IO2 

2 . 0 4 ~  
nil 
nil 

1.8~10-1 

1.11 
I. 4 5x IO4  

5.50x102b 
n i l  
~ . O X I O - ~  
n i l  

3 . 6 0 ~ 1 0 ~  
0.3750 

1.1x10-1 

3.87 
1.2x10-2 
5.7 x I 0-2 

1.39~101 
4.3x10-1 
2. o x  10- 1 

3.96~102 

1.32~107 
1 . 1 0 ~  104 
4.76~10’ 
3.9 3 x 1 0-2 

1.80~10~ 
0.1875 

5.0~10-2 
5.0 x 10-2 

3 .8~101  
4 . 4 ~  10-1 

1 .OX 10-3 

1 . 8 0 ~  
6 . 8 4 ~  101 
7 . 8 ~  10-1 

9. Ox 10‘ 
9.0x101 

3.4 2x103 
3.4  7x IO6 
6 . 1 6 ~ 1 0 - ~  
6.25 

3 . 6 0 ~ 1 0 ~  
0.3750 

I .  o x  10-2 

3.2 3x 10-6 
3.9~ 10-3 
1.62 

1.16~10’5 
1.39~10-2 
5.83 

3 . 6 ~ 1 0 ~  

1.11x10’ 
3 . 5 7 ~ 1 0 ~  
3.97~10-~ 
1.2 7 x 10-3 

1. 8Ox1O2 1.20~103 3 . 6 x ~ 0 3  1 . 8 0 ~  103 
1 . 8 7 5 ~ 1 0 ’ ~  0.1250 0.3750 0.1875 

0.25 5. Ox 10-2 5.0 x 10-2 
5.0 x 10-2 

6.4 6x 10-6 
7.80~10-2 
3 . 2 4 ~ 1 0 ~  

9.2 

3 . 4 ~ 1 0 ~  

I. 1 6 x  10-5 
1.3 9 ~ 1 0 - ~  
5.83 

1.6 5 x  1 0-3 

6.12~10-3 
3 . 0 0 ~ 1 0 ~  1 . 8 0 ~ 1 0 ~  9.0~10’ 

9.ox101 

2.2 1 x 1OZC 
7 . 1 3 ~ 1 0 ~ ~  
3.9 7 x I 0-5 
1.27xiO-3 

aCalculated u s i n g  Am = 3.4230 Ci/g and Pu = 9 . 1 4 4 1 ~ 1 0 - ~  Ci/g. 
bAfter n e u t r s l i z a t i o n  t h e  waste would be 2.6 nCi/g on basis of t h e  250 g/L of non-TRU salts.  
‘6.1 nCi/R on h a s i s  of 34 g s a l t / L .  
‘210 nCi/g on has is  of  34 g s a l t / L .  
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Fig. 2. Reference T R n X  flowsheet for removfng americium and plutonium 
from PFP w a s t e s .  



Table  2. Annual throughputs for TRWX processhg of PPP waste 

(250 days operat ion)  

Americium Product (4xp) 

kg of americfum 

Z 4 1 h  c u r i e s  

Plutonium Product (5XP)  

kg of plutonium 

Plutonium, c u r i e s  

Non-TRU Waste (2EW) 

A c i d  waste: 

Non-TRU sa l t s  kg 

HNO3, kg 

Ne u tr a1 iz ed waste : 

Volume, L 
N o r T R U  salts, kg 

Americium, c u r i e s  

Spec. a c t .  of s a l t ,  nCi/g 

Total nitrate, kg 

Spent Solvent Scrubber Waste (S SW) 

Sodium s a l t s ,  kg 

Americium, curies 

Plutonium, c u r i e s  

Uranium, kg 

3.5 

1.,2~104 

17 

1 . 6 ~ 1 0 ~  

2 . 8 ~  lo5 
2 * 2 x  105 

2. 7x106 

5,8x lo5 
(1.7 

( 3  

4 .5x  105 

1.5x 103 

9.9 5x loe3 

3 .  17x10-1 

1*5 
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c o n t a i n  %ZOO nCi pU/g (sodium s a l t  c o n t e n t  b a s i s ) .  

of SSW (6.1 leg Na  s a l t s )  i s  g e n e r a t e d ,  and i t  could  be  converted t o  a 

non-TKU waste  by (1) b lending  t h i s  SSW w i t h  t h e  10,800 L of 2EW waste o r  

( 2 )  adding one a d d i t i o n a l  s t a g e  i n  plutonium s t r i p p i n g  t o  reduce t h e  SSW 

t o  ' ~ 1 2  nCi/g- 

prudent  because of t h e  uranium c o n t e n t  i n  t h e  SSW; t h u s ,  t h e  second 

o p t i o n  i s  p r e f e r r e d .  

Howeverp o n l y  180 L/d 

The f i r s t  o p t i o n  t o  blend t o g e t h e r  t h e  wastes may n o t  be 

The ANL r e f e r e n c e  f Powsheet u t i l i z e s  t he  b a s i c  s e p a r a t i o n  chemistry 

of C W O  t o  optimum advantage. 

ach iev ing  a c o n c e n t r a t l u n  f a c t o r  of %2.7 and t h e  plutonium product  i s  

recyc led  t o  PRF f o r  recovery.  

even w i t h  no reagent  r e c y c l e ,  i t  o n l y  i n c r e a s e s  t h e  s a l t  waste mass by 

' ~ 5 % .  

t h e  i n i t i a l  f e e d  voluiiie and i s  t y p i c a l  of  a good s o l v e n t  e x t r a c t i o n  proc- 

e s s .  Most of t h i s  excess volume i s  water, and i t  can be r e c y c l e d  t o  t h e  

processing.  

f o r  d i s c h a r g e  t o  t h e  environment. The h i g h e s t  degree  of decontaminat ion 

f o r  water ( f o r  r e c y c l e  ox" discharge)  i s  needed i n  t h e  conversion of  t h e  

a m e r i c i u m  product (4XP) t o  a s o l i d  waste f o r m 4  

herieIum i s  removed from t h e  waste whi le  

Process  chemical a d d i t i o n  i s  q u i t e  Low; and 

The t o t a l  aqueous volume genera ted  i n  'CRUEX process ing  is %170% of 

Some small f r a c t i o n  o f  t h e  water may r e q u i r e  decontaminat ion 

Although t h e  r e f e r e n c e  TRUEX process  f lowsheet can be modlf ied t o  

permit.. t h e  product ion  of  a more concent ra ted  americium product ,  i t  i s  not  

obvious t h a t  t h e  p o t e n t i a l  b e n e f i t s  w i l l  outweigh t h e  i n c r e a s e d  complex- 

i t y  of process  o p e r a t i o n s .  To accomplish h i g h  product c o n c e n t r a t i o n s  of 

americium, e i t h e r  19ack c y c l e  O Z  americium t o  t h e  PRF f e e d  o r  i n t e r n a l  

r e f l u x  of t h e  americium i s  r e q u i r e d ,  D e t a i l e d  process  and equipment 

f lowshee t  a n a l y s e s ,  p l u s  a d d i t i o n a l  exper imenta l  war-k, are r e q u i r e d  t o  

e s t a b l i s h  i f  a n y  f lowshee t  has p o t e n t i a l  merit f o r  i n c r e a s i n g  t h e  ameri- 

cium c o n c e n t r a t i o n .  Also, major changes i n  t h e  TRUEX process  f lowshee t  a t  

t h i s  po in t  could s i g n i f i c a n t l y  d e l a y  t h e  process ing  of PFP waste. 

4.3 EFFECT OF VARIATLONS IN 'rm NLTRIC ACID CONCENTRATION I N  TRUEX 
PROCESS FEED O N  AMERICIIJM STRIPPING 

S i n c e  t h e  s t r i p p i n g  of  amer - i c i ea ra  i s  third power dependent on n i t r i c  

a c i d  c o n c e n t r a t i o n ,  t h e  amount of n i t r i c  a c i d  e x t r a c t e d  i.n t h e  e x t r a c t i o n -  



13 

sc rubb ing  bank (Fig.  2) w i l l  i n f l u e n c e  t h e  subsequent s t r i p p i n g  of  ameri- 

cium i n  S t r i p  Bank No. 1. The e x t r a c t i o n  of a c t i n i d e s  i n  t h e  e x t r a c t i o n -  

s c r u b  bank i s  e s s e n t i a l l y  independent of n i t r i c  a c i d  c o n c e n t r a t i o n  i n  t h e  

1 t o  3 M range. S ince  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  of HN03 is on ly  0.2, 

most o f  t h e  a c i d  w i l l  be s t r i p p e d  from t h e  o r g a n i c  phase i n  S t r i p  Bank No. 

1, and t h e r e  i s  e s s e n t i a l l y  no ef fec t -  on plutonium s t r i p p i n g  in S t r i p  Bank 

No.  2. In an o p e r a t i n g  p l a n t ,  modest v a r i a t i o n s  ( ? l o % )  i n  f e e d  a c i d  con- 

c e n t r a t i o n s  are t o  be expec ted ,  and a n  o c c a s i o n a l  e r r o r  i n  f eed  ad jus tment  

may cause much wider v a r i a t i o n s .  

- 

C a l c u l a t e d  p r o f i l e s  f o r  n i t r i c  a c i d  i n  t h e  americium s t r i p  bank 

(No. 1) are g iven  in Table  3 f o r  TRUEX process  f e e d s  ranging from 1.0 t o  

4.0 M HNO3. The e f  fect  of i n c r e a s i n g  HNO3 c o n c e n t r a t i o n s  i n  t h e  f e e d  t o  

t h e  s t r i p  bank w i l l  s i g n i f i c a n t l y  i n c r e a s e  HNOJ c o n c e n t r a t i o n s  i n  s t a g e  1, 

which w i l l  r e s u l t  i n  poore r  s t r i p p i n g  o f  americium i n  t h a t  stage. 

a c i d  c o n c e n t r a t i o n s  i n  S t a g e s  2 and 3 a r e  not  g r e a t l y  i n c r e a s e d  by 

i n c r e a s i n g  t h e  HNO3 c o n c e n t r a t i o n  of t h e  TRUEX feed  r e f e r e n c e  f lowshee t  

c o n d i t i o n s  from 1.5 M I t o  4.0 M I HN03. 

t h e  same €or  a l l  f e e d  c o n c e n t r a t i o n s .  Thus, t h e r e  can be no problem 

caused by a c i d  changes i n  t h e  subsequent s t r i p p i n g  o f  plutonium i n  S t r i p  

Bank No. 2. Thus, small v a r i a t i o n s  of  + lo% i n  TRUEX p rocess  feed  a c i d i t y  

would have e s s e n t i a l l y  no effect  o n  americium s t r i p p i n g .  The use  of f o u r  

s c r u b  s t a g e s  i n  the e x t r a c t i o n  s t e p  (F ig .  2) i s  b e n e f i c i a l  i n  reducing  t h e  

e f f e c t  of f e e d  a c i d i t y  on subsequent s t r i p p i n g .  

- 

Nit r ic  

Stage  4 c o n c e n t r a t i o n s  a r e  v i r t u a l l y  

The o n l y  s e v e r e  problem t h a t  w i l l  occur  if americium is not suf- 

f i c e n t l y  s t r i p p e d  w i l l  be  the produc t ion  of a TRU-contaminated s o l v e n t  

wash waste. However, o u r  c a l c u l a t i o n s  show t h a t  even i f  f e e d  a c i d i t i e s  

of  up t o  4 M w e r e  employed, t h e  americium a c t i v i t y  of s o l v e n t  wash waste 

would o n l y  i n c r e a s e  from 6.5 t o  2 0  nCi /g  of d i s s o l v e d  salts. 

con tamina t ion  of the plutonium product  would b e  i n c r e a s e d  about  t h ree -  

f o l d  (up  t o  0.3% of t h e  americium i n  t h e  f eed ) ;  bu t  s i n c e  t h e  plutonium 

product  i s  r ecyc led  t o  PRP, t h i s  i s  of l i t t l e  concern. Also, the i n c r e a s e  

i n  t h e  SSW a c t i v i t y  could  be e l i m i n a t e d  by adding an e x t r a  s t r i p  s t a g e  in 

americium s t r i p p i n g  o r ,  if p r e f e r r e d ,  t o  plutonium s t r i p p i n g .  

- 
Americium 
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5 .  MAJOR ISSUES DISCUSSED BY THREE PARTIES (RHO, ANL, AND OKNL) 

S e v e r a l  q u e s t i o n s  on t h e  TRUEX process  f lowsheet  and i t s  r e l a t e d  

chemis t ry  have been d i s c u s s e d  by members o f  t h e  RHO, Am, and ORNL s t a f f .  

These q u e s t i o n s  and t h e  OKNL answers based on t h o s e  d i s c u s s i o n s  are g iven  

h e r e  f o r  r e f e r e n c e  purposes .  Only t h e  q u e s t i o n s  r e l a t e d  t o  t h e  f lowsheet  

are g iven  here .  

5.1 WHAT I S  THE MOST VUJJERABLE PART OF THE TRUEX PROCESS FLOWSHEET FOR 
PFP WASTE? 

The PFP waste c o n t a i n s  s o l i d s  that l i k e l y  w i l l  n o t  d i s s o l v e  com- 

p l e t e l y  i n  1.5 M HNO3. Those r e s i d u e s  will c o n t a i n  TRU elements  and must 

be  s e p a r a t e d  from t h e  TRIJEX process  feed. A good High-Gradient Magnetic 

F r a c t i o n a t i o n  (HGMF) o r  c e n t r i f u g a t i o n  technique  w i l l  s e p a r a t e  t h e  major 

p a r t i c u l a t e s ,  b u t  a ecsmplete s e p a r a t i o n  of  t h e  p a r t i c u l a t e s  w i l l  be d i f -  

f i c u l t .  

e x t r a c t i o n  system and w i l l  p robably  remain w i t h  t h e  aqueous stream. 

is n o t  clear where p a r t i c u l a t e s  w i l l  r e s i d e  in c e n t r i f u g a l  c o n t a c t o r s ,  

b u t  a t  least some p a r t i c l e s  w i l l  trace t h e  aqueous stream t o  t h e  raf- 

f l n a t e  waste. 

t h e i r  TRU element con ten t .  To minimize t h e  TRU element  con ten t  of t h e  

TRUEX process r a f f i n a t e ,  t h e  f lowshee t  should  i n c l u d e  a p o l i s h i n g  f i l t e r ,  

such  as a deep bed f i l t e r ,  f o r  t h e  r a f f i n a t e .  S o l i d  p a r t i c l e s  con ta in ing  

TRU e lements  p a s s i n g  through t h e  system and contaminat ing  t h e  r a f f i n a t e  

could  he a major problem but  proper  f i l t r a t i o n  can eliminate o r  minimize 

t h i s  problem. 

The very  s m a l l  p a r t i c u l a t e s  w i l l  l i k e l y  proceed i n t o  t h e  s o l v e n t  

It 

There,  t h e  e f f e c t  of t h e  p a r t i c l e s  w i l l  be  determined by 

5.2 WHAT I S  THE EXPECTED OPERATING LIFETIME OF THE CENTRIFUGAL 
CONTAGTORS? 

There are no long-term "hot"  o p e r a t i o n s  from which an  a c c u r a t e  

expected l i f e t i m e  c a n  be determined. The ANL s t a f f  b e l i e v e s  t h a t  the 

c o n t a c t o r  l i f e t i m e  should  be  a t  least f i v e  y e a r s ,  and even t hen  t h e  

commercially a v a i l a b l e  motor i s  t h e  most l i k e l y  component t o  f a i l .  

............. - 



S i n c e  t h e  motor can be replaced e a s i l y ,  q u i c k l y ,  and i nexpens ive ly ,  ANL 

h e l i e v e s  t h a t  t h e  expec ted  o p e r a t i n g  l i f e e l m e  i s  accep tab le .  The ORNL 

has some r e s e r v a t i o n s  QSI t h e  l i f e t i m e s  and sugges t s  t h a t  a c a r e f u l  

q u a l i t y  a s su rance  program be e s t a b l i s h e d  for product ion  of t h e  c o n t a c t o r s  

and t h a t  a careful t e s t i n g  procedure  b e  r e q u i r e d  b e f o r e  accep t ing  t h e  

c o n t a e t o r s  

5.3 \4'HAT IS THE EFFECT OF PLUTONIUM POLYMER IN THE PFP WASTE OR LN THE 
TRUEX PROCESS? 

The PPP w a s t e  may c o n t a i n  some p l u t o n i ~ m  polymer that  formed d u r i n g  

t h e  PFP p rocess ing ,  even though processing c o n d i t i o n s  should  n o t  support  

polymer formation. 

formance, t h e  PRF s o l v e n t  wash could  produce sone polymer i n  t h e  car- 

bona te  wash. 

conclus ion  t h a t  there w i l l  be s m a l l  amounts of polymer i n  t h e  PFP wastes. 

Any p o l y ~ i e ~ ~  i n  t h e  PFP waste probably  w i l l  be "aged'? polymer and w i l l  

proceed i n t o  t h e  TRUEX process. 

i n t e r f a c i a l  c rud ,  and the remainder should s t a y  i n  the  aqueous phase. 

There  i s  no p r e s e n t  i n fo rma t ion  t o  p reddc t  t h e  q u a n t l t y  of polymer t h a t  

might r each  t h e  aqueous r a f f i n a t e  from t h e  TRUEX proeess. 

Depending on t h e  PRP e x t r a c t i o n  and scrubbing  per- 

The g e n e r a l  o p e r a t i o n  of PFP l e a d s  t o  t h e  c o n s e r v a t i v e  

There, some of t h e  polymer may appear as 

The most l i k e l y  p l a c e s  f o r  polymer format ion  i n  t h e  TRUEX process  

a x e  i n  t h e  s t a g e s  where the s o l u t i o n  f o r  americium s t r i p p i n g  i s  in t roduced  

and where t h e  plutonium s t r i p p i n g  i s  done. The l o w  a c t d  americium s t r i p  

s o l u t i o n ,  0.05 - M HNO3,  may s t r i p  some plutonium from which some polymer 

inay form b e f o r e  t h e  aqueous phase s t r i p s  @nough a c i d  from t h e  o r g a n i c  t o  

p reven t  polymer formation. Any such  plutonium polymer formed i n  t h e  

americium s t r i p p i n g  cyc le  probably will f o l l o w  t h e  americium and be  a 

problem u n l e s s  t h e  p o l p c r  i s  removed w i t h  t h e  amerlciulm. 

americium recovery  is t o  l o a d  i t  o n t o  a c a t t o n  exchange r e s i n ,  and t h e  

r e s i n  i s  not  l i k e l y  t o  also remove the plutonium polymer. Some R&D work 

.Is needed t o  answer t h e s e  q u e s t i o n s  coracerning plutonium polymer. 

The p l a n  f o r  

The formar ton  of plutonium polymer i n  the plutonium s t r i p p i n g  s t a g e s  

should be less l i k e l y  because of  the presence  of Q.05 M - f l u o r i d e .  

e v e r ,  t h e  low a c i d  c o n c e n t r a t i o n ,  0.05 - H, s u g g e s t s  t h a t  some plutonieun 

How- 
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polymer may form; b u t  i t  should  remain w i t h  t h e  aqueous p o r t i o n  and 

proceed i n t o  t h e  plutonium product .  Therefore ,  polymer format ion  i n  t h e  

plutonium s t r i p p i n g  s t a g e s  should  not be a problem, p rov id ing  t h a t  t h e  

plutonium product  i s  r ecyc led  t o  a h igh  a c i d  PRF d i s s o l v e r  r a t h e r  t han  t o  

t h e  e x t r a c t i o n  feed.  

d i g e s t i o n  w i t h  h i g h ,  >3 M I a c i d  and h i g h  tempera ture ,  >80°C. 

The depolymerizat ion of aged polymer w i l l  r e q u i r e  

5.4 WHAT I S  THE BEST SOLVENT TREATMENT PROCEDURE CURRENTLY AVAILABLE FOR 
TRUEX? 

Sodium ca rbona te  scrubbing  is  t h e  b e s t  demonstrated technology. A t  

a p rocess ing  ra te  of 400 L/h (9600 L/d) of PFP waste, t h e  s o l v e n t  wash 

waste w i l l  be gene ra t ed  a t  a rate of about  1500 kg/year.  

necessa ry  t o  r educe  t h e  amount of t h i s  waste, an  a l t e r n a t e  method of 

scrubbing  w i t h  hydroxylamine o r  t h e  hydraz ine  salts  (carbonates  or oxa- 

l a t e s )  could  be used. 

be decomposed i n t o  t h e  component gases  by e l e c t r o l y s i s  o r  w i th  NOx 

spa rg ing ,  b u t  some development e f f o r t s  would be r e q u i r e d  b e f o r e  i n s t i t u t -  

ing an  a l t e r n a t e  method. 

If i t  becomes 

The hydraz ine  o r  hydroxylamine sal ts  probably can 

6. S W Y  

Rockwell Hanford Opera t ions  (RHO) p l a n s  t o  i n s t a l l  t h e  TRUEX p rocess  

i n  t h e i r  PFP f a c i l i t y  t o  minimize TRU wastes from t h e  PFP and tlo recover  

plutonium. The OKNL s t a f f  reviewed and as ses sed  the TRUEX p rocess  flow- 

s h e e t  f o r  PFP waste t r ea tmen t .  

T h i s  ORNL e f f o r t  inc luded  c o n s i d e r a t i o n  of t h e  PRF p rocess ,  t h e  PFP 

wastes, and t h e  TRUEX process  flowsheet and chemistry.  The r e s u l t s  i n c l u d e  

sugges t ions  t h a t  (1) minor changes i n  t h e  PRF o p e r a t i o n  could reduce  t h e  

amounts of  PFP TRU wastes, (2) t h e  PFP wastes may be b e t t e r  managed if 

t h e  s i x  waste streams are n o t  combined, and ( 3 )  t h e  TRUEX process  flow- 

s h e e t  and i t s  r e l a t e d  chemis t ry  r e p r e s e n t  sound technology. 
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