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FOREWORD 

This  i s  t h e  f i r s t  i n  a series of progress  r e p o r t s  t o  be i ssued  on 

t h e  Act in ide  P a r t i t i o n i n g  and Transmutation Program, which is a m u l t i s i t e  

e f f o r t  coord ina ted  a t  t h e  Oak Ridge Nat iona l  Laboratory.  1 t s  o v e r a l l  

o b j e c t i v e  i s  t o  eva lua te  t h e  f e a s i b i l i t y  and i n c e n t i v e s  f o r  p a r t i t i o n i n g  

( sepa ra t ing )  t h e  long-l ived b i o l o g i c a l l y  s i g n i f i c a n t  i so topes  from f u e l  

c y c l e  wastes and transmuting (burning)  them t o  sho r t e r - l i ved  o r  s t a b l e  

i so topes  i n  power r e a c t o r s .  

During E'Y I977 and 1978, t h e  p r i n c i p a l  emphasis of t h e  program w i l l  

be  on t h e  experimental  eva lua t ion  of p a r t i t i o n i n g  a c t i n i d e s ,  followed by 

t h e i r  recovery i n  forms s u i t a b l e  f o r  f a b r i c a t i o n  i n t o  t ransmuta t ion  tar-  

g e t s .  

e f f e c t s  on r e a c t o r  and f u e l  cyc le  ope ra t ions  of r ecyc l ing  t h e  p a r t i t i o n e d  

a c t i n i d e s  and t o  f u r t h e r  v e r i f y  t h e  f e a s i b i l i t y  of t ransmuta t ion  i t s e l f .  

I n  FY 1979 the  major e f f o r t  w i l l  be  d i r e c t e d  toward a d e t a i l e d  assessment 

of t h e  c o s t s ,  r i s k s ,  and b e n e f i t s  a s soc ia t ed  wi th  t h i s  concept.  The 

program is  expected t o  produce: (1) real is t ic  reprocess ing  and re fab-  

r i c a t i o n  f l awshee t s  which have been a t  least p a r t l y  v e r i f i e d  by exper- 

imenta l  work, 

t i c a t e d  r e a c t o r  physics  c a l c u l a t i o n s ,  ( 3 )  an eva lua t ion  of p a r t i t i o n i n g  

and t ransmuta t ion  impacts on all phases of t h e  nuc lea r  f u e l  cyc le ,  ( 4 )  

a meaningful r i sk-cos t -benef i t  a n a l y s i s ,  and (5) a program p lan  f o r  f u t u r e  

development and demonstrat ion requirements  f o r  eventua l  implementation i n  

De ta i l ed  computer ana lyses  w i l l  be undertaken t o  determine t h e  

( 2 )  several r ea l i s t i c  t ransmuta t ion  schemes based on sophis- 
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commercial opera t ions .  This  a n a l y s i s  should c o n s t i t u t e  a reasonably 

f i r m  t e c h n i c a l  b a s i s  f o r  determining whether par t i t ion ing- t ransmuta t ion  

r e p r e s e n t s  a viable  waste management a l t e r n a t i v e  f o r  managing long-lived 

waste nucl ides  t h a t  are  generated by a nuc lear  power economy. 

The program c o n s i s t s  of 1 6  major kasks. This  r e p o r t  siimmarizes 

the work done on each of t h e s e  during the i n i t i a l  six-month per iod .  
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SUMMARY 

Experimental  work on t h e  16  t a s k s  comprising the  Ac t in ide  P a r t i t i o n i n g  

and Transmutation Program w a s  i n i t i a t e d  at t h e  va r ious  s i tes .  This  work 

included t h e  development of conceptual  material  ba lance  f lowshee ts  which 

d e f i n e  i n t e g r a t e d  waste systems suppor t ing  an  LWR f u e l  reprocess ing  p l a n t  

and a mixed (U-Pu) oxide  f u e l  r e f a b r i c a t i o n  p l a n t .  I n  a d d i t i o n ,  w a s t e  

subsystems w e r e  def ined  f o r  experimental  eva lua t ion .  

of p a r t i t i o n i n g -  t ransmuta t ion ,  u t i  Zizing an LMFBR f o r  t ransmutat ion,  was 

completed f o r  bo th  cons t an t  and v a r i a b l e  waste a c t i n i d e  genera t ion  rates.  

Computer a n a l y s i s  





1. PUREX PROCESS MODIFICATIONS 

. W. D. Bond, F. A. Kappelmann, S .  Katz, and F. M. S c h e i t l i n  (Oak Ridge 

Nat iona l  Laboratory) 

This task focuses on modifications to the &rex process 
which should resu Z t  i n  highar recoveries of  tranium, 
neptunium, and plutonium. Modifications t o  the prmess 
operations are eonsideped, as ziie'll as alternatives i n  
cZea.mp systems whieh ioesult i n  smcx2Z.er. m s t e  volumes 
and actinide Zosses. 

The Purex process  employs t r i b u t y l  phosphate (TBP), u s u a l l y  a t  a 

concent ra t ion  of 30 v o l  %, i n  a hydrocarbon d i l u e n t  (n-dodecane) t o  

e x t r a c t  uranium and plutonium from f u e l  d i s s o l v e r  s o l u t i o n s .  The degree 

of recovery i s  d i c t a t e d  both  by t h e  e x t e n t  of e x t r a c t a b i l i t y  of t h e s e  

a c t i n i d e s  from an aqueous s o l u t i o n  s a l t e d  by n i t r i c  ac id  and by t h e  

e f f e c t i v e n e s s  of s t r i p p i n g  the  a c t i n i d e s  from t h e  e x t r a c t a n t .  Nominally, 

each of t h e  e x t r a c t a b l e  a c t i n i d e s  undergoes a t  l eas t  two cyc le s  ( e x t r a c t i o n  

and s t r i p p i n g )  of so lvent  e x t r a c t i o n  t o  achieve  the  necessary decontamina- 

t i o n  from f i s s i o n  products  and s e p a r a t i o n  from each o the r .  Any a c t i n i d e s  

no t  e x t r a c t e d  f rom t h e  s o l u t i o n  of d i sso lved  f u e l  remain wi th  t h e  high- 

level aqueous waste, whereas any a c t i n i d e s  n o t  s t r i p p e d  from t h e  organic  

phase r e p o r t  t o  t h e  wastes r e s u l t i n g  from t h e  r egene ra t ion  and r e c y c l e  

of t h e  e x t r a c t a n t .  I n  e x i s t i n g  Purex p l a n t s ,  the  e x t r a c t a n t  is  p u r i f i e d  

f o r  r e c y c l e  by scrubbing i t  wi th  an aqueous sodium carbonate  s o l u t i o n ,  

which removes most of t h e  p r i n c i p a l  so lven t  degrada t ion  products  as w e l l  

as t h e  a c t i n i d e s  and f i s s i o n  products .  Thus, t h e  sodium carbonate  s o h -  

t i o n  becomes a t r a n s u r a n i c  w a s t e  stream, requ i r ing  f u r t h e r  t reatment  i n  

waste management. The a c t i n i d e  va lues  remaining i n  n5.trf.c ac id  streams 
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from t h e  second and t h i r d  Purex cyc le s  ( p u r i f i c a t i o n  cyc le s )  appear t o  

be  amenable t o  r e c y c l e  i f  app ropr l a t e  ox ida t ion  and reduct ion  methods 

are used t o  s epa ra t e  t h e  a c t i n i d e s  from each. o t h e r .  

Laboratory work c a r r i e d  out dur ing  t h i s  r e p o r t  per iod inc ludes  t h e  

fol lowing s t u d i e s  : 

(1) Ext rac t ion  and s t r i p p i n g  of uranium using s imulated,  monradio- 

a c t i v e  f u e l  d i s s o l v e r  and high-level  w a s t e  s o l u t i o n s  as feeds .  

(2)  Removal o f  a c t i n i d e s  from simulated sodium carbonate  so lven t  

cleanup w a s t e ,  

1.1 Extrac t ion  and St r ipp ing  of Uranium and Plutonium 

Experiments are being c a r r i e d  o u t  on t h e  Purex process  relative t o  

t h e  countercur ren t  e x t r a c t i o n  and s t r i p p i n g  of a c t i n i d e s  us ing  both 

continuous mixe r - se t t l e r s  and ba tch  equipment. The purpose of t h e s e  

experiments is  t o  determine t h e  e f f e c t s  on a c t i n i d e  losses by e i t h e r  

inc luding  a d d i t i o n a l  s t a g e s  of e x t r a c t i o n  and s t r i p p i n g  o r  us ing  an 

a d d i t i o n a l  P u r a  cyc le  t o  remove a c t i n i d e s  from t h e  'high-level waste 

stream. The e f f e c t s  of t h e  increased  e x t r a c t i o n  of t h e  zirconium and 

ruthenium f i s s i o n  products are a l s o  being eva lua ted ,  It i s  n o t  known 

whether t h e  increased  r a d i a t i o n  damage caused by t h e  a d d i t i o n a l  e x t r a c t i o n  

s t a g e s  (or  cyc les )  w i l l  r e s u l t  i.n i n t e r f a c i a l  p r e c i p i t a t e s  and cruds.  

Zirconium compounds formed wi th  degrada t ion  products  are repor ted  to b e  

of l i m i t e d  s o l u b i l i t y  both i n  t h e  organic  and aqueous phases and have 

been observed to  impair o p e r a b i l i t y  when high-burnup fuels are processed. 
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1.1.1 Stud ies  using - m i x e r - s e t t l e r s  

Four experimental  runs  have been made us ing  cont inuous,  counter- 

c u r r e n t  m,ixer-set t ler  equipment. Resu l t s  ob ta ined  from two of t h e  runs  

which involved e x t r a c t i o n  and s t r i p p i n g  of uranium showed t h a t  >99.9% of 

t h e  uranium w a s  recovered. The uranium l o s s e s  t o  t h e  aqueous r a f f i n a t e  

us ing  8 e x t r a c t i o n  s t a g e s  and 8 scrubbing s t a g e s  w a s  < O . O l % ,  whereas 

l o s s e s  t o  t h e  s t r i p p e d  organic  w a s  about 0.02% us ing  16  s t r i p p i n g  s t ages .  

Two runs  w e r e  a l s o  made t o  estimate t h e  ex ten t  of zirconium e x t r a c t i o n  

i n  a second c y c l e  of Purex f o r  removing a c t i n i d e s  from high- leve l  waste. 

Ana ly t i ca l  r e s u l t s  from t h e  zirconium experiments a r e  not  y e t  a v a i l a b l e .  

Equipment. The equipment used i n  t h i s  s tudy  ( see  F i g ,  1.1) c o n s i s t s  

of t w o  mixe r - se t t l e r  banks: one bank f o r  ex t rac t ion-scrubbing ,  and t h e  

o t h e r  f o r  s t r i p p i n g .  Each bank i s  comprised of 16  s t ages .  A close-up 

photograph of some of t h e  s t a g e s  of t h e  ex t rac t ion-scrubbing  bank is  

shown i n  Fig.  1 . 2 .  

-- Resul t s .  Work performed t o  d a t e  has been c a r r i e d  out: us ing  s imulated 

feed  s o l u t i o n s  ( i . e . ,  us ing  nonradioac t ive  i s o t o p e s  of t h e  f i s s i o n  prod- 

u c t s  i n  concen t r a t ions  corresponding t o  PWR-U f u e l  i r r a d i a t e d  t o  33,000 

MWD/tonne*). 

from n i t r i c  a c i d  s o l u t i o n  a lone  (Run R-1) and from a n i t r i c  ac id  s o l u t i o n  

conta in ing  co ld  f i s s i o n  products  (Run R-2). Tn t h e  extract ion-scrubbing 

I n  our  f i r s t  two r u n s ,  w e  determined t h e  recovery of uranium 

bank, 8 s t a g e s  of e x t r a c t i o n  and 8 s t a g e s  of scrubbing were employed 

using 30% TBP--dodecane. The feed  s o l u t i o n  i n  each case was 1.3  i n  

*In t h i s  r e p o r t ,  "tonne" i s  used t o  mean m e t r i c  ton.  





5 

M
 

c 
*rl 
P

 
P

 
3
 

M a [o
 

a
 c ld 

c 0 
.rl 
c1 
c) 
ld 
M 
Y

 
x a, 



6 

uranium and 2.5 M - i n  HN03, and t h e  concen t r a t ion  of n i t r i c  a c i d  used f o r  

scrubbing w a s  3.0 E. The f low rates f o r  t h e  f eed ,  scrub,  and e x t r a c t a n t  

s o l u t i o n s  w e r e  0.5, 0.2, and 1.75 l i t e r s / h r  r e s p e c t i v e l y .  The e x i t i n g  

e x t r a c t a n t  stream w a s  f ed  t o  t h e  s t r i p p i n g  bank and contac ted  wi th  0.3 

M - HNO3 s o l u t i o n  flowing a t  4.0 l i t e r s / h r .  

ou t  over a 16-,hr per iod  t o  permit  a t ta inment  of s t eady  state. A t  t h e  

end of t h e  run, equ i l ib r ium d i s t r i b u t i o n  measurements were made i n  order  

t o  determine t h e  e f f i c i e n c y  of t h e  m i x e r - s e t t l e r  banks. 

s o l u t i o n  w a s  introduced a t  two p o i n t s  i n  order  t o  avoid phase disengage- 

ment d i f f i c u l t i e s  w i th  t h e  s t r i p p i n g  bank. It w a s  metered t o  s t a g e  1 a t  

0.5 l i t e r / h r  and t o  s t a g e  5 a t  3.5 l i t e r s j h r .  The uranium-laden so lven t  

from t h e  extract ion-scrubbing bank, flowing a t  1.75 l i t e r s / h r ,  en te red  

s t a g e  1 6  of t h e  s t r i p p i n g  bank. 

which w a s  caused by inadequate  pumps, has  been reso lved  by t h e  i n s t a l l a -  

t i o n  of new pumps. This  should eliminate t h e  need t o  d i v i d e  t h e  aqueous 

s t r i p p i n g  s o l u t i o n  i n  f u t u r e  experiments. 

The experiments were c a r r i e d  

The s t r i p p i n g  

The d i f f i c u l t y  w i t h  phase disengagement, 

Material ba lance  d a t a  on uranium f o r  t h e  two runs  are shown i n  Table  

1.1. 

uranium l o s s e s  t o  t h e  aqueous r a f f i n a t e  and t h e  s t r i p p e d  organic .  Most 

of t h e  l o s s  is  due t o  incomplete s t r i p p i n g  of t h e  o rgan ic  phase. I n  a 

convent ional  P u r a  p l a n t ,  t h e  uns t r ipped  uranium would r e p o r t  to t h e  

so lven t  r e c y c l e  waste. 

The uranium con ten t  of t h e  aqueous product w a s  computed from t h e  
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Table  1.1. Material balance of uranium i n  t h e  mixer-settler tests 

Run 
number 

Uranium content  (X) 
Aqueous r a f f i n a t e  S t r ipped  organic  Aqueous product 

R- 1 0.0002 0 006 99.99 

R- 2 co.01 0.02 >99.97 

Measurements of t h e  equi l ibr ium 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  each 

s t a g e  of t h e  extract ion-scrubbing and s t r i p p i n g  banks ind ica t ed  t h a t  t h e  

s t a g e  e f f i c i e n c y  f o r  each bank w a s  about  70%. 

gene ra l  agreement wi th  c a l c u l a t i o n s  made by us ing  t h e  SEPHIS computer 

code, 

These measurements w e r e  i n  

1 

1.1 .2  Batch coun te rcu r ren t  e x t r a c t i o n  s t u d i e s  

Ex t rac t ion  experiments are being c a r r i e d  o u t  t o  gene ra t e  equi l ibr ium 

d i s t r i b u t i o n  c o e f f i c i e n t  d a t a  f o r  t h e  e x t r a c t i o n  of uranium, plutonium, 

and key f i s s i o n  products  i n t o  TBP. The d a t a  from t h e s e  experiments w i l l  

i n c r e a s e  our  confidence i n  c a l c u l a t i o n s  made us ing  t h e  SEPHIS code. The 

work performed t o  d a t e  h a s  cons i s t ed  of experimental  s t u d i e s  on the  

e x t r a c t i o n  of uranium, zirconium, ruthenium, and molybdenum from both 

HNO3 and s imulated LWR f u e l  d i s s o l v e r  s o l u t i o n s .  I n s t a l l a t i o n  of equip- 

ment i n  a g love  box for plutonium e x t r a c t i o n  s t u d i e s  i s  n e a r l y  complete. 

Four e x t r a c t i o n  s t a g e s  and t h r e e  scrubbing s t ages  w e r e  employed i n  

countercur ren t  e x t r a c t i o n  experiments;  seven s t r i p p i n g  s t a g e s  w e r e  used 

i n  s t r i p p i n g  experiments.  F i v e  e x t r a c t i o n  experiments and two s t r i p p i n g  

experiments have been c a r r i e d  ou t  t o  determine t h e  d i s t r i b u t i o n  of uranium 

and HNO3 between t h e  aqueous and o rgan ic  phases.  The experimental  r e s u l t s  
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obtained do no t  ag ree  wi th  SEPHIS c a l c u l a t i o n s ,  and the discrepancy has  

been t raced  t o  f a u l t y  a n a l y s i s  of H N 0 3 .  The results shorn fur one of t h e  

s t r i p p i n g  experiments (Table 1 . 2 )  are typical.  o f  those obtained thus f a r .  

Work on obta in ing  r e l i a b l e  ana lyses  of HMO3 i s  c u r r e n t l y  i n  progress .  

Several experiments have been conducted t o  determine t h e  d i s t r i b u t i o n  

of zirconium, ruthenium, and molybdenum in t h e  e x t r a c t i o n  and scrubbing 

s t ages .  

d e t e c t  t h e  elemental  d i s t r i b u t i o n ;  however, t h i s  approach was unsuccessful  

because of t h e  low concent ra t ions  of t h e  elements i n  t h e  organic  phase, 

p a r t i c u l a r l y  i n  the  scrubbing stages. 

I n  t h e  e a r l y  runs  w e  used spark-source mass spectroscopy t o  

Radioact ive tracers a r t  c u r r e n t l y  b e i n g  used t o  determine L-he d i s t r i -  

bu t ion  of t h e  f i s s i o n  products .  Two zirconium extrac.tLan runs  have been 

iiiade i n  which f i s s i o n  produc.ts w e r e  p resent  i n  concent ra t ions  expected i n  

the h igh -ac t iv i ty  so lvent  e x t r a c t i o n  feed.  Resu l t s  are shown i n  Table 

1.3. The e x t r a c t i o n  behavior  gene ra l ly  agreed wi th  t h a t  expected from 

l i t e r a t u r e  da t a .  

1 . 1 . 3  Removal of a c t i n i d e s  from s o d i m  carbonate-?LTubber s o l u t i o n s  

I n i t i a l  tests of a method based on n i t r i c  a c i d  t reatment  of s imulated 

so lvent  cleanup waste  showed promise for removing plutonium f r o m  these  

wastes by anion exchange o r  by TBP e x t r a c t i o n .  

cons i s t ed  of adding excess  HNO 3 t o  the s imulated N a 2 C O  3 waste s o l u t i o n  

and r e f lux ing  the s o l u t i o n  t o  promote dea lky la t ion  and hgrdKOlySiS of 

nionobutyl (MBP) and d i b u t y l  phosphoric (DBP) a c i d .  These tests w e r e  con- 

ducted wi th  tracer-level plutonium i n  a 0.2 

a mixture  of MKP and DBP (55%-45%) had been added t o  make t h e i r  combined 

The n i t r i c  a c i d  t reatment  

Na2CO3 s o l u t i o n  t o  which 
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concent ra t ions  0.07 E. After  Clne n i t r i c  a c t d  t rea tment ,  about 95% of 

t h e  plutonium could be  absorbed on an  anion exchange bed from 8 M B N O 3 .  

Reflux tests showed t h a t  1 4  M _... H N 0 3  w a s  more e f f i c i e n t  i n  des t roying  t h e  

MRF and DBP than were 2 ,  8, and 11 M I HNOJ;  wi.th t h i s  t rea tment ,  about 

90% of t h e  NBP and DBP re re  converted t o  f r e e  phosphate i o n  a f t e r  1 2  h r .  

The organic compounds formed by ox ida t ion  of t h e  b u t y l  groups have no t  

been i d e n t i f i e d .  

Table  1,3. Countercurrent  e x t r a c t i o n  oE zirconium € r a m  simulated 
f i s s i o n  products  

Aqueous feed: 

Organic: 36% TBP; volume en te r ing  s t a g e  1 = 30 dL 
Scrub: 

Simulated f i s s i o n  products  i n  2 M __I I-zNO3; 
volume en te r ing  s t a g e  4 = 15 mL 

2 M - HN03; volume en%er ing  s t a g e  7 = 15 ml 

Stage 
nunib er 

Is is tr -_I__. i b u t  ion  c o d  -- f ici.ent (O/A) .._l.l.l.-.-.._ 

2-min contac t  10-min con tac t  

0.030 

0.040 

0 e 040 

0 035 

0.083 

0.073 

0,14 

0.039 

0.046 

0.045 

0.034 

0.076 

0.054 

0.093 

1 . 2  Reference f o r  Sec t ion  1 

1. S .  B. Watson and R. H. Rainey, Modif ica t ions  of t h e  SEPHIS Code f o r  

C a1 cu la  t ing  Lhs-xur ex So Iven t E x  t r ac t i o n  S y s tern, O m  / TM- 5 1 2 3 

(December 1375). 
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2. ACTINIDE RECOVERY FROM SOLIDS 

E.  L.  L e w i s  and D .  F .  Luthy (Mound Laboratory) 

The objectiae of t h i s  task i s  .tu measwe the abii!i$y 
to  decontaminate solids using reagents uhich are mi- 
patible with the reprocessing and refabrication flow- 
sheets. 
decontaminate HEPA f i l t e r s .  

The i n i t i a l  studies focus on the a b i l i t y  t o  

2 . 1  Experimental Work 

Effoi:ts during t h i s  r e p o r t  per iod  w e r e  d i r e c t e d  toward determining 

t h e  d i s s o l u t i o n  parameters of plutonium i n  n i t r i c  a c i d .  The parameters 

determined inc lude  the optimum a c i d  concent ra t ion  and t h e  optimum dis- 

s o l u t i o n  temperature.  

Contaminated HEPA f i l t e r  media were prepared by mixing Pu02* powder 

wi th  shredded f i l t e r  media. 

(11 mg) of 2 3 e P ~  p e r  cubic  cent imeter  of prepared media. 

The r e s u l t i n g  mixture  contained W.2 Ci 

Small samples 

of t h i s  mixture  (%3.0 g )  w e r e  pu t  i n t o  beakers  conta in ing  250 ml of HN03 

of t h e  des i r ed  concent ra t ion .  The beakers  and conten ts  were then heated 

to t h e  des i r ed  temperatures.  Samples were taken every 4 t o  8 h r  and the 

*Pu concent ra t ion  of t h e  a c i d  s o l u t i o n  determined. The beaker con ten t s  

w e r e  s t i r r e d  every hour,  wi th  one except ion i n  which cons tan t  magnetic 

s t i r r i n g  was used. The s o l u t i o n  volume and concen t r a t ion  w e r e  ad jus ted  

when necessary  by adding n i t r i c  a c i d  t o  t h e  beaker t o  r e p l a c e  evaporated 

ac id .  

*This powder, which has an  average p a r t i c l e  s l z e  of %20 p, is a m i x t u r e  
of plutonium oxides  (80% 238Pu, 16% 239Pu, 2.5% 240Pu, 0.8% 241Pu, 0.2% 
242Pu) p lus  very small amounts of o t h e r  a c t i n i d e s .  
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Table 2 . 1  shows r e s u l t s  from d i s s o l u t i o n  tes ts  us ing  n i t r i c  ac id  of 

var ious  coi icentrat ions ( 6 ,  8, 10,  1 2 ,  and 15.7 - M) . It should be  noted 

t h a t  t h e  optimum ac id  conc.entratioiz was 8 M y  I and t h e  optimum temperature 

a t  t h i s  concent ra t ion  was Q12OoC ( b o i l i n g ) .  The maximum amount of PuQz 

d isso lved  w a s  9.03% a f t e r  18.5 h r  of hea t ing  ( s e e  a c i d  test No. 6 - 3 ) .  

The d a t a  i n  F ig .  2.1. show how t h e  d i s s o l u t i o n  rates vary  wi th  temp- 

era ' iure .  This p l o t ,  which i s  f o r  6 - M B N 0 3 ,  i s  gene ra l ly  s i m i l a r  to t h e  

pJ.ots f o r  8 ,  1 0 ,  1 2 ,  and l 5 . 7  - M wi th  one except ion.  Tha t  i s ,  t h e  maximum 

d i s s o l u t i o n  ra te  f o r  10 - M AN03 w a s  no t  at: t h e  b o i l i n g  temperature ,  b u t  a t  

95"C, 

t h i s  phenomenon. 

Therefore ,  t h e  tes ts  wi th  10 ..._ M HNQ3 w i l l  be re run  t o  i n v e s t i g a t e  

The d a t a  i n  Fig.  2 .2  i l l u s t r a t e  t h e  e f f e c t  of s t i r r i n g  on t h e  d i s -  

s o l u t i o n  rates. A s  can be seen ,  t he  d i s s o l u t i o n  rates are e s s e n t i a l l y  

i d e n t i c a l ;  the s m a l l  d i f f e r e n c e  could b e  due t o  experimental  e r r o r .  One 

explana t ion  f o r  t h e  i d e n t i c a l  rates i s  t h a t  both s o l u t i o n s  are a c t u a l l y  

undergoing cons tan t  mixing, one of them due t o  convection c u r r e n t s  caused by 

constant: external hea t ing  and the o t h e r  as a result of mechanical s t i r r i n g .  

The e f f e c t  of d i s s o l u t i o n  of a sbes tos  and f i b e r g l a s s  i n  the f i l t e r  

media i s  not  p re sen t ly  known. Isotherms w i l l  be  run t o  determl.tie t h e  

effec-t ,  i f  any, t h e  media has  on the s o l u b i l i t y  and d i s s o l u t i o n  rates of 

t h e  PuOz. 

2 . 2  Conclusions 

Di s so lu t ion  tests w e r e  conductcd w i t h  6 ,  8 ,  10, 12, and 15.7 N H N 0 j  

on f i l  ter media contaminated with P u O 2 .  The optittiurn ac id  concent ra t ion  

and t e m p e r a t u r e  were 8 g and b o i l i n g  (Q12O"C) r e spec t ive ly .  The amount 

of PuOz d isso lved  a f t e r  18.5 h r  was, however, only 9.0 wt %. This  work 

s u b s t a n t i a t e s  d a t a  c o l l e c t e d  i n  recovery ope ra t ions  a t  Mound Laboratory,  
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Table 2.1. Pu02 d isso lu t ion  tests with shredded HEPA f i l t e r  media 

_II_- 

a Ac Id Acid PU02 
Acid test  conc. temperature T i m e  dissolved dissolved 

number (E) (OC) (hr)  b!3> (wt X )  
-I_-. 

1- 1 
1- 2 
1- 3 
2-1 
2-2 
2-3 
3-1 
3-2 
3-4 
4-1 
4- 2 
4-3 
5-1 
5- 3 
5-4 
6-1 
6- 2 
6-3 
7 - 1  
7-2 
7-3 
8-1 
8-2 
8-3 
9-1 
9-2 
9-3 

10-1 
10-2 
10-3 
11-1 
11-2 
11-3 
13-1 
13-2 
13-3,, 
14-% 
14-2 
14-3 
15-1 
15-2 
15-3 
16-1 
16-2 
16-3 
1 7 - 1  
17-2 
17-3 

b 

6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
8 
8 
8 
8 
8 
8 
8 
8 
10 
10 
10 
1 0  
10 
10 
10 
10 
10 
12 
1 2  
12  
12  
1 2  
12 
12 
12 
12 
1 0  
10 
10 
15.7  
15.7 
15.7 
15 .7  
15.7 
15.7 
15.7 
15.7 
15.7 

80 
80 
80 
90 
90 
90 

Boiling 
Boiling 
Boiling 

85 
85 
85 
95 
95 
95 

Boiling 
Boiling 
Boiling 

85 
85 
85 
95 
95  
95 

Boiling 
Boiling 
Boiling 

85 
85 
85 
95 
95 
95 

Boiling 
Boiling 
Boiling 

95 
95 
95 
85 
85 
85 
95 
95 
95 

Boiling 
Boiling 
Boiling 

4 
8 

13.5 
4 
8 

13.5 
2.5 
5.5 

10 .5  
4 
8 

1 3  
4 
8 

1 3  
6 

12.5 
1.8.5 

6.5 
11.5 
16.25 

6.5 
11.5 
16.25 

6.5 
11.5 
16.25 

6.5 
11.5 
1 6 . 2 5  

6.5 
11.5 
16.25 

4.5 
11.25 
18 

4.5 
9.25 

16.25 
5 

1 3  
16.5 

5.5 
1 3  
16.5 

6.25 
3 

16.75 

1.40 
1.89 
2.73 
1.62 
2.22 
3.28 
2 .oo 
2.82 
3.80 
2.40 
2.75 
5.50 
2.75 
3.50 
6.12 
5.40 
5.80 

1 3  .OO 
2.75 
4.00 
4.14 
4.50 
5.85 
6.90 
3.75 
4.73 
6.35 
2.80 
4.00 
5.13 
4 .OO 
5.40 
5.63 
5.64 
8.80 
8.48 
3.70 
4.90 
5 -95 
4.41 
4.94 
4.83 
4.41 
3.83 
5.52 
6.67 
6,60 
6.67 

0,88 
1.18 
1 . 7 1  
1.07 
1.47  
2.17 
1 . 3 1  
1.84 
2.48 
1 .62  
1 .86  
3.72 
1 .86  
2.36 
4.14 
3.75 
4.03 
9.03 
1.88 
2.73 
2.82 
3.20 
4.15 
4.90 
2.39 
3.01 
4.04 
1.68 
2 -40  
3 , 0 8  
2.39 
3.22 
3.36 
3.78 
5.90 
5.68 
2.68 
3.55 
4 - 3 1  
3.35 
3.76 
3.68 
3.14 
2.72 
3.93 
4.70 
4 - 6 5  
4.70 

aExpressed as plutonium metal, 

bBealcer contents  w e r e  s t i r r e d  continuously by magnetic s t i r r i n g  bar .  
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Fig.  2-1. Comparison of the dissolution rates of PuOz in 6 1 M HN03 
at selected temperatures. 
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Fig. 2.2. Comparison of effect of stirring on dissolution rate 
of ~ u 0 2  in 10 M HNO~ at 95 '~ .  
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i n d i c a t i n g  t h a t  n i t r i c  a c i d  a lone  i s  n o t  an e f f e c t i v e  leachant .  However, 

such d a t a  provide b a s i c  information on t h e  e f f e c t s  of t h e  f i l t e r  media on 

t h e  equi l ibr ium r e a c t i o n ,  showing t h a t  s t i r r i n g  of t h e  l each  s o l u t i o n s  

has  no e f f e c t  on the  d i s s o l u t i o n  ra te .  During t h e  next  q u a r t e r ,  o the r  

l eachan t s  w i l l  be  inves t iga t ed .  These w i l l  i nc lude  HNQ3 w i th  a d i l u t e  

concent ra t ion  of HF; HN03  i n  combination wi th  small  percentages of M z S O k ;  

IW03 wi th  ceric salts'; and combinations of HN03, HF, and H 2 S 0 4 .  

the use  of e l e c t r o l y t i c  ox ida t ion3  t o  d i s s o l v e  plutonium i n  WNO3-BF solu-  

t i o n s ,  as well as u l t r a s o n i c  a g i t a t i o n  of l each  reagents ,  

t i g a t e d  t o  determine whether such approaches have m e r i t  f o r  t h i s  a p p l i c a t i o n .  

2 A l s o ,  

4 might be  inves- 

2.3 References f o r  Sec t ion  2 

1. G. L. S i l v e r ,  D i s so lu t ion  Processes ,  KLM-2342, p.  3 (October 1475). 

2. C .  H. H. Chong, T. W. Crockett, and J. W. Doty, % J r + ,  J. Tnorg. Nucl. Clnem. 

- 3 1 ,  81 (1969). 

3.  G .  L .  S i l v e r ,  Disso lu t ion  Processes ,  MLM-2372, p .  7 (October 1976). 

4. Plutonium Processing a t  t h e  lLos-&&-?mos S c i e n t i f i c  Laborataxx, LA-3542 

(Apr i l  1969) .  
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3 .  AMERICIUM-CURILJM RECOVERY WITH OPIX, TALSPEAK, AND CEC 

W. D.  Bond and C .  W. Forsberg (Oak Ridge Nat iona l  Laboratory) 

This work uxmines the use of oxalate precipitation. and 
cation exchange (OPIX process) to  remove the lantlxxnides 
and transphtoniwn actinides from the high- level liquid 
waste produced bg the &rex solvent extraction process. 
TALSPUK solvent extraction and cation excharye chmm- 
atogpaphy (CEC) are studied as methods of sepapating the 
lanthanides und t r iva len t  actinides.  

The p r i n c i p a l  a c t i v i t i e s  during t h i s  r e p o r t  per iod  were t h e  des ign  

of a. l abo ra to ry - sca l e  experiment and i n i t i a t i o n  of t h e  procurement of t h e  

necessary  equipment t o  eva lua te  t h e  f e a s i b i l i t y  of ca r ry ing  o u t  t h e  O P I X  

process  cont inuously.  The main purpose of t h e  experiment i s  t o  determine 

whether continuous s e t t l i n g  and decan ta t ion  i s  a v i a b l e  approach i n  co l -  

l e c t i n g  t h e  o x a l a t e  p r e c i p i t a t e .  Var iab les  t h a t  w i l l  be  s tud ied  include:  

(1) p r e c i p i t a t i o n  and c r y s t a l l i z a t i o n  ra te ,  (2) s e t t l i n g  t i m e  of t h e  crys-  

tals, (3) equi l ibr ium a c i d i t y  and o x a l i c  a c i d  concent ra t ion ,  and ( 4 )  temp- 

e r a t u r e .  The e f f e c t s  of t h e s e  v a r i a b l e s  w i l l  b e  c o r r e l a t e d  w i t h  t h e  rela- 

t i v e  r ecove r i e s  ob ta ined  i n  t h e  p r e c i p i t a t i o n  and ion  exchange s t e p s .  

I n i t i a l  s t u d i e s  w i l l  b e  l i m i t e d  t o  d e f i n i t i v e  i n v e s t i g a t i o n s  involv ing  

t h e  u s e  of a n i t r i c  a c i d  s o l u t i o n  of l an than ide  elements as t h e  feed solu-  

t i o n ,  

v a r i a b l e s  on t h e  decontamination f a c t o r s  achieved i n  t h e  o x a l a t e  precip-  

I n  subsequent experiments,  w e  e x p e c t  t o  determine t h e  e f f e c t s  of 

i t a t i o n  s t e p .  Previous s t u d i e s  us ing  ba tch  p r e c i p i t a t i o n s  have shown t h a t  

a few percent  of t h e  zirconium is  p r e c i p i t a t e d  along wi th  t h e  t r i v a l e n t  

a c t i n i d e s  and lan thanides .  Zirconium has an adverse effecc in the TaLspeak 

process .  
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4 .  AMERICIUM-CURIUM RECOVERY USING RIDENTATE EXTRACTANTS 

L. D. McIsaac (Al l ied  Chemical Corporation-Idaho Chemical Programs) 

The objective of t h i s  task i s  t o  study t-hc! usefulness 
o f  neutkal bideniatg e x t m c t m t s  in recouerincq the 
transplutonim actinides from the HLLW. One phase of 
t h i s  study involves the development of flowsheets which 
describe the ecctraction o f  the actinides and lanthanides, 
their decontamimtwn f ~ o m  other fission products, the 
stripping o f  the extractant, and -the cleanup of the 
used soZveni: foY~recycZe. 

The b i d e n t a t e  extractants proposed f o r  t h i s  s tudy are p resen t ly  

ob ta inab le  only i n  a crude form which is  n o t  s a t i s f a c t o r y  f o r  use. 

t h i s  t ine,  w e  are us ing  a "small" high-vacuum d i s t i l l a t i o n  system t o  

A t  

o b t a i n  %36% pure dihexyl-N,N-diethylcarbaniylmethylenephosphonate (DNDECMP) 

after two d i s t i l l a t i o n s .  This  i s  a very  s low process, and w e  w i l l  no t  b e  

a b l e  t o  come close t o  o3 ta in ing  t h e  u l t r a p u r e  DHDECMF needed u n t i l  a pre- 

p a r a t i v e  high-pressure l i q u i d  chromatograph system i s  i n s t a l l e d .  We w i l l ,  

however, be  a b l e  t o  use  t h i s  86% DHDEW f o r  pre l iminary  s t u d i e s .  

Radioact ive nuc l ides  to  be used for ext~action s t u d i e s  have been 

ordered.  Some are i n  our possession now, and a few w i l l  be  prepared 

l o c a l l y  when w e  have s u f f i c i e n t  amounts of e x t r a c t a n t  t o  begin.  We are 

i n v e s t i g a t i n g  methods f o r  s e l e c t i v e l y  s t r i p p i n g  a c t i n i d e s  from the e x t r a c t .  

a n t  and subsequent cleanup of t h e  so lven t  f o r  r ecyc l ing  purposes.  

4.1 Preparation of SynthetFc Waste Solu t ion  

i n i t i a l  s t u d i e s  w i l l  be conducted using s y n t h e t i c  waste s o l u t i o n  

prepared by mixing n i t r i c  a c i d  s o l u t i o n s  oE n i t r a t e  salts of nonradio- 

a c t i v e  i so topes  of f i s s i o n  product e l emen t s .  The q u a n t i t i e s  are based 



on those  t h a t  w e r e  ca l cu la t ed  by t h e  ORIGEN code f o r  t y p i c a l  PWR-U f u e l  

i r r a d i a t e d  t o  33,000 MWd/tonne. 

reprocess ing  a f t e r  a p o s t i r r a d i a t i o n  decay t i m e  of 160 days and s t o r a g e  

of wastes i n  l i q u i d  form f o r  f i v e  yea r s  a f t e r  reprocess ing .  

a c i d  concent ra t ion ,  and f iss ion-product  con ten t  va lues  correspond t o  

approximately those  expected, a f t e r  t h e  codecontamination s t e p ,  i n  t h e  

K A W  column (5569 l i ters ,  2.9 M - HNO3) be fo re  exhaus t ive  e x t r a c t i o n  wi th  

30% TBP. Th i s  s t e p  w a s  chosen because t h i s  i s  a p o s s i b l e  l o c a t i o n  f o r  

our  b i d e n t a t e  e x t r a c t i o n  process .  For our  e a r l y  experiments,  2 l i ters 

of s o l u t i o n  would be  s u f f i c i e n t ;  however, a s q l u t i o n  t h a t  w a s  prepared 

by d i s s o l v i n g  a11 t h e  water-solubles  and adding t h e  d isso lved  material 

t o  a s o l u t i o n  of t h e  2.9 M - HNO3-solubles p l u s  t h e  elements d i s so lved  i n  

concent ra ted  HN03 proved u n s a t i s f a c t o r y .  With time, a p r e c i p i t a t e  ap- 

peared. Th i s  p r e c i p i t a t e ,  which has been submitted f o r  a n a l y s i s ,  i s  

assumed to be  a zirconium-molybdenum complex; however, i t s  a c t u a l  com- 

p o s i t i o n  cannot be  r epor t ed  u n t i l  t h e  a n a l y t i c a l  results become a v a i l a b l e .  

W e  have found t h a t  ZrO(N03)2*4H20 w i l l  d i s s o l v e  i n  2.9 M - HNO3, b u t  does 

p r e c i p i t a t e  w i th  time. Tin  and antimony are not  s t a b l e  wi th  regard t o  

p r e c i p i t a t i o n .  We encountered cons ide rab le  d i f f i c u l t y  i n  t r y i n g  t o  d i s -  

s o l v e  d r y  Pd(N03)Z i n  water and i n  2.9 M - H N 0 3 ,  b u t  palladium sponge d i s -  

so lved  i n  concent ra ted  n i t r i c  a c i d  and remained i n  s o l u t i o n .  F i l t r a t i o n  

of t h e  w a s t e  s o l u t i o n  immediately after p repa ra t ion  showed t h a t  some 

palladium had p r e c i p i t a t e d .  

The f i ss ion-product  conten t  i s  based on 

The volume, 

W e  w i l l  cont inue  t o  i n v e s t i g a t e  o t h e r  methods of s o l u t i o n  p repa ra t ion  

which w i l l  g ive  a s t a b l e  product .  However, a t  p resen t ,  i t  appears  t h a t  

our  procedure w i l l  b e  t o  add s o l u t i o n s  of t h e  troublesome elements t o  
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a l i q u o t s  of the stable solution when needed f o r  daily experimnts. 

Table 4.1 shows the  concentrations of f i s s ion  product elements in 

the HLLW, and the starting compounds and methods of dissolution used to 

prepare the synthetic waste sol.ution. 
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Table 4.1. Prepara t ion  of s y n t h e t i c  high-level  waste s o l u t i o n  

Quantity Chemical 
E l  emen t ( g / l i t e r )  compound Remarks 

S r  

I n  

Cd 
cs 
S e  

B a  

T e  

Mo 

Sn 

Ai3 
Z r  

R r  

1 

AS 

Sb 

Pd 

Rh 

Rb 

Ru 

L a  

Y 

Nd 

P r  

C e  

Sm 

Gd 
Eu 

Fe 

C r  

H i  

0.163 

2.47 

0.017 

0.482 

9.89 10”~ 
0.332 

0.112 

0.680 

9.89 
0.012 

0.724 

0.003 

0.053 

1.855 x SO-’ 

2.47 x l f3  
0.282 

0.077 

0.066 

0.426 

0.254 

0.093 

0.816 

0.239 

0.492 

0.177 

0.024 

0.034 

0.140 

0.024 
9.28 x 

Dissolved i n  w a t e r  

Dissolved i n  2.9 M_ HNO3 

Dissolved i n  water 

Dissolved i n  2.9 5 HNO3 

Dissolved i n  9.75 M - HNO3 
Dissolved i n  water 
Dissolved i n  9.75 M - HNO3 
Dissolved i n  2.9 M_ HNO3 

Dissolved i n  2.9 M_ HN03 

Dissolved in water 
Dissolved i n  2.9 M_ HNO3 

Dissolved i n  water 
Dissolved i n  water 

Dissolved i n  water 
Dissolved i n  9.75 M_ HNO3 

Dissolved i n  cone. HNO3 

Dissolved i n  2.9 M_ HNO3 
Dissolved i n  2.9 M_HNO3 

Dissolved i n  2.9 M_ HNO3 

Dissolved i n  water 

Dissolved i n  2.9 M_ KNO3 

Dissolved i n  water 
Dissolved i n  2.9 ;Y HNO3 

Dissolved i n  2.9 - M HNO3 

Dissolved i n  2.9 M - HNO3 

Dissolved i n  2.9 HNOJ 

Dissolved i n  2.9 N_ H N O 3  

Dissolved i n  2.9 XIIN03 

Dissolved i n  2.9 HNO3 

Dissolved i n  2.9 ;Y HNO3 
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5. AHERICTUM-CURIUM RECOVERY USING INORGANIC I O N  F X C W G E  MEI>XA 

D .  R. T a l l a n t  (Sandia Labora tor ies )  

The objective of t-his s tudy *is t-o debermine the 
usefulness of certain inorganic ion achrxnge media 
f o r  separating the .ti.iva 2 mt actinides and lan h n i d e s  . 
hiring .the f i r s t -  year, f eas ib i l i t y  w i l l  be dstemiized, 
if successful, flowsheets w i % l  be developed during 
the second y e m .  

During the f i r s t  q u a r t e r  of FY 1977, t h e  r e sea rch  p lan  w a s  developed, 

q u a n t i t i e s  of candida te  ton exchange materials w e r e  prepared,  c a p i t a l  

equipment w a s  r equ i s i t i oned ,  and pre l iminary  s t u d i e s  of i on  exchange 

material p r o p e r t i e s  were c a r r i e d  ou t .  

A s  now envis ioned,  t h e  p r o j e c t  w i l l  proceed i n  three phases.  The 

i n i t i a l  phase w i l l  involve  ba tch  e q u i l i b r a t i o n  s t u d i e s  on t i t a n a t e ,  

n ioba te ,  and z i r cona te  ion exchange materials. The goa l  is  t o  survey a 

wide range of p o s s i b l e  ion  exchange materials ( t i t a n a t e s ,  n ioba te s ,  and 

z i r cona te s  wi th  d i f f e r e n t  b a r r i e r  i o n s )  f o r  d i f f e r e n c e s  i n  affinit ies f o r  

a c t i n i d e  and Lanthanide ions, and f o r  s t a b i l i t y  i n  f eed  s o l u t i o n s  o f  high  

nit~ic a c i d  conten t ,  The ba tch  e q u i l i b r a t i o n  approach a l lows  a maximurn 

number of s t u d i e s  t o  be  carried ou t  under c l o s e l y  con t ro l l ed  condi t ions  

wi thout  complicat ions from column flow and kinetric e f f e c t s .  Solrrtiozls 

conta in ing  s t a b l e  l an than ide  nuc l ides  w i l l  be  contacted wi th  an ion 

exchange material. Lanthanide ions remaining i n  s o l u t i o n  w i l l  be analyzed 

by o p t i c a l  emission spectroscopy us ing  an i nduc t ive ly  coupled plasma 

source,  a l lowing d i s t r i b u t i a n  c o e f f i c i e n t s  between the ion  exchanger and 

the s o l u t i o u  t o  be  c a l c u l a t e d ,  Analogous s t u d i e s  us ing  americium and 

curium, which may be  analyzed by r a d i o a c t i v e  measurements, w i l l  y i e ld  

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  these ions .  
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The most promising ion  exchange materials determined by t h e  e q u i l i -  

b ra t ion  s t u d i e s  w i l l  be  u t i l i z e d  i n  t h e  second phase of th is  program. Phase 

two w i l l  involve  i o n  exchange column loading  and e l u t i o n  of waste s imulant  

so lu t ions .  The goa l  is  t o  perform a c t u a l  s epa ra t ions  of l an than ide  and 

a c t i n i d e  i o n s  wh i l e  determining t h e  e f f e c t s  of column f l o w  rates, e l u e n t s ,  

and f i s s i o n  products  i n  t h e  feed s o l u t i o n  on t h e  degree  of s e p a r a t i o n  

achieved. Pre t rea tment  of t h e  feed  s o l u t i o n  wi th  inorganic  i o n  exchangers 

(e.g., t o  remove f i s s i o n  products  and t h e  bulk  of t h e  lan thanides)  w i l l  

b e  considered dur ing  t h i s  phase. 

Assuming t h a t  t h e  f i r s t  two phases of t h e  p r o j e c t  y i e l d  an i o n  

exchange material s u i t a b l e  f o r  lan thanide-ac t in ide  p a r t i t i o n i n g ,  t he  t h i r d  

phase w i l l  test t h e  materials and procedures developed on p a r t i t i o n i n g  from 

a c t u a l  high-level  waste. T i m e  c o n s t r a i n t s  may l i m i t  t h e s e  s t u d i e s  i n  

ET 1977, i n  which case f lowshee ts  w i l l  b e  provided based on s imulant  

studies. Prel iminary s t u d i e s  have shown that t h e  sodium forms of t i tanate ,  

n ioba te ,  and z i r c o n a t e  materials exchange q u a n t i t a t i v e l y  wi th  hydrogen ions  

even i n  moderately concent ra ted  n i t r i c  a c i d .  Therefore ,  H is  a l s o  being 

considered as a b a r r i e r  ion. 

3. 

During t h e  second q u a r t e r  of FY 1977,  e q u i l i b r a t i o n  s t u d i e s  w e r e  

c a r r i e d  o u t  on t i t a n a t e ,  n ioba te ,  and z i r c o n a t e  ion  exchange materials 

t o  determine t h e i r  s t a b i l i t y  i n  a c i d  media and t h e i r  a f f i n i t i e s  f a r  candi- 

d a t e  b a r r i e r  ions and s e l e c t e d  rare e a r t h  ions .  

The a c i d  s t a b i l i t i e s  (Table 5.1) were determined by e q u i l i b r a t i n g  

weighed po r t ions  of inorganic  i o n  exchange materials w i t h  s o l u t i o n s  of 

varying n i t r i c  ac id  concent ra t ion .  The amount of t i t an ium,  niobium, o r  

zirconium found i n  s o l u t i o n  a f t e r  e q u i l i b r a t i o n  i n d i c a t e s  t h e  e x t e n t  of 
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d i s s o l u t i o n  of t h e  ion  exchange material e Vacuum-dried (V) t i t a n a t e s  

and z i r cona te s  show cons iderable  d i s s o l u t i o n  a t  h igher  acid concent ra t ions ,  

but the  f i r e d  (F) Eorms resist d i s s o l u t i o n  even when i n  prolonged contac t  

w i th  0.5 M - HNO3. Fi red  t i t a n a t e s  and z i r cona te s  retain 50% and 802, re- 

spec t ive ly ,  of t h e i r  un f i r ed  ion  exchange c a p a c i t i e s .  Disso lu t ion  of both 

f i r e d  and vacuum-dried niobatea Tis n e g l i g i b l e  over the  pH range f o r  wliich 

d a t a  are presented.  

f i r i n g  des t roys  most of i t s  ion  exchange capac i ty .  

The vacuum-dried n i o b a t e  € o m  i s  preferred s i n c e  

Table  5.1. S t a b i l i t y  of inorganic  ion  exchangers 

Percent  d i s s o l u t i o n  of c e n t r a l  i on  I 

pH 7" Or 0.02 0.1 M __. k N 0 ~ ~  0.5 M - kN03 
Exchanger g r e a t e r  

Sod i.im. t: i t  ana t e 

Sodium niobate :  

Sodiurn z i rconate :  

a 24-hr e q u i l i b r a t i o n  1) 

4 8-hr e q u i l  f b r a t  i o n  e 

(P) - f i r e d  a t  700°C. 

( V I  - vacuum-dried o n l y .  

C 

d 

Sodium t i t a n a t e  w a s  converted t o  b a r r i e r  i on  form by e q u i l i b r a t i o n  
2-6. 24- 3-F 

with  candida te  b a r r i e r  i ons  (Ba  , Cu , Pb2*, %n2', Cr3', Fe ) a t  

n e u t r a l  pH. In 0.5 M I BN03, ~ioiie of these  ions  was r e t a i n e d  by t h e  

t i t a n a t e  ion  exchange material. Only the  chromic and f e r r i c  t i t a n a t e s  
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remained i n  b a r r i e r  i o n  form i n  0.05 M_HNO3.  These r e s u l t s  i n d i c a t e  

t h a t  b a r r i e r  i on  forms of t h e  t i t a n a t e s  can be e f f e c t i v e l y  used only  i n  

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

The a . f f i n i t i e s  of t i t a n a t e ,  n ioba te ,  and z i r c o n a t e  ion  exchange 

materials f o r  rare e a r t h  (R.E.) i o n s  i n  moderate n i t r i c  a c i d  concentra- 

t i o n s  w e r e  i n v e s t i g a t e d  by f u r t h e r  e q u i l i b r a t i o n  s t u d i e s  (Table 5.2)  . 

Table 5.2. Resu l t s  ob ta ined  i n  r a re -ea r th  e q u i l i b r a t i o n  s t u d i e s a  

F r a c t i o n  of R.E. 3+ r e t a i n e d  
on i o n  exchanger 

Foim of ion  Acid 
exchanger medium ~ a ~ +  Nd ~r 3f  Y3+ 

Titanates: 
b 

0 . 5  MHN03 0.07 co.01 g0.04 0.10 

FE? 0.05 M_HNO3 0.10 <0.04 <O. 04 0.20 

0.05 HNO3 0.10 co.01 <0.04 <O,03 

N a  

C r  0.05 M_HNO3 0.07 <0. 04 c0.04 0.19 

Nio ba t e: 
b 

Z i r  cona t e: 
b 

N a  

0.05 M_ HNO3 0.05 co.01 c0.04 c0.03 Na 

a Experiments cons i s t ed  of 5 meq of i o n  exchanger, 1 meq of total .  
R.E.3+, and 100 m l  of s o l u t i o n .  

bFired a t  700OC. 

Resu l t s  ob ta ined  dur ing  work on t h e  Sandia S o l i d i f i c a t i o n  Process  

i n d i c a t e  t h a t  t i t a n a t e ,  n ioba te ,  and z i r c o n a t e  i o n  exchange materials 

have h igh  a f f i n i t i v e s  f o r  R.E. i ons  a t  approximately n e u t r a l  pH. The 

small take-up of t h e s e  i o n s  by titanates, n ioba te s ,  and z i r cona te s  i n  

moderate a c i d  (Table 5.2) impl ies  t h a t  R.E. ion exchanger a f f i n i t i e s  

have a s t r o n g  pH dependence. 
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Investigations into the  relative affinities af  aneri.cium, curium, 

a.nd r a re -ea r th  ions  fer titanate, niobate ,  and zireonate materials as  a 

functdon O F  pB are now being pl.anned o r  are i n  progress .  

iheoe a f f i n i t i e s  may alllow selective e l u t i o n  of the components of  Purex 

Differences i.n 

waste by pH adjusLuient.. 
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6 .  RECOVERY ALTERNATIVES APPLICABLE TO WASTE STREAMS 

E. P I-lorwitz, W. H. Delphin, G. W. Mason, C. A. A. Bloomquist, 

H. G r i f f i n ,  S.  Lewey, and M. S t e i n d l e r  (Argonne Nat iona l  Laboratory) 

This task  foeuses on processing alternatives for 
recovering actinides and technetiwn from high- 
leveZ liquid waste. 
alternatives for separating the lanthanides from 
the t r iva len t  actinides and for  recovering actinides 
from sa l t  wastes. 

Additional work w i l l  examine 

6 . 1  Summary 

A t e n t a t i v e  conceptua l  process  sequence f o r  t h e  removal of N p ,  l u ,  

Am, Cm, and T c  from high-level  l i q u i d  waste (HLLW) is presented.  The 

process  involves  f o u r  b a s i c  s t eps :  (1) removal of Np, Pu, and T c  us ing  

tricaprylmethylammonium n i t r a t e  (TCMA'N03) i n  a l i qu id - l iqu id  chromatog- 

raphy (LLC) mode; (2) e x t r a c t i o n  of i n t e r f e r i n g  elements such as Z r ,  Mo, 

Gd, Y,  and U us ing  di(2-ethylhexyl)  phosphoric a c i d  (HDEHP); ( 3 )  extrac- 

t i o n  of Am, Cm, and rare e a r t h s  w i t h  di(hexoxyethy1) phosphoric ac id  

(HDHoEP); and ( 4 )  s e p a r a t i o n  of Am and Cm from t h e  rare e a r t h s .  The Zr, 

No, Gd, Y ,  and U, toge ther  wi th  t h e  ra re  e a r t h s  separa ted  from Am and Cm, 

are r e t u n e d  t o  t h e  HLLW r a f f i n a t e  from s t e p  3 .  

A f lowsheet  f o r  t h e  removal of Np, Pu, and Tc from t h e  HLLW is 

presented .  

Pu(1V) , and Tc(V1I) us ing  TCMA'N03. A l l  f i s s i o n  products  and co r ros ion  

products  are poor ly  e x t r a c t e d .  The Tc(VI1)  i s  separa ted  from Np and Pu 

us ing  6 - M H N 0 3 ,  and t h e  Np and Pu are s t r i p p e d  using 1 E  formic acid--0.1 

The process  is  based on t h e  h igh  e x t r a c t a b i l i t i e s  of Np(IV), 

HNO3. 



Plowsheets are shown f o r  the e x t r a c t i o n  of c e r t a i n  f i s s i o n  products ,  

namely, Zr, Mo, Y ,  and U, from HLLW by I-IDEHP and f o r  t he  subsequent 

e x t r a c t i o n  of Am and Cm from t h e  r e s u l t a n t  r n f f i n a r e  by RL)I?oEP, The 

l a t t e r  process  i s  based on t h e  high ex t r ac t ab i l i - t i - e s  of Am and Cm by 

HDHoEP Erom n i t r i c  ac id  s o l u t i o n s  up t o  2 - M i n  concent ra t ion .  

6.2 In t roduct ion  

The t reatment  of high-level  waste t o  remove J.ong-lived mic l ides  

has  been proposed as a method f o r  s impl i fy ing  waste inanagement procedures.  

This p a r t i t i o n i n g  i.s usua l ly  aimed a t  t rea tment  of t h e  l i q u i d  waste from 

t h e  f i . r s t - cyc le  processing of spent  f u e l  by so lven t  e x t r a c t t o n .  A program 

has bee-n i n i t i a t e d  by ERBA and managed by ORNI, t o  demonstrate p a r t i t i o n i n g  

as a f e a s i b l e  technology op t ion  i n  t h e  management of nuclear  waste. 

The present  program is  d i r e c t e d  toward an  examination of the  fea-  

s i b i l i t y  of recovering macro amounts of long-lived a c t i n i d e s ,  Np, Pu, 

Am, and Cm, and f i s s i o n  product T c  from commercial high-level  w a s t e  

(HLLW) , using va r ious  quaternary anmonium n i t r a t e s  and d ia lkylphosphor ic  

ac id  e x t r a c t a n t s .  The process  is divided i n t o  two d i s t i n c t  p a r t s .  The 

f i r s t  p a r t  involves  the  e x t r a c t i o n  of Np, Pu, and T c  from s y n t h e t i c  NLLW 

s o l u t i o n  using a trialkylmethylammonium n i t r a t e  s a l t  i n  diethylbenzene.  

This  s e p a r a t i o n  w i l l  be  t e s t e d  i n  hi.@-speed l i qu id - l iqu id  e x t r a c t i o n  

(LLE) and high-speed (LZC)  modes. Emphasis will be placed on decontam- 

i n a t i o n  o f  t hese  nuc l ides  from unwanted f i s s i o n  products  and cor ros ion  

products  and on e f f i c i e n t  and r ap id  s t r i p p i n g  of Np, Pu, and Tc from t h e  

e x t r a c t a n t .  The second p a r t  involves  t h e  e x t r a c t i o n  of Am and Cm from 

the  r a f f i n a t e  of t h e  f i r s t  p a r t ,  us ing a d i a l k y l  phosphoric ac id  e x t r a c t a n t .  
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I n v e s t i g a t i o n s  w i l l  concen t r a t e  on e f f o r t s  t o  lower 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 s  of Z r ,  Mo, and U us ing  complexing agen t s  such as o x a l a t e  

and f l u o r i d e  ions  i n  o rde r  t o  improve e x t r a c t a n t  s e l e c t i v i t y  f o r  Am and 

Cm. An a l t e r n a t i v e  approach t h a t  has been included i n  p r e l h i n a r y  flow- 

s h e e t s  w i l l  u s e  an in t e rmed ia t e  e x t r a c t i o n  of Z r ,  Mo, and U i n  order  t o  

e l imina te  t h e i r  i n t e r f e r e n c e  wi th  the  Am and Cm e x t r a c t i o n  i n  t h e  second 

p a r t .  Emphasis is placed on achieving a h igh  recovery of t h e  des i r ed  

nuc l ides  wi th  a minimum t r a n s f e r  of unwanted f i s s i o n  products  and corro- 

s i o n  products  (e.&., C r ,  Mo, Fe).  A f i n a l  s e p a r a t i o n  of Am and Crn from 

coext rac ted  rare e a r t h s  is planned. 

The chemical information developed i n  the  experimental  program w i l l  

be  supplemented by s e v e r a l  types  of on-going reviews aimed at eva lua t ion  

of the f e a s i b i l i t y  of t h e s e  methods. I n i t i a l  e f f o r t s  w i l l  c o l l e c t  e x i s t i n g  

process- re la ted  information on systems l i k e l y  t o  be s tudied  ( e . g . ,  r ad ia -  

t i o n  s t a b i l i t i e s  and the  p r o p e r t i e s  of degrada t ion  products ,  s o l u b i l i t i e s  

i n  va r ious  s o l v e n t s ,  co r ros ion  of and compa t ib i l i t y  w i t h  materials of 

cons t ruc t ion ,  commercial a v a i l a b i l i t y  or  es t imated c o s t s  t o  produce 

reagents ,  s a fe ty - r e l a t ed  p r o p e r t i e s ,  e t c . ) .  Prel iminary conceptual  f l o w -  

s h e e t  des igns  w i l l  be  drawn as soon as s u f f i c i e n t  e x t r a c t i o n  e q u i l i b r i a  

d a t a  are a v a i l a b l e .  These f lowsheets  w i l l  s e rve  t o  focus on s p e c i f i c  

areas where a d d i t i o n a l  d a t a  are needed. 

6 . 3  Exper b e n t  a1 

6.3.1 Ex t rac t an t s  

The qua ternary  amine employed i n  t h i s  s tudy  w a s  TCMAoN03.  A t e c h n i c a l  

grade of t h i s  amine ( c a l l e d  Aliquat-336 ch lo r ide )  w a s  obtained from General 
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M i l l s ,  h c .  This  amine w a s  e i t h e r  used as rece ived  (usua l ly  for LLC 

s t u d k s )  o r  p u r i f i e d  by LLE us ing  a cyclohexane--50:50 w a t e r : a c e t o n i t r i l e  

system. The qua ternary  amine remains i n  t h e  a c e t o n i t r i l e  phase9 whereas 

t h e  t e r t i a r y  and lower amines concent ra te  i n  t h e  cyclohexane phase. Two 

ba tch  e x t r a c t i o n s  (org.  :aq,  = 1 )  of t h e  ace ton i t r i l e -wa te r  phase wit.h 

cyclohexane are normally employed. A f t e r  t h e  extraction., t h e  a c e t o n i t r i l e -  

€I20 i s  removed from t h e  quaternary m i n e  by means of a commercial r o t a r y  

evapora tor ,  

The HDEHP w a s  ob ta ined  from Union Carbide,  Inc.., and p u r i f i e d  using 

t h e  method suggested by Peppard.' 

fol lowing t h e  procedure o E Peppard. 

The HDHoEP w a s  synthesized and p u r i f i e d  

2 

6.3.2 P repa ra t ion  of bed material and column packing 

P o r a s i l  @* w a s  used as t h e  i n e r t  support  f o r  preparing the LLC 

columns. P o r a s i l  c o n s i s t s  of s p h e r i c a l ,  porous silica beads 37 t o  75 urn 

i n  diameter ,  

s i z e  f r a c t i o n s :  37 t o  60 pm and >60 urn. The 37- t o  60-u-diam fraction was 

The material w a s  h y d r a u l i c a l l y  graded3 i n t o  two p a r t i c l e  

used t o  prepare  t h e  LLC columns. P o r a s i l  i s  a v a i l a b l e  i n  four  pore  s i z e  

ranges from < l o 0  t o  <1500 A i n  diameter .  

diameter range of 200 t o  400 A (Hg in t rus ion)  and a su r face  area of 50 t o  

100 m2/g (BET), w a s  used i n  t h i s  s t u d y .  

' P o r a s i l  C ,  which has  a pore  
0 

The chromatographic p r o p e r t i e s  

of o t h e r  P o r a s i l s  are be ing  i n v e s t i g a t e d .  

The P o r a s i l  support  w a s  made hydrophobic by r e f lux ing  24 br i n  

hexamethyldis i lazane.  Organic e x t r a c t a n t ,  30 v o l  % TCMA'C1 i n  d i e thy l -  

benzene (DEB), w a s  appl ied  t o  t h e  P o r a s i l  us ing  t h e  convent ional  so lven t  

_l____l 

Wroduct  of TJaters Assoc ia tes ,  Milford, Mass. 
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4 evapora t ion  technique.  

a s c e r t a i n e d  experimental ly  by success fu l  approximations.  

suppor t  i s  w e t ,  whereas t h e  optimum o r  underloaded support  is dry .  The 

r e s u l t a n t  d r y  column material w a s  e a s i l y  wet ted f o r  s l u r r y  packing s f  

t h e  column by vo r t ex ing  wi th  0.1 

packing under pressure .  Column bed d e n s i t y  {i.e., t h e  number o f  gsma 

of column material per  m i l l i l i t e r  w a s  measured by ex t ruding ,  drying,  am1 

weighing t h e  con ten t s  of a column of known volume. 

Optimum loading  of t h e  support  (50 w t  X )  w a s  

The overloaded 

HC1,  Columns w e r e  prepared by s l u r r y  

4 

6 . 3 , 3  Measurements of K and column run  procedure d' 

D i s t r i b u t i o n  r a t i o  measurements were performed i n  t h e  convent ional  

manner using s tandard rad iometr ic  a s say  and count ing techniques.  The ICd 

measurements made a t  50 C were c a r r i e d  o u t  by i n t e r m i t t e n t  thermostating 

and vo r t ex ing  s m a l l  c u l t u r e  tubes  conta in ing  t h e  two phases. 

0 

The equipment u t i l i z e d  i n  t h e  Chromatographic experiments and t h e  
5 gene ra l  column r u n  procedure are descr ibed  i n  a previous paper ,  

a medium-pressure (500 p s i ,  3.45 x l o 6  Pa) LC pump, va lves ,  and tubing 

w e r e  employed, t he  p re s su re  drop a c r o s s  t h e  column dur ing  high-speed 

column runs d i d  n o t  exceed 175 p s i  (1 .21  x l o 6  Pa> 

APthoia.gh 

6 . 4  Resu l t s  and Discussion 

6.4.1 Process  s e q u e n E  

A t e n t a t i v e  conceptual  process sequence f a r  the removal of Np:, Pu, 

Am, Cm, and T c  from high-level 1iquS.d waste 3s s h ~ m  in P i g ,  6.1, ?he 

process  involves  fou r  basic s t e p s .  F i r s t ,  N p ( I V 1 ,  Pu(X&"), and T c d V I t )  

are s e l e c t i v e l y  removed from t h e  HLLW us ing  the quaternary m i n e  T W m ? X 1 3  
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Y, u 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

Am, Cm 

Fig. 6.1. Conceptual flowsheet illustrating processing sequence 
to parti.t.i.on the actinides and 1-anthanides from HLLW, 



33 

i n  diethylbenzene (DEB). 

HDEHP in .  dodecane. 

Y ( I I I ) ,  and U ( V I ) ,  which i n t e r f e r e  ( t o  a g r e a t e r  o r  lesser ex ten t )  wi th  

t h e  subsequent e x t r a c t i o n  of Am and Cm. I n  t h e  t h i r d  s t e p ,  t h e  Am(II1) 

and C m ( I I I ) ,  t oge the r  w i th  t h e  remaining rare e a r t h s  (which are p r imar i ly  

L a  and Eu), are ex t r ac t ed  wi th  HDHoEP i n  dodecane. 

r e q u i r e s  a p r i o r  evaporat ion o r  d i l u t i o n  of t h e  HLLW i n  o rde r  t o  lower 

t h e  H 

t h e  Z r ,  Mo, Gd, Y, and U t h a t  w e r e  e x t r a c t e d  i n  s t e p  2 are combined w i t h  

t h e  r a f f i n a t e  from s t e p  3 .  The f i n a l  phase of t h e  process  involves  t h e  

s e p a r a t i o n  of Am and Cm from rare e a r t h s ;  however, t h e  d e t a i l s  of t h i s  

s t e p  have n o t  y e t  been developed. 

The second s t e p  involves  LLE of t h e  HLLW us ing  

Th i s  e x t r a c t a n t  removes Z r  ( I V )  , Mo(V1) , Gd(II1) , 

The LLE i n  s t e p  3 

+ concen t r a t ion  t o  %lM. - A f t e r  removal of t h e  Am and Cm from MLLW, 

The processing sequence shown i n  Fig.  6 .1  is  based on very  prelim- 

ina ry  l abora to ry  i n v e s t i g a t i o n s .  Some of t h e  s t e p s  i n  t h e  process  have 

no t  been exper imenta l ly  v e r i f i e d ,  a l though every s t e p  appears  f e a s i b l e  

based on p a s t  experience.  Experimental  work, p a r t i c u l a r l y  w i t h  g ross  

concent ra t ions  of c e r t a i n  f i s s i o n  products  and wi th  s y n t h e t i c  waste solu-  

t i o n s ,  remains t o  b e  done. The r a d i a t i o n  s t a b i l i t y  and subsequent cleanup 

of t h e  e x t r a c t a n t s ,  as w e l l  as t h e  s t a b i l i t y  of  t h e  LLC columns, remain 

t o  b e  s tud ied ,  even though some pre l iminary  information concerning t h e s e  

parameters i s  a v a i l a b l e  

6.4.2 Removal of Np, Pu, and T c  w i th  TCMAeNO3 i n  DEB 

A f lowsheet  f o r  t h e  removal of Np, Pu, and Tc from HLLW us ing  an  

LLC column conta in ing  30 v o l  % TCMA.’NO3 i n  DEB as t h e  s t a t i o n a r y  phase 

i s  shown i n  F ig .  6.2.  The feed s o l u t i o n  €or  t h i s  process  is t h e  H A W  

f r a c t i o n  from the Purex process  f lowsheet  descr ibed  i n  r e f .  6 .  This  
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HLLW 
8975 IQ 

1.9 el. HMO, 
1.9 K Q  U 
<,1 Q Mp 

<.1 Q Pu 

141 Q Am 

37 q Cm 

13.23 Kq R.E. 
18.6 Kg F.P. 

2100 L 
6 El HNO, 

Mp-Pu PRODUCT 
2100 41 

1 8 HCOOH 
27 g #p, 45 q Pu 

I.pc TO E X T R A C T I O N  DF INTERFERING ELEMENTS 

RECYCLE TO F E E D  

Fig. 6.2. Conceptual flowsheet f o r  Np, Pu, andl Tc removal from 
HLLW using TCMA-NQ3-DEB columns. Hasis 1. tonne of heavy metal. 
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waste stream (i.e., t h e  HAW) has  a volume of 5569 l i ters pe r  tonne of 

heavy metal ( i . e . ,  U + Pu) and i s  2.9 pI i n  H N 0 3 .  The q u a n t i t i e s  of f i s s i o n  

products  and a c t i n i d e  elements w e r e  f o r  a t y p i c a l  LWR f u e l  i r r a d i a t i o n  t o  

33,000 MWd/tonne based on 0.5% l o s s  of  plutonium t o  t h e  H A W .  
6 

The f lowsheet  i n  Fig.  6 .2  is  based on t h e  h igh  e x t r a c t a b i l i t y  of 

N p C I V ) ,  Pu(IV) ,  and T c ( V I 1 )  by TCllA*N03. Figure  6 . 3  shows some d i s t r i b u t i o n  

 ratio^* determined i n  t h i s  program f o r  t e t r a v a l e n t  and hexavalent  a c t i n i d e s  

and T c ( V I . I ) ,  t oge the r  wi th  s e l e c t e d  f i s s i o n  products ,  us ing  30 v o l  % 

TCP&9N03 i n  DEB. 

who used Solvesso 

7 The f i s s i o n  product  d a t a  w e r e  ob ta ined  from Koch e t  a l . ,  

as a d i l u e n t .  Koch a l s o  publ ished a c t i n i d e  d a t a  @** 

s i m i l a r  t o  those  determined i n  t h i s  work by us ing  TCMA-NO3 i n  Solvesso , 

The t e t r a v a l e n t  a c t i n i d e s  and Tc(VX1) are p r e s e n t  i n  t h e  TCMA*N03 phase 

as (Rt+N)zPu(N03)6 and B4NTcOk; uranium occurs  as Ri+NUOz(N03)3.  These 

s t o i c h i o m e t r i e s  w e r e  determined i n  t h i s  work by means of loading  exper- 

iments and e x t r a c t a n t  dependencies.  

I n  t h e  f i r s t  s t e p  of t h e  f lowsheet  shown i n  Fig.  6.2, t h e  feed  solu-  

t i o n  i s  d i l u t e d  w i t h  H20 t o  decrease  t h e  a c i d i t y  t o  2 M - wNO3 i n  o rde r  t o  

increase t h e  K of Tc.  No va lence  adjustment f o r  Np and Pu i s  shown, 

al though such a n  adjustment  might be  necessary  and would probably be  done 

wi th  N204. 

30 v o l  % TCMA'NO3 i n  DEB are >lo2 without  any va lence  adjustment .  

d 

However, t h e  observed K d ' s  of  Pu and Np from 2 g J B J O 3  us ing  

One 

reason  f o r  t h e  h igh  K ' s  from HN03 wi thout  a s e p a r a t e  va l ence  adjustment d 

* 
Kd = concen t r a t ion  of nuc l ide  i n  organic  phase 

concen t r a t ion  of n u c l i d e  in aqueous phase 

**Product of Exxon Chemical Co., Houston, Texas. 
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s tep*  i s  t h a t  Pu(V1) and Np(VI), and poss ib ly  Np(V), are reduced t o  t h e  

t e t r a v a l e n t  state by t h e  amine e x t r a c t a n t  un le s s  a s t rong  hold ing  oxidant  

is  present .  

The LLC columns shown i n  F ig .  6.2 c o n s i s t  of a s t a t i o n a r y  phase of 

30 v o l  2 (0.5 E) T W ' N 0 3  i n  DEB absorbed on t o t a l l y  porous s p h e r i c a l  

s i l i ca  p a r t i c l e s  35 t o  60 pm i n  diameter .  

s i l i ca  p a r t i c l e s  h a s  n o t  been determined. 

S t a t iona ry  phase on t h e  p a r t i c l e s  i s  a func t ion  of t h e  pore s i z e  b u t  w i l l  

probably b e  i n  t h e  range of 45 t o  50 w t  %. 

The optimum pore s i z e  of the 

The maximum l i q u i d  loading  of 

Ful l - sca le  process  columns would have 300- l i t e r  bed volumes 

(2234 em2 x 134 cm) , o r  dimensions of 2 1  i n .  I D  x 52.8 i n .  long, and would 

b e  opera ted  a t  5OoC. 

(50 w t  % e x t r a c t a n t  on suppor t ) ,  and q u a n t i t i e s  of Np, Pu, and T c  ex t r ac t ed .  

Table  6 .1  g ives  t h e  column dimensions, c a p a c i t y  

It  is  i n t e r e s t i n g  t o  n o t e  t h a t  T c  is t h e  major molar c o n s t i t u e n t  and t h a t  

%94% of t h e  TCMA'N03 complexed i s  used t o  e x t r a c t  TcO4 . Liquid loading  
I 

experiments c a r r i e d  o u t  i n  t h e  LLE mode w i t h  30 vol % TCMA*NO3 i n  DEB 

ind ica t ed  no s o l u b i l i t y  o r  phase s e p a r a t i o n  problems on e x t r a c t i n g  macro 
- 

concen t r a t ions  of  Tc04 , even when t h e  o rgan ic  phase w a s  s a t u r a t e d  

( i . e . ,  50 g of T c  per  l i t e r ) .  

The f lowsheet  i n  F ig .  6.2 shows two LLC columns. The reason f o r  

us ing  a two-column system i s  that continuous process  o p e r a t i o n  can be  

obta ined  by a l t e r n a t i n g  t h e  loading  and e l u t i n g  cyc le s  between two columns. 

Table  6 , 2  shows estimates of loading  and e l u t i n g  c y c l e  t i m e s  f o r  a 

*The ox ida t ion  of P u ( I I 1 )  by HN03 i s  assumed. A d e t a i l e d  description of 
t h e  t rea tment  of h igh- leve l  w a s t e  s o l u t i o n s  as observed under process  
conditBons (e.g., presence of i n s o l u b l e  materials, mutiple-valence s t a t e  
of important  elements,  etc.,) w i l l  be  presented  i n  subsequent r e p o r t s .  



Table 6.L Colmm dinensions and capacity cor~svmptiora 

Column bed density 
Volume of stationary phase 
TCMA'NO3 in DEE 
Moles IS€ TCMA*NO3 
C o l m n  s i z e  
Bed volume 
Total capacity 

0.754 kg per  l i t e r  of bed volume 
0.435 liter per liter of bed volune 

0.217 per l i t e r  of bed volume 
2234- cm2 x 134 cm (21.0 in. ID x 52.8 in. long)  
300 liters 
65.10 moles of TCMA-NO3 per column 

30 vol % (0.5 2) 

Quantities of Tc, Np, Pu t o  be extracted from HEZW/XfHM ............................................. _ _ _  
Moles of 

Weight TCMA*N03 
E l e m e n t  (a) Moles consumed 

TC 840 8.49 8.49 

NP 27 0.114 0.228 

Pu 45 0.188 0.376 

Tota l  capacity consumed = 6.98% 

w 
ck, 
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two-column system, 

(30 cm/min) w a s  measured a t  2.3 x LO6 Pa  ( 3 3 4  l h / i n , 2 ) .  

The pressure  drop a t  t h e  maximum l i n e a r  f law v e l o c i t y  

The decontamination of the HLLW from Np, Bu, and Tc ean only be 

est imated based on simple labora tory  experiments 

f a c t o r  (DF) f o r  Pu is  inf luenced by t h e  amount of "nonextractable" y lu to-  

n i m  p resen t  i n  t h e  w a s t e  s o l u t i o n .  T f  nonext rac tab le  plutonium is no t  

considered,  t h e  DF should be  %lo3 f o r  Pu and approximately t h e  5ame for 

Np and f o r  T c .  

i n  s t r i p p i n g  T c  and Np-Pu Irom t h e  TCMA*NB3 i n  DEB columns;, The f low 

d i r e c t i o n  of t h e  s t r i p p i n g  ope ra t ion  would be  t h e  oppos i te  of t h e  loading  

ope ra t ion  i.n orde r  t o  improve colimn cleanup 

The decontamination 

Experimental column runs have ind ica t ed  no major problem 

The process  shown i n  P i g ,  6 . 2  can a l s o  b e  c a r r i e d  ou t  e n t i r e l y  by 

convent ional  %LE wi th  same modi f ica t ion .  I n s u f f i c i e n t  d a t a  e x i s t  a t  this 

t i m e  t o  dec ide  which technique would g i v e  t h e  b e s t  r e s u l t s  f o r  t h e  least 

cost. 

6.4.3 Ext rac t ion  of i n t e r f e r i n g  f i s s i o n  products  us ing  "113EHP 

A flowsheet f o r  the removal of Z r ,  Mo,  Y ,  and U, and poss ib ly  Sb, 

Sn, and Fe (from co r ros ion  from HLLW), by LLE using HDEEIP i n  dodecanr is 

shown i n  Pig.  6.4.  The feed  s o l u t i o n  f o r  t h i s  s t e p  i s  t h e  column e l u a t e  

(or  r a f f i n a t e  i f  LLE i s  used) from t h e  loading  and a c i d  scrub cycles of 

t h e  Np, Pu, and Tc e x t r a c t i o n  s t e p .  This  f lowsheet  i s  based on t h e  h igh  

e x t r a c t a b i l i t i e s  of t e t r a v a l e n t  and hexavalent  metal ion%Y, and heavy 

rare e a r t h s  by HDEHP. No va lence  adjustment o r  a c i d i t y  change i s  re- 

qui red  f o r  t h e  e x t r a c t i o n ,  us ing  0.5 M - H D E H  i n  dodecane. 

K 

temperature  during t h e  LLE s t e p s  would probably l i e  i n  the 40 t o  50°C range, 

8 

Most published 

Since ambient va lues  us ing  HDEHP w e r e  determined a t  room temperature.  d 
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2259 d 
1 B HNO, 

t 
HLLW 

11,225 A 
1.72 fl HNO, 

1 4 1  g A m  
374 Cm 

19.0 Kg R.E. 
11.6 Kg F.P. 
v 

6 11 HNO, 

9.5 M HDHEP- - - 
TO ORGANIC WASTE 

AfTER Am,Cm, EXTN. TO Am, Cm EXTRACTION 

Fig.  6.4 .  Conceptual f lowsheet  f o r  t h e  e x t r a c t i o n  of i n t e r f e r i n g  
f i s s i o n  products  from HLLW us ing  HDEHP-dodecane. Basis: 1 tonne of  
heavy m e t a l .  



4 2  

a d d i t i o n a l  K ' s  f a r  Z r ,  Mo, U ,  and Y will be requi red  a t  5Q'C. 

the K d ' s  f o r  these  elements from 7 M I- ~ ~ 0 3  a t  2§ C are so high (except f o r  

Y) that. t he  in f luence  of temperature w i l l  no t  a l ter  t h e  o v e r a l l  flowsheel: 

s i g n i f i c a n t l y .  More important i s  t h e  ex i s t ence  of t h e  pol.ynuclear com- 

pounds f o  Zr and t h e i r  i n f luence  i n  t h e  chemical behavior of this element: 

dur ing  LLE. Simulation of HLLW by d i s s o l u t i o n  of s m a l l .  samples of irra- 

d i a t e d  f u e l ,  followed by one cyc le  of Purex e x t r a c t i o n ,  is  planned to 

e l u c i d a t e  t h e  behavior of both z i  rcoa ium and ruthenium, 

However, d 
0 

A s  shown i n  F i g .  6 . 4 ,  t h e  f i s s i o n  products  e x t r a c t e d  by BDENP are 

s t r i p p e d  success ive ly  w i t h  6 M - wNO3 and 0.5 M - I12c204 and recycled t o  the  

H%I,W strcaiii af ter  t h e  and Crn e x t r a c t i o n  process .  The uranium present 

i n  the  o x a l a t e  s t r i p "  could  be  separa ted  from t h e  Zr and Mo by d i s so lv ing  

in 8 M - IlN03 and e x t r a c t i n g  wi th  30 v o l  % TCMA.NO3 in DEB. 

G.4.4 ..I- Extrac t ion  of Am, Cm, andLare e a r t h s  using EIDHoEP 

A f lowsheet  f o r  t h e  removal. O F  Am3 Cm, and rare e a r t h s  from KLLW 

waste by LLE us ing  HDHoEP i n  DEB o r  diisopropylbenzene (DIP) i s  shown i n  

Figs. 6 .5  and 6.6,  

r a t i o s  obtai t iable  from n i t r i c  a c i d  s o l u t i o n s ,  even up t o  2 E, us ing  HDHoEP. 

Ffgure 6.7 shows e x t r a c t a n t  dependencies i n  heptane (dodecanr d i l u e n t  

g ives  t h e  sane value)  f a r  Am and Eu from 1. M - as  w e l l  a s  from 4 - M HNO3. 

F igure  6.8 s h o w  t h e  e x t r a c t a n t  dependency of Ciii atid Pm from 4 E HNO3. 

These f lowsheet  are based on t h e  h igh  d i s t r i b u t i o n  

S l o p e s  o f  the Kd curves decrease  wi th  inc reas ing  concent ra t ion ,  from 

%I t o  1 . 5  a t  low e x t r a c t a n t  concent ra t ions  t o  <1 a t  high e x t r a c t a n t  

concent ra t  ions. These d a t a  c lear ly  i n d i c a t e  a n  inc rease  i n  a s s o c i a t i o n  

*Very l i t l l le  uranium would be present  i n  t h e  6 M_BNO3 s t r i p .  
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Fig.  6.5. Conceptual flowsheet f o r  Am, Cm, and rare-earth removal 
from HLLW u.sing HDNoEP i n  DEB ( P a r t  1). Basis: 1 tonne of heavy metal. 
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Fig. 6.8. D i s t r i b u t i o n  coef f icents  for P m ( I I 1 )  and Cm(111) 
between 4 M H N O 3  and va r ious  concentrations of HDHoEP i n  heptane. 
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of t h e  mHoEp wi th  concen t r a t ion ,  which is no t  s u r p r i s i n g  when Compared 

wi th  t h e  behavior  of o t h e r  a l k y l  phosphoric a c i d s .  The presence of t h e  

e t h e r  l i nkage  i n  t h e  HDHoEP i s ,  i n  a l l  p r o b a b i l i t y ,  r e spons ib l e  f o r  the 

i n c r e a s e  i n  a s s o c i a t i o n  as compared wi th  concent ra ted  WDEHP-dodecane 

s o l u t i o n s .  Acid dependencies show t h e  expected s l o p e  of - 3 . 5  (when 

i o n i c  s t r e n g t h  is not  he ld  cons t an t )  a t  low a c i d i t y .  However, In the 

v i c i n i t y  of 1.5 HN03 t h e  s lope  begins  t o  dec rease  and reaches -2 a t  

4 M - HNO3. 

HDHoEP. Ex t rac t ion  of NO3 by HDEHP a t  high n i t r a t e  concen t r a t ions  i s  

w e l l  known. The fol lowing e q u i l i b r i a  d e s c r i b e  t h e  e x t r a c t i o n s :  

These r e s u l t s  i n d i c a t e  t h a t  a MN032+ i on  may be e x t r a c t e d  by 
- 

+ 3H' M3+ + n(HY)m f MH,m_ Yrrms 

MNOa2+ + n(HY), MNOgH Y + 2H+, 

j. 

m-2 Nn 

where HY is t h e  a c i d  HDHoEP, Y i s  t h e  an ion  DHoEP-, and m is t h e  degree 

of associ .a t ion of t h e  e x t r a c t a n t .  

I n  o rde r  t o  o b t a i n  proeess- re la ted  d a t a ,  t h e  e x t r a c t i o n  of h3+ by 

HDHoEP i n  dodecane w a s  s tud ied ,  using a two-level, t h r e e - f a c t o r i a l  des ign ,  

The t h r e e  independent v a r i a b l e s  and t h e i r  l e v e l s  w e r e  a c i d i t y  (0.525 and 

2.13 M - HhTOs), e x t r a c t a n t  concen t r a t ion  (0.5 and 1 .0  $9, and temperature  

d (25 and 50°C). 

as a f u n c t i o n  of a c i d i t y ,  e x t r a c t a n t  concent ra t ion ,  and temperature  w a s  

de rv ied  from t h e  r e s u l t s  of t h e  f a c t o r i a l  experiments. The equat ion  is 

as follows: 

A p r e d i c t i o n  model equat ion f o r  t h e  v a r i a t i o n  of t h e  K 
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where 

log[H-t-J - 0.024 
0.304 

x1 = Y 

log[Ex] + 0.150 
0.150 x2 = Y 

[ l / T ° K ]  - 3 . 2 3  x 
x3 = -1.3 x lo-& 

D i s t r i b u t i o n  r a t i o s  (K ) of A m ( T 1 I )  range from 5.8 i n  2.13 M - rZN0, t o  300 

i n  0.525 M H N 0 3 ,  us ing  I M HDHoEP a t  5OoC, 

i s  tavorable  f o r  t he  e x t r a c t i o n  of An and Cm from H U W ;  however, s t r i p p i n g  

these ions  from the  organic  phase i s  d i f f i c u l t ,  Decreasing t h e  e x t r a c t a n t  

concent ra t ion  t o  t h e  0.2 t o  0.4 - M range alleviates the  back-extract ion 

problem t o  some degree.  

advantage of t h e  d i l u e n t  e f f e c t  shown wi th  d i a l k y l  phosphoric ac id  

e x t r a c t a n t s  Prel iminary measurements o f  Am and Eu d i s t r i b u t i o n  r a t i o s  

us ing  HBHoEP i n  D I B  have shown decreases  i n  Kd by a f a c t o r  of 8 t o  0.2 M - 

KDHoEP. 

comparable t o  those  obtained i n  t h e  dodecane d i h e n t .  Therefore ,  t h e r e  

appears t o  be a l a r g e r  e x t r a c t a n t  dependency i n  the  aromatic  d i l u e n t .  

d 

These K ' s  are very  high,  which d I - 

However, a b e t t e r  s o l u t i o n  may l i e  i n  tak ing  

However, t h e  K ' s  of Am and Eu us ing  1 M  - WDHoEP i n  DTB were d 

The f lowsheet  i n  Fig.  6.6 i s  based on t h e  e x t r a c t i o n  of Am and Cm 

from 0.45 M - HNO3 us ing  0.5 M - BDHoEP i n  DEB. P r i o r  evaporat ion and 

d e n i t r a t i o n  (Fig.  6.5) are used t o  reduce t h e  a c i d i t y  of t h e  HLLW. 

Approximately 72 moles of Am, Cm, and rare e a r t h s  (Ce-Eu) will be  

e x t r a c t e d  by t h e  HDHoEP. 

HDHoEP (extractant:M3' r a t i o  = 6 ) .  

1450 moles of HDHoEP be fo re  e x t r a c t i o n ,  which w i l l  leave 1018 moles of 

€IDHoE:P a f  tear e x t r a c t i o n .  

plexed HDHoEP i n  DEB a f t e r  e x t r a c t i o n  should have a K 

This e x t r a c t i o n  w i L l  requirc: 432 moles of 

The f lowsheet  i n  F i g ,  6 . 6  shows 

An e x t r a c t a n t  concent ra t ion  of 0.35 E 01 ~incoiu- 

from Am of $6.5, d 
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thus  ensur ing  a high decontamination of t h e  HLLW us ing  t e n  s t a g e s .  

f lowsheets  are h igh ly  t e n t a t i v e ,  and o t h e r  p o s s i b i l i t i e s  such as t h e  d i r e c t  

e x t r a c t i o n  of  Am and Cm from 1.72 M - HN03 us ing  HDHoEP i n  dodecane may be 

a b e t t e r  approach. 

s y n t h e t i c  HLLW waste. 

These 

These opt ions  w i l l  be  examined more c l o s e l y  us ing  

6.5 Conclusions 

A four -s tep  prel iminary f lowsheet  f o r  t h e  sepa ra t ion  and i s o l a t i o n  

of Np, Pu, Am, Cm, and T c  from high-level  waste has  been developed on t h e  

b a s i s  of e i t h e r  known o r  reasonably probable d i s t r i b u t i o n  c o e f f i c i e n t s .  

The i n i t i a l  s e p a r a t i o n  of T c  and a Np-Pu f r a c t i o n  from t h e  HLLW has been 

t e s t e d  on a l abora to ry  scale and appears  t o  b e  func t iona l .  

of i n t e r f e r i n g  elements i n  t h e  second s t e p  i s  designed on t h e  b a s i s  of  

r epor t ed  d i s t r i b u t i o n  da ta  bu t  has  n o t  been completely def ined .  

of t h e  Am-Cm f r a c t i o n ,  accompanied by R.E.  f i s s i o n  products ,  has  been 

The removal 

Ext rac t ion  

o u t l i n e d ,  and t h e  behavior  of Am i n  HDHoEP-dodecane has  been def ined.  

Procedures f o r  t h e  e x t r a c t i o n  of Am-Cm appear t o  be  a v a i l a b l e  b u t  are 

p resen t ly  complicated by d i f f i c u l t i e s  i n  s t r i p p i n g  t h i s  f r a c t i o n  from t h e  

e x t r a c t a n t .  

from rare e a r t h s  is  i n  progress .  

Addi t iona l  work on t h i s  problem and t h e  sepa ra t ion  of Am-Cm 
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7 .  ACTINIDE RECOVERY FROM COMBUSTIBLE WASTE 

G.  H. Thompson (Rockwell I n t e r n a t i o n a l ,  Rocky F l a t s  P l a n t )  

The objective of t h i s  &ask i s  t o  determine the reeover- 
a b i l i t y  o f  actinides from incinerator ashes. 
second year, the dis tr ibut ion o f  actinides through the 
preferred pecovery system will be measured. 

During the 

7 . 1  Summary 

A pre l iminary  l i t e r a t u r e  survey has  been completed, and a pre l iminary  

eva lua t ion  of common l each ing  and fus ion  methods shows t h a t :  

(1) Fusion wi th  commonly used r eagen t s  d i s so lves  >60% of t h e  

ash  from t h e  f luidized-bed i n c i n e r a t o r  process .  

(2) Leaching wi th  concent ra ted  n i t r i c  a c i d  d i s so lves  40 t o  

60% of t h e  same ash. 

P repa ra t ion  of plutonium-contaminated ash  is  i n  progress .  Leaching 

and f u s i o n  methods e x t a n t  i n  t h e  l i t e r a t u r e  w i l l  be  eva lua ted  when t h i s  

ash  is  a v a i l a b l e .  

7 . 2  In t roduc t ion  

The o b j e c t i v e  of t h i s  t a s k  i s  t o  eva lua te  methods f o r  recovering 

a c t i n i d e s  from i n c i n e r a t o r  a shes  us ing  c u r r e n t  technology; t h a t  is ,  t h e  

scope of t h e  work does n o t  i nc lude  development and t e s t i n g  of new methods. 

I n  a d d i t i o n ,  candida te  processes  should no t  preclude a c t i n i d e  r ecyc le ,  

cause h igh  a c t i n i d e  l o s s e s  t o  the off-gas ,  m a t e r i a l l y  inc rease  waste 

volumes, o r  have a d e l e t e r i o u s  e f f e c t  on f i n a l  waste forms being eon- 

s ide red  for long-term s t o r a g e  (concre te  and g l a s s ) .  The ideal process  



would involve leaching  wi th  n i t r i c  a c i d  s i n c e  t h i s  would permit inmediate 

r ecyc le  t o  t h e  modified Purex process  eiivvisioned f o r  wzste reprocessing.  

However, i t  is  ques t ionable  whether n i t r i c  a c i d  leaching  can provide t h e  

des i r ed  level of a c t i n i d e  recovery,  even i f  t h i s  chemical method i s  

enhanced wi th  phys ica l  methods such as u l t r a n s o n i c  a g i t a t i o n .  Therefore ,  

i t  i s  probable t h a t  two processes  w i l l  be  requi red :  a primary process  

t o  d i s s o l v e  t h e  a c t i n i d e s ,  and a secondary process  to recover  the  asti-  

n ides  i n  a medium s u i t a b l e  €o r  r ecyc le .  Because of t h i s  p r o b a b i l i t y ,  

no leaching  o r  fus ion  methods have been excluded a p r i o r i .  

a l though leaching  o r  fus ion  wi th  s u l f a t e  o r  sulfate-producing compounds 

i s  n o t  d e s i r a b l e  ( s u l f a t e  is  d e l e t e r i o u s  t o  g l a s s ) ,  t hese  methods are 

being i n v e s t i g a t e d .  I f  t h e  amount of su l fa te -conta in ing  waste i s  small 

compared wi th  the  overal l .  amount t o  be f ixed ,  such methods remain a 

v i a b l e  opt ion .  

For example, 

The ash  t o  be leached is  being produced by t h e  f luidized-bed inc in-  

e r a t i o n  (FBI)  process .  This process  uses  i n  s i t u  n e u t r a l i z a t i o n  of ac id  

gases  by t h e  bed material (Na&03), c a t a l y t i c  a f t e rbu rn ing ,  and gas 

f i l t r a t i o n  t o  produce a c l e a n  f l u e  gas wi thout  aqueous scrubbing. A 

d i s t i n c t  advantage of t h i s  system i s  the lower opera t ing  temperature 

(50OoC vs 800 t o  1000 C f o r  convent ional  i n c i n e r a t i o n ) ;  t h i s  produces 

less r e f r a c t o r y  material. 

0 

The FBI process  y i e l d s  t h r e e  types of ash  products:  a sh  from t h e  

f l u i d i z e d  bed ( i n c i n e r a t o r ) ,  recovered in t h e  primary cyclone; ash  from 

t h e  c a t a l y t i c  a f t e r b u r n e r  which burns t h e  f l u e  gas,  recovered i n  the  

secondary cyclone; and ash recovered from t h e  porous s t a i n l e s s  steel 

f i l t e r s  used t o  c l ean  t h e  gas stream p r i o r  t o  t h e  I-IEPA f i l t e r  system. 

These products  are r e f e r r e d  t o  as primary, secondary, and f i l t e r  ash, 
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7.3 Experimental 

7 . 3 . 1  Materials 

The primary, secondary, and f i l t e r  ash  being used during t h i s  i n i t i a l  

per iod i s  obta ined  from gene ra l  t r a s h  burned i n  t h e  p i l o t - s c a l e  FBI system. 

This  a s h  conta ins  no a c t i n i d e s  o r  f i s s i o n  products ;  r e s u l t s  of t h e  ana lyses  

are shown i n  Table 7.1. A l l  f u s i o n  and leaching  agents  are reagent-grade 

chemicals.  

Table 7.1.  Analyses ( i n  w t  X) of ash produced by burning 
gene ra l  t r a s h  c o n s t i t u e n t s  

Element Water- 

Ash C 1  C C r  A 1  f r a c t i o n  
i n  s o l u b l e  

Primary cyclone 4.2 18.2 0.42a 7 . 4  77.2 

Secondary cyclone 5.7 1 .6  3.50 14 .3  88.7 

F i l t e r  f i n e s  6.7 12.7 2.78 18 .3  9 4 . 3  

a Presence of chromium i n  primary a sh  i s  n o t  expla ined  s i n c e  no 
c a t a l y s t  is  used i n  t h e  f l u i d i z e d  i n c i n e r a t o r  bed. 

7 .3 .2 Procedure 

A l l  experiments w e r e  performed on a s h  which had been washed wi th  

For d i s t i l l e d  water t o  remove s o l u b l e s  and d r i e d  overn ight  a t  110'C. 

leaching  experiments,  100 m l  of l eachan t  w a s  added t o  10 g of ash 

(1 iquid :so l id  r a t i o  of 1O:l). The mixture  w a s  r e f luxed  f o r  2 hr ;  a 

t o t a l  r e f l u x  condenser w a s  used t o  prevent  l i q u i d  l o s s .  Af t e r  cool ing ,  

t h e  mixture  w a s  f i l t e r e d  o r  cen t r i fuged  and t h e  r e s i d u e  washed wi th  

%500 m l  of d i s t i l l e d  water. The r e s i d u e  w a s  d r i e d  overn ight  a t  llO°C, 

cooled i n  a d e s i c c a t o r ,  weighed, and t h e  weight l o s s  c a l c u l a t e d .  
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Two l eachan t s  have been used. The f i r s t  w a s  concentrated WQ3. 

Thc second w a s  a mixture of concentrated s u l f u r i c  and n i t r i c  a c i d s  (95 

and 5 v o l  % r e s p e c t i v e l y ) .  The la t ter  i s  the  a c i d  composition used i n  

the a c i d  d i g e s t i o n  process repor ted  by Lerch and Cooley,' and addi t ior ia l  

IINQ3 w a s  added a t  the  rate of 5 nl of HNQ3 per ha l f  hour during the  

2-hr l each  (d iges t ion )  t i m e .  

For fus ion  experiments,  10  g of f u s i o n  agent  w a s  mixed wi th  1 g o€ 

ash (so1id:ash r a t i o  of 1O:l). Fusion wi th  b a s i c  materials were done i n  

n i c k e l  crucibl-es ,  whi le  fus ions  wi th  a c i d i c  materials were done i n  qua r t z  

c r u c i b l e s ,  The c r u c i b l e s  were placed i n  a muff le  furnace  and hcatcd to  

500°C (hea t ing  rate, %2°C/rnis) .  

h r .  Af t e r  t h e  s p e c i f i e d  t i m e  t h e  samples werc removed, cooled i n  a 

des i cca to r ,  weighed, d i sso lved ,  washed, d r i e d  a t  l l O ° C  , reweighed, and 

t h e  percent  weight loss  c a l c u l a t e d ,  

The m a s s  w a s  hea ted  a t  5OO0C f o r  1/2 

Ash samples  were a l s o  f i r e d  t o  determine t h e  weight loss a t t a i n a b l e  

by t h i s  method. 

hr us ing  a Meker burner .  

t o  cool ;  a f t e r  cool-ing, they were weighed, and the  weight l o s s  was 

ca l cu la t ed .  

Weighed samples were f i r e d  i n  Alundiun c r u c i b l e s  f o r  1 

The c r u c i b l e s  were then placed i n  a des i cca to r  

7.4 Resul t s  and Discussion 

Resul t s  of t h e  leaching ,  fu s ion ,  and f i r i n g  experiments are shown i n  

Table 7.2.  The d a t a  are expressed as percent  a s h  destroyed s i n c e  ch is  ash 

conta ins  no rad ionucl ides .  

The concentrated n i t r i c  a c i d  l each  d isso lved  l i t t l e  of the ash.  

Although i t  i s  no t  poss ib l e  t o  conclude a t  t h i s  t i m e  t h a t  n i t r i c  acid- 



a Table 7.2. A s h  d e s t r u c t i o n  by leaching ,  fu s ion ,  and f i r i n g  

Method 

Ash destroyed ( w t  W )  
Temp e rat u r  e T i m e  F i l t e r  

(OC) (hr  1 P r imary Secondary f i n e s  

15.7 M - HNO3 leach Ref lux 2 57 36 5 1  

75 
(95% ?&Sot+) 

NaOH fus ion  500 0.5 66 62 63 

KHSOI, f u s i o n  5 00 0 , s  65 66 65 
K2SzO7 fus ion  500 0.5 69 75 69 

H a 2 0 2  fu s ion  5 00 0.5 80 75 70 

F i r ing  (Meker ) Q1250 2 37 44 18 

b 
-30 b HzSO4-HWO 3 d i g e s t i o n  Ref lux 2 -39 

cn 
cn 

a 

bWeight increased .  
g l a s s - l i ke  m a s s  upon drying.  

Rat io  of l e a c h  t o  s o l i d  w a s  10; r a t i o  of fus ion  agent  to s o l i d  w a s  a l s o  10. 

Residue w a s  d i f f i c u l t  t o  wash and f i l t e r ,  and s o l i d i f i e d  i n t o  a 
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l eaching  w i l l  no t  s u f f i c e  ( t e s t s  on contaminated ash are  r equ i r ed ) ,  i t  

appears  t h a t  t h e  d e s i r e d  recovery (293%)  w i l l  no t  be achieved. The 

s u l f u r i c - n i t r i c  a c i d  d i g e s t i o n  process  reduced only the amount of f i l t e r  

f i n e s  r e s idue .  The r e s idues  from t h e  primary and secondary ash  a c t u a l l y  

increased  i n  weight.  However, t h i s  may be due t o  the  d l f f i e u l t y  experi-  

enced i n  washing and f i l t e r i n g  (i.e., inadequate  washing).  

Fusion wi th  NaOH, KHSO4, K2S207, and NazO2 gave b e t t e r  r e s u l t s ,  

des t roying  from 60 t o  80% of t h e  ash.  The t i m e  and temperature used are 

t y p i c a l  of those employed i n  f u s i o n  ope ra t ions .  The NaQl-I and N a 2 0 2  are 

iiiore promising agents  s i n c e  d i s s o l u t i o n  of  t hese  materials would leave 

the a c t i n i d e s  as hydrated oxides  o r  hydroxides and t h e  r e s u l t i n g  s o l u t i o n s  

could be f i l t e r e d ,  evaporated,  and t h e  r e s idues  hea ted  t o  g ive  soda ash .  

Soda ash i s  a glass-former; t he re fo re ,  t h i s  method would n o t  i nc rease  

the f i n a l  waste volume because t h e  a d d i t i o n  of soda ash  i s  r equ i r ed  anyway. 

Also,  t hese  materials would not  add s u l f a t e  t o  t h e  wash. 

Heating wi th  t h e  Meker burner  (open c r u c i b l e )  f a i l e d  to reduce the  

ash  weight t o  t h e  ex ten t  expected, whi le  f i r i n g  would produce r e f r a c t o r y  

oxides .  

7.5 Conclusions 

From t h e  prel iminary i n v e s t i g a t i o n ,  i t  may be concluded t h a t :  

(1) Recovery of >99% of the  a c t i n i d e s  i n  i n c i n e r a t o r  r e s i d u e  

by s i m p l e  HNQ3 leaching  is  no t  probable.  

Fusion o f f e r s  t h e  b e s t  chance o f  d i s so lv ing  ash  t o  f a c i l i t a t e  

t he  recovery of a c t i n i d e s .  

Fusion wish basis. materials would appear t o  o f f e r  more 

acceptab le  w a s t e s  t o  process .  

(2) 

(3) 
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7.6 Future  Work 

Although t h e  percent  of ash  d isso lved  should g ive  an  i n d i c a t i o n  of 

t h e  r e c o v e r a b i l i t y  of  t h e  a c t i n i d e s ,  the  weight method is  by no means 

conclus ive .  Work i s  under way t o  prepare  contaminated ash t o  permit radio-  

chemical ana lys i s .  Two ashes  w i l l  be used: an  i n t e r i m  ash ,  prepared by 

contaminating co ld  ash  w i t h  plutonium n i t r a t e  and oxide and f l u i d i z i n g  

t h e  r e s u l t i n g  mixture  a t  Q50 C; and a c t u a l  contaminated ash ,  prepared by 

adding plutonium t o  combustible waste and burning i t  i n  a labora tory-sca le  

FBI system. I n  a d d i t i o n  t o  t h e  genera l - t rash  ash  being used i n  tests, 

ash  produced by i n c i n e r a t i o n  of i on  exchange r e s i n s  and spent  so lven t s  

w i l l  be  inves t iga t ed .  The methods being developed us ing  co ld  ash  w i l l  

b e  used f o r  each type of ash.  

0 

The primary i n v e s t i g a t i o n  of leaching  and fus ion  methods i s  scheduled 

t o  b e  completed by t h e  end of March. 

more ex tens ive ly  inves t iga t ed  from A p r i l  u n t i l  t h e  end of FY 1977. FY 1978 

w i l l  be spent  i n  i n v e s t i g a t i n g  and documenting t h e  candida te  recovery 

p rocess (e s ) .  Determination of a c t i n i d e  l o s s e s  t o  t h e  off-gas system 

Promising recovery methods w i l l  be  

w i l l  be  made concurren t ly  w i t h  leaching  and fus ion  experiments us ing  

contaminated ash.  

7.7 Reference f o r  Sec t ion  7 

1. C. R. Cooley and R. E .  Lerch, “The Acid Diges t ion  Process  f o r  
Treatment of Combustible Wastes,” i n  Management of Plutonium- 
Contaminated So l id  Wastes, Proceedings of t h e  N.E.A. Seminar 
a t  Marcoule, 1974, Nuclear Energy Agency, Organizat ion f o r  
Economic Cooperation and Development, P a r i s ,  1974, pp. 172-85. 
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8 e ACTINIDE RECOVERY AND RECYCLE PREPARATION 
FOR WASTE STREAMS 

J. D.  N a v r a t i l ,  L .  L.  Martella, and C .  E .  Plock (Rockwell I n t e r n a t i o n a l ,  

Rocky F i a t s  P l a n t )  

The objective o f  Lhis h s k  is Lo deeemine the feas?:h?:Zity 
of removing actinides fiom secon.dary ac;rzdeou.s uas t e  streams 
l i ke l y  t o  be produced d m i n g  reactor fueZ fabrication and 
repmcessing. 
entitZed "SaZt Water Ma-mgmentvF and 'Qc id  and Waste Water2 
Management." Evczluat-ion o f  metlwds f o r  the salt waste and 
ms ta -mter  streams and recycZa preparation problems will be 
the major emphasis o f  this task.  

The uasbe streams are pari: of b o  flousheets 

8 . 1  In t roduc t ion  

This i s  a new p r o j e c t  a t  Rocky F l a t s ;  thus  no p r : i ~ r  work h a s  been 

done.. However, o t h e r  programs which are r e l a t e d  t o  t h i s  p r o j e c t  have 

been ir?ntler development. 

Work on decreas ing  t h e  plutonium concen t r a t ion  i t a  1.i.qui.d waste streams 

has been under way f a r  the p a s t  four  yea r s  a t  Rocky Fl.ats.  Plutonium 

concent ra t ions  in a c i d i c  waste streams have been decreased from lom3 t o  

g f l i t e r  by a p p l i c a t i o n  o f  evapora t ion  techniques coupled wi th  anion 

exchange. Development of a secondary americium process us ing  a btdentate 

organnphosphorous e x t r a c t a n t  has a l s o  been under i n v e s t i g a t i o n  for t h e  

p a s t  yea r .  These processes have been designed f o r  use  i n  a new $140 

million plutonium recovery f acil.ib~y, 

Complete waI:c:r r ecyc le  w i l l  be u t i l i z e d  i n  a new w a t e r  recovery 

f a c i l i t y  a t  Rocky F l a t s .  The water w i l l  b e  p u r i f i e d  by reverse os~nos i s ,  

which has been under devel.opmenic at Rocky Flats for the past five yea r s .  
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8.2 S a l t  Waste Management 

Figure 8.1 p re sen t s  a conceptual  f lowsheet  f o r  sa l t  waste management. 

Although f u e l  reprocess ing  waste streams are shown, i t  is  envis ioned that: 

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

similar manner. 

whereas i t  may be  necessary t o  treat t h e  t r i b u t y l  phosphate (TBY) sc rub  

by another  process.  An organic  removal s t e p  may be  needed; thus  inves t -  

i g a t i o n s  of organic  removal processes  f o r  waste water could apply he re .  

Three experimental  approaches are p resen t ly  planned f o r  processing 

The cool ing  water w i l l  be  s e n t  t o  w a t e r  p u r i f i c a t i o n ,  

s a l t  wastes: b i d e n t a t e  e x t r a c t i o n ,  combined t r i b u t y l  phosphate--bidefitate 

e x t r a c t i o n ,  and c a t i o n  exchange. Tes t ing  of a b i d e n t a t e  organophosphorus 

so lven t  e x t r a c t i o n  f o r  determining t h e  f e a s i b i l i t y  of removing a c t i n i d e s  

from salt  w a s t e  streams has  been i n i t i a t e d .  

diethylcarbamylmethylene phosphonate is  being eva lua ted  i n  a ba tch  con- 

The e x t r a c t a n t  dihexyl-N,N- 

r a c r o r  as w e l l  as on a macroporous so rben t  suppor t  using an e x t r a c t i o n  

chroma tog r aph i  c technique. 

Impure (%50%) DHDECMP w a s  ob ta ined  from t h e  Wateree Chemical Company, 

Lugoff,  Scuth Caro l ina .  The impure DHDECMP con ta ins  an impuri ty  which 

prevents  e f f i c i e n t  s t r i p p i n g  of a c t i n i d e s  a t  low a c i d i t y .  This  impuri ty  

w a s  removed by passing 30 vol  % D H D E W - C C l 4  through a bed of Amberlyst 

A-26 (a macro re t i cu la r ,  strong-base,  an ion  exchange r e s i n  i n  the  

hydroxide form). Americium e x t r a c t i o n  c o e f f i c i e n t s  of t he  DHDECMP before  

and a f t e r  impur i ty  removal are shown i n  Table 8.1. 

*Product of t h e  Rohm and H a a s  C o . ,  Phi l ade lph ia ,  Pa. 
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BISSOLVER . 1 NC I N E R A T I O N  

Fig. 8.1. Conceptual flowsheet for s a l t  waste management. 
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Table 8.1. A m e r i c i u m  e x t r a c t i o n  c o e f f i c i e n t s  of impure DHDECMP-CCIh 
befo re  and a f t e r  r e s i n  t rea tment  

a Americium e x t r a c t i o n  c o e f f i c i e n t s  
of DHDECFlP (vo l  X )  

R e s  i n  HNo 3 
t rea tment?  (MI 30 50 70 100 

Yes 

Y e s  

0.35 0.09 0.42 1 . 3  3 . 3  

7 .O 1.9 15 43 53 

116 

68 

--- --- No 0.35 125 

No 7 .O 5.5 --- --- 

a Estimated accuracy, ?25%. 

Ex t rac t ion  c o e f f i c i e n t s  f o r  uranium, plutonium, and americium vs  

n i t r i c  a c i d  concen t r a t ion  are shown i n  F ig .  8.2. The va lues  f o r  uranium 

a t  5,  7 ,  and 9 - M HN03 w e r e  a l l  >lo3 (and hence are o f f  t h e  top of t h e  

f i g u r e ) .  

t h a t  uranium s t r i p p i n g  r eagen t s  o t h e r  t han  water or dilute HNO3 w i l l  be  

needed. However, t h e  DHDECMP could s t i l l  con ta in  i m p u r i t i e s  causing t h e  

The high uranium e x t r a c t i o n  c o e f f i c i e n t s  a t  low a c i d i t y  i n d i c a t e  

high uranium e x t r a c t i o n  a t  l o w  a c t i v i t y .  

8.3 Waste-Water Management 

A determina t ion  of t h e  f e a s i b i l i t y  of us ing  reverse osmosis (RO) 

f o r  w a t e r  p u r i f i c a t i o n  has  been i n i t i a t e d .  

t u a l  f lowsheet  f o r  p u r i f i c a t i o n  of waste water conta in ing  i n s i g n i f i c a n t  

q u a n t i t i e s  of co r ros ive  an ions  and low concent ra t ions  of i m p u r i t i e s  and 

r a d i o a c t i v i t y .  This conceptual  f lowsheet  could also apply eo any 

t r i t i a t e d  w a s t e  stream. 

Figure  8.3 shows t h e  concep- 
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A 0.001 g /L  AMERICIUM FEED -1 
I._.. i I 1 I .......... L.-- I I 

2 4 6 8 I C )  12 
HN03 (M-1 

Fig. 8.2. Effect o f  nitric acid concentration QPP actinide 
extraction coefficients. 
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Fig .  8 . 3 .  Conceptual f lowsheet  f o r  p u r i f i c a t i o n  of waste water 
conta in ing  n e g l i g i b l e  q u a n t i t i e s  of anions and low concent ra t ions  of 
i m p u r i t i e s  and r a d i o a c t i v i t y  . 



The RO method i s  capable  of reducing t h e  volume o f  a waste s t r e a m  by 

as much as 95%. The reduct ion  of t h e  waste stream w i l l  depend on t h e  

osmotic pressure  of t h e  impur i t i e s  i n  the  b r i n e  generated and on the  com- 

p o s i t i o n  of t h e  impur i t i e s  i n  the  waste stream. I f  t he  concent ra t ion  of 

t he  i m p u r i t i e s  is  high, t h e  osmotic p re s su re  will be  high, r e s u l t i n g  i n  

a decrease i n  the  f l u x  and des i r ed  water recovery.  I5 t h e  impur i t i e s  i-n 

t h e  waste stream are substances wi th  l o w  s o l u b i l i t i e s ,  such as s i l i ca  

and t h e  salts  of calcium, barium, and s t ront ium,  t h e  p o s s i b i l i t y  05 

s c a l i n g  t h e  membranes i s  increased ,  I f  scal . ing does t ake  p l ace ,  .the 

f 1 . u ~  w i l l  be  reduced. 

The advantages of RO are t h a t  it i s  a low-energy-consuming process ,  

waste-water stream adjustment i s  minimal and t h e  quan t i ty  of coml~us%ible 

waste generated is  s m a l l .  

Figure 8.4 shows t h e  conceptual flowsheet f o r  p u r i f i c a t i o n  of waste 

water conta in ing  s i g n i f i c a n t  q u a n t i t i e s  of anions and/or  de t e rgen t s .  

methods planned f o r  f lowsheet  t e s t i n g  inc lude  adsorp t ion ,  RQ, u l c r a f i l t r a -  

t i o n ,  ion  exchange, and combinations the reo f .  The flowsheet a p p l i e s  t o  

both t r i t i a t e d  and n o n t r i t i a t e d  waste streams. 

The 

U l t r a f i l t r a t i o n  (UF) methods would be  used mainly f o r  t h e  removal 

o f  de t e rgen t s  and would need t o  be coupled wi th  an  anion removal step, 

such as RO. 

waste materials f o r  i n c i n e r a t i o n  as compared wi th  absorption--ion exchatige 

methods. 

Use of UF and/or  RO methods would reduce the q u a n t i t i e s  of 
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SOLVENT 8 
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I NC I NERATOR 
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WATER TO 
Ac I D RECOVERY 

EVAPORATOR 

WASTE F I LTRAT I ON I 
BR I NE-SPRAY 

DRY, INC~NERATE 

A I  

Fig. 8.4.  Conceptual flowsheet f o r  purification of waste water 
containing significant quantities of anions and/or detergents. 



8.4 Future Work 

A b i d e n t a t e  e x t r a c t i o n  process  will be evaluated f o r  processing 

s a l t  wastes. 

waste t o  determine a c t i n i d e  decont,mination factors. During the i n v e s t i -  

g a t i o n  with s y n t h e t i c  waste s o l u t i o n s ,  problems of  a c i d i f y i n g  and d i g e s t i n g  

t h e  sa1.t wastes w i l l  be  i n v e s t i g a t e d .  

New and recycled e x t r a c t a n t s  w i l l  be  t e s t e d  wi th  synthetic 

Adsorption materials will. be  eva lua ted  f o r  removing de tergents  and 

corms i.ve anions from waste--water streams Conceptual f lowsheets  f o r  

RO, UF, and ion  exchange will a l s o  be evaluated.  
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9 .  RADIATION EFFECTS 

T.  E .  Gangwer and M. Golds te in  (Brookhaven Nat ional  Laboratory) 

This task exmines the formation o f  rtxdiation produc t s  
i n  waste streams encountered i n  f u e l  reprocessing and, 
refahrZcation pZants whieh operate with a high degree 
of stream recycle. 
predicting the fornation o f  ehemicaZ species which 
interfere  with process operations or r w u l t  i n  
operating hazards. 

AnuZysis w i l l  provide methods of 

During t h i s  r e p o r t  per iod ,  Brookhaven Nat ional  Laboratory completed 

a review of t h e  l i t e r a t u r e  p e r t a i n i n g  t o  e f f e c t s  of i o n i z i n g  r a d i a r i o n  

on t h e  degrada t ion  of chemical r eagen t s  used i n  p a r t i t i o n i n g .  

has  been d iv ided  i n t o  t h r e e  b a s i c  ca t egor i e s :  

T h i s  re~d-few 

(1) i o n  exchange materials, 

(2)  miscel laneous,  and ( 3 )  so lven t s .  

9 . 1  Ion  Exchange Materials 

During t h e  pas t  30 yea r s ,  i o n  exchange technology has  assumed 

increased. importance i n  connection wi th  the  processing of s o l u t i o n s  

conta in ing  r a d i o a c t i v e  materials. 

changes i n  t h e  chemical and phys ica l  p r o p e r t i e s  of ion  exchange m a t e -  

r ia ls ,  which generally r e s u l t  i n  a d e t e r i o r a t i o n  o f  t h e  ion exchange 

capac i ty .  

involve some type  of degradat ion (change i n  exchange capac i ty ,  swelling 

tendency, change i n  s e l e c t i v i t y  of s o r p t i o n ,  and changes i n  exchange 

The ion iz ing  r a d i a t i o n  produces 

The experimental  cond i t ions  r epor t ed  i n  t h e  l i t e r a t u r e  

k i n e t i c s )  of a p a r t i c u l a r  ion  exchange material as a func t ion  of the 

type of dose (alpha, beta, or  gamma). 

L i t t l e  a t t e n t i o n  w a s  paid t o  the chemical products  o r  the  particular 

chemical changes i n  f u n c t i o n a l  groups on the i on  exchange materials unt i l .  
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May 1976,  when two workers i n  Hanford (Building 2422) were contaminated 

wi th  americium because of an  explosion.  

caused by che r e a c t i o n  of h ighly  i r r a d i a t e d  ion  exchange material i n  a 

column wi th  7 . 3  I M HNO3. 

causes  severe  degradat ion i n  t h e  capac i ty  of most conimercial o rganic  

i o n  exchange materials. This i s  caused p r imar i ly  by chain s c i s s i o n ,  

c ross - l ink ing  o r  d e s t r u c t i o n  of t he  func t iona l  groups, and secondary 

r e a c t i o n s  wi th  r a d i c a l s  and in te rmedia tes ,  gene ra l ly  generated from t h e  

miscel laneous materials contained i n  t h e  solve-nts.  These degrada t ion  

processes  gene ra l ly  inc lude  gas evo lu t ion ,  changes i n  degree of s a t u r a t i o n ,  

ox ida t ion  as w e l l  as molecular rearrangement,  and changes i n  po ros i ty  

and co lo r .  

This  explosion may have been 

The high i n t e r n a l  dose,  which i s  about LO8 r ads ,  

Ce r t a in  inorganic  ion  exchangers have r e c e n t l y  become of  i n t e r e s t  

f o r  the  s e p a r a t i o n  of r ad ioac t ive  materials because of t h e i r  much h igher  

r e s i s t a n c e  t o  r a d i a t i o n  damage ( i . e *  

s i g n i f i c a n t  degradat ion occurs ) .  

i nc lude  zirconium phosphate, molybdate, t u n g s t a t e ,  zirconium and t i n  

oxide and hydroxides,  n ioba te s ,  and t i t a n a t e s ,  have a h igh  r e s i s t a n c e  

t o  hea t  as w e l l .  Thus t h e  inorganic  i o n  exchange r e s i n s  would, at f i r s t  

glance,  appear t o  o f f e r  some pr ime  advantages over  t he  more-conventional. 

o rganic  ion  exchange r e s i n s .  

approximately 10” r ads  before  

These inorganic  ion  exchangers,  which 

A review document on t h i s  s u b j e c t  i s  being prepared i n  an at tempt  

t o  sys temat ize  t h e  d a t a  a v a i l a b l e  on t h e  r a d i a t i o n  chemistry of ion  

chanqe material. Mechanisms of r a d i a t i o n  chemical t ransformation w i l l  also 

be examined i n  the  hope of p r e d i c t i n g  and prevent ing  t h e  formation of 

explos ive  materials. For example, i t  i s  known. t h a t ,  In  the. presence of 

ex- 
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oxygen, peroxides  may be formed by i r r a d i a t i o n  of organic  ion  exchange 

materials. 

un le s s  they are decomposed as r a p i d l y  as they are formed o r  are reac ted  

wi th  some scavenger material i n  t h e  column. 

Some of t h e s e  peroxides  could p re sen t  a n  explosion hazard 

I n  o rde r  t o  understand t h e  r a d i a t i o n  chemistry t h a t  i s  tak ing  

p l a c e  wi th  these  complicated r e s i n  systems, one must look a t  t h e  funda- 

mental p r i n c i p l e  of r a d a i a t i o n  chemistry and e x t r a p o l a t e .  This  is  due 

t o  the l a c k  of experimental  i n v e s t i g a t i o n  of t h e  chemistry.  Some evi- 

dence tel ls  us t h a t  t h e  r a d i c a l  formed i n  s o l u t i o n ,  such as *OH, N O O - ,  

HNOO-, e t c . ,  con t r ibu ted  s i g n i f i c a n t l y  t o  t h e  degrada t ion  mechanisms; 

thus  t h e  degrada t ion  products  formed. 

A sample of some of t h i s  r a d i a t i o n  chemistry f o r  several i n t e r e s t i n g  

miscel laneous compounds i s  given below. 

9 .2  Miscel laneous 

9 .2 .1  Carboxylic a c i d s  

For carboxyl ic  a c i d s ,  t h e  bond most s u s c e p t i b l e  t o  r a d i a t i o n  cleavage 

i s  t h e  carbon-carbon bond l i n k i n g  t h e  carboxyl  groups t o  t h e  main chain.  

Hydrogen and carbon d ioxide  are l i b e r a t e d  on i r r a d i a t i o n ,  l eav ing  as a 

p r i n c i p a l  product t h e  s a t u r a t e d  hydrocarbon wi th  one carbon less than 

the o r i g i n a l  a c i d  (and i t s  corresponding dimer a t  s u f f i c i e n t l y  h igh  

carboxyl ic  a c i d  concen t r a t ions ) .  

Radio lys i s  of carboxyl ic  a c i d s  i n  t h e  presence of oxygen prevents  

combination of carbon r a d i c a l s  t o  form products  of  h ighe r  molecular 

weight;  ox id ized  products  are formed i n s t e a d .  Thus, i n  the. presence of 

oxygen, formation of peroxides ,  hydroperoxides,  and aldehydes begins  t o  

occur.  
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The r a d i a t i o n  chen i s t ry  of  aqueous formic a c i d  s o l u t i o n s  has  been 

ex tens ive ly  inves t iga t ed  and shows f e a t u r e s  which may be  regarded as 

typica l  f o r  organic  compounds i r r a d i a t e d  i n  aqueous s o l u t i o n .  For t h i s  

reason,  a review of the  r a d i a t i o n  chemistry o f  t h i s  system w i l l  serve as 

a good foundat ion on which t o  b u i l d  our understanding of (she r a d i a t i o n  

chemistry of t he  carboxyl ic  a c i d s  i n  par  tricular and of o rganic  molecule.; 

i n  genera l .  

9.2.2,  Radiat ion chemistry of Jormic a c i d  (HCOOH) 

The oxida t ion  of formic a c i d  i n  a c i d  s o l u t i o n  shows features ~7hich 

may b e  regarded as t y p i c a l  f o r  organic  compounds i r r a d i a t e d  i n  aqueous 

ssluttons . I n  deoxygenated a c i d  s o l u t i o n s ,  hydrogen and carbon d ioxide  

are produced i n  approximately equal  amounts and are independent of f o m i c  

ec fd  concent ra t ion  i n  t h e  range 0.001 t o  0.01 $. 

are dependent on pH where i t  is  noted t h a t  carbon monoxide i s  a l s o  2 

product €o r  t h e  more a c i d i c  s o l u t i o n s .  

r a d i c a l s  react wi th  formic a c i d .  Thus, f o r  a c i d i c  aqueous ~ ~ l i i t i o n ~ ,  

t:he radiat ion-induced d i s s o c i a t i o n  of w a t e r  i n t o  f ree  radi-cal and molec- 

The molecular products  

Both hydrogen atoms and hydroxyl 

ul.ar products ,  

i s  followed by t h e  r e a c t i o n s  

11. + HCOOH --* H2 + HOOC 

NO* + HCOOH ---f H 2 0  -5 HOOC 

2 HOOC I-ICOOH + CO2, 
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g iv ing  t h e  n e t  r e a c t i o n  

HCOOH --+ H2 + C 0 2 .  

The formate ion,  HCOO-, reacts 230 i m e s  f a s t e r  wi th  hydrogen a 3ms and 

4 t i m e s  f a s t e r  w i t h  hydroxyl r a d i c a l s  than  does t h e  undissoc ia ted  formic 

a c i d  HCOOH. Thus, as t h e  pH inc reases ,  t h e  y i e l d s  of  HZ and (20.2 f a l l  

o f f  due t o  the  competing r eac t ions :  

- 
H *  + HCOO- Hz  + *COO 

HO- + HCOO- HO- 4- HOOC* 

- 
2.coo- - ooccoo- 

I n  t h e  presence of oxygen, t h e  y i e l d  o f  H2 i s  reduced whi le  the 

y i e l d  of H 2 0 2  is  increased  cons iderably .  The e f f e c t  of oxygen is  a t t r i b -  

u t ed  t o  t h e  removal of hydrogen atoms and -COOH r a d i c a l s  by t h e  r e a c t i o n s  

H* I- 0 2  ---+ HOO. 

*COOH + 0 2  HOO* + C02, 

followed by e i t h e r  

*COOH + HOO* - H 2 0 2  + Con, 

giv ing  as t h e  net r e a c t i o n  i n  the  presence of oxygen: 
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Increases  i n  t h e  formic a c i d  concent ra t ion  and/or  s o l u t i o n  a c i d i t y  f o r  

those  s o l u t i o n s  r e s u l t  i n  increased  oxygen consumption and H 2 0 2  formation 

and lower C02 1- H2 y i e l d s .  

When s m a l l  amounts of hydrogen peroxide are  p resen t ,  t h e  i r r a d i a t i u n -  

induced decomposition of formic a c i d  s o l u t i o n s  r e s u l t s  i n  dramatic  changes 

i n  t h e  product y i e l d s .  

The chosen formation oE C 0 2  apparent ly  proceeds through t h e  r e a c t i o n s  

*COOH + H202 _I) C 0 2  + *OH + H2Q 

*COO- f I1202 ------+. C 0 2  4- *OH f OH", 

g iv ing  t h e  overal.1 coupled oxidat ion-reduct ion r e a c t i o n  

HCOOH f E1202 4 2H20 4- CO2.  

A t  l o w  H 2 0 2  concent ra t ions ,  t h e  chain i s  terminated by the  r e a c t i o n  of 

rCOOH and 

t h e  chain-terminating s t e p s  are: 

COO- r a d i c a l s  w i th  i m p u r i t i e s ,  whi le  a t  h igh  H 2 0 2  concent ra t ions  

*OH + H 2 0 2  4 H 2 0  + HOO* 

Addition of inorganic  ions  t o  formic a c i d  s o l u t i o n s  changes t h e  

radiat ion-induced cha in  r e a c t i o n  mechanism. This can r e s u l t  i n  large 

changes i n  product y i e l d s .  For  example, formic a c i d  reacts wi th  f e r r o u s  

ions  and oxygen under i r r a d i a t i o n ,  g iv ing  a G(Fe ) of 300. The o v e r a l l  

r e a c t i o n  is :  

3+ 

HCCOH + 2 Fe2+ + 0 2  1- 2H' 1__ol C 0 2  + 211120 -1- 2Fe3', 
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which means t h a t  t h e  decomposition of formic a c i d  has been increased  by 

approximately a f a c t o r  of 50 wi th  r e s p e c t  t o  h igh-ac id i ty  s o l u t i o n s  

without  f e r r o u s  ions .  

9.2.3 Radia t ion  chemistry of o x a l i c  a c i d  (HOOCCOOH) 

Oxal ic  a c i d  y i e l d s  formic a c i d ,  carbon d ioxide ,  and hydrogen when 

i r r a d i a t e d  i n  aqueous s o l u t i o n s .  The y i e l d s  f o r  d e s t r u c t i o n  of o x a l i c  

a c i d  are about  t h e  same f o r  neut ron  (G = 5.2) o r  gamma-ray (G = 4 . 9 )  

i r r a d i a t i o n .  I n  t h e  presence of metal i o n s ,  a coupled oxidat ion-reduct ion 

system i s  formed such t h a t  t h e  o x a l i c  a c i d  reacts by a cha in  mechanism 

when i r r a d i a t e d  wi th  X-, beta-  o r  gamma-rays. The G(C02) w a s  found t o  

increase from 4 t o  7.5 as t h e  o x a l i c  a c i d  concen t r a t ion  increased  from 

t o  0 .1  - M. The G(H2) decreased from 1.5 t o  0.5 over t h e  same range. 

The y i e l d  of carbon di-oxide w a s  r epor t ed  t o  decrease as t h e  pH w a s  

increased  from 3 t o  7,, A d e t a i l e d  s tudy  of t h e  o x a l a t e  system w a s  car-  

r i e d  ou t  €or  s o l u t i o n s  over  t h e  pH range of 0.5 t o  2.0. Doses employed 

ranged frlom one m i l l i o n  t o  one hundred m i l l i o n  r ads  f o r  t h e s e  a i r - f r e e  

s o l u t i o n s .  For s o l u t i o n s  conta in ing  o x a l i c  a c i d  a t  concent ra t ions  of 

0.02 3 o r  h igher ,  t h e  observed product y i e l d s  w e r e  G(C02) = 7.8 ,  G(H2) = 

0.46, G(CH20) = 0.08, and G(CHOCH0) = 0.004, which corresponded t o  the  

decomposition of 4.9 molecules of  o x a l i c  a c i d  per  hundred e l e c t r o n  v o l t s  

of energy depos i ted  [ i . e . ,  G(-HzC204) = 4.91. 

of temperature and dose rate. 

inc reas ing  pH above 2, becoming cons tan t  a t  1.96 over  t h e  5 t o  10  pH range. 

The change i n  y i e l d  was a t t r i b u t e d  t o  the change i n  form of t h e  oxa la t e  

from t h e  molecule H 2 C 2 0 4  t o  t h e  ion  C 2 0 1 + ~ - .  

doses i n  a i r - s a t u r a t e d  s o l u t i o n s  a t  pH below 2, t he  y i e l d s  w e r e  G(C02) = 

5.6 ,  G(H2) = 0.46, G(H202) = 4.0 ,  and G(-H2C204) = 2 . 9 .  

The y i e l d s  were independent 

The va lue  f o r  G(IH2C204) decreases  wi th  

For i r r a d i a t i o n  a t  lower 
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For  examplc, reduct ion  of mercuric  c h l o r i d e  by o x a l i c  a c i d  is a 

r,7eIl-known cha in  r eac t ion .  I n  the  presence of 5 x 

i-eaction y i e l d s  a G ( C 0 2 )  O F  1.80, which i s  independent of r a d i a t i o n  in ten-  

s i t y  and t lw concent ra t ions  of reagents  over a cons iderable  rangc. This 

c-hairi r e a c t i o n  is q u i t e  s e n s i t i v e  of impur i t i e s .  

M I). Fe3', Eler's 

9 .2 .4  Radiat ion chemistry o f  g l y c o l i c  a c i d  (HOCH2COOH) 

G a m i a  i r r a d i a t i o n  of d i l u t e  (0.01. M) ... " , aqueous g l y c o l i c  a c i d  sol-utions 

y i e l d  wa'lcr: hydrogen, and t a r t a r i c  a c i d  as the  main products a Secondary 

p r o d u c t s  formed are c x a l i c  a c i d ,  formic a c i d ,  and carbon d ioxide ,  The 

y i e l d  of hydrogen gas reaches a rnaxi.mum va lue  of 4 . 2  between 0.01. arid 

0.5 M __. glyc~o1.i.c a c i d  a t  pH I= 1 and decreases  r ap id ly  upon f u r t h e r  concen- 

t i ra t ion inc reases .  A t  pH 4 . 2 ,  t h e  yie1.d f o r  0.01 M .-- s o l u t i o n s  i s  G ( H 2 )  = 

2 , O .  

Aqueous g l y c o l i c  a c i d  s o l u t i o n s  i r r a d i a t e d  i n  the  presence of oxygen 

g i v e  glyoxyl.ic a c i d  (HCOCO 2HH) and i t s  degradat ion and oxida t ion  products  

a s  thp. main spec ie s ,  w i th  the  formation of  tartaric a c i d  suppressed. 
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10.  N E E  AND TARGET FABRICATION STUDIES 

J. P .  Drago and D.  W. Tedder (Oak Ridge Nat iona l  Laboratory) 

This t a s k  i d e n t i f i e s  p r i m a r y  and seeondary transuranic 
uaste streams and evaZwztes waste treatment processing 
options for fabrication p Z a n t s  that  are operated undm 
the actinide partitioning eoneept. 
ment fZowsheets W i l l  be prepared fo r  use i n  a detailed 
cost estimate o f  these p'lants. 

Chem<caZ and equip- 

A s tudy  w a s  i n i t i a t e d  t o  determine probable  chemical f lowsheets  f o r  

handl ing the  primary and secondary t r ansu ran ic  waste streams from an LWR 

mixed-oxide (MOX) f u e l  f a b r i c a t i o n  p l a n t  t h a t  w a s  operared under the  

a c t i n i d e  p a r t i t i o n i n g  concept.  The model p l a n t  receives uranium and 

plutonium oxides ,  mechanical ly  blends t h e  oxides ,  p re s ses  t h e  powder i n t o  

p e l l e t s ,  and i n s e r t s  t h e  p e l l e t s  i n t o  f u e l  rods.  The p l a n t  a l so  reproc- 

esses and r e c y c l e s  sc rap ,  and processes  and packages a l l  r a d i o a c t i v e  wastes 

generated on si te.  Volumes, a c t iv i t i e s ,  and q u a n t i t i e s  of  MOX material 

on combustible and noncombustible t r a s h  and HEPA f i l t e r s  w e r e  obtained 

from ERDA-76-43. 

include:  leaching  of a c t i n i d e s  from i n c i n e r a t o r  ashes ,  HEPA f i l t e r s ,  

and noncombustibles; d i s s o l u t i o n  of o f f - s p e c i f i c a t i o n  contaminated scrap ;  

so lven t  e x t r a c t i o n  p u r i f i c a t i o n  of  uranium and plutonium; n i t ra te - to-oxide  

conversion; i n c i n e r a t i o n  of combustibles;  and a c i d  and water r ecyc le .  

I n c i n e r a t i o n  of combustibles is  requ i r ed  t o  f a c i l i t a t e  a c t i n i d e  recovery,  

reduce waste volumes, and produce a s t a b l e  waste form acceptab le  f o r  

geologic  i s o l a t i o n .  

Unit  ope ra t ions  suppor t ing  a MOX f a b r i c a t i o n  p l a n t  

Reference conceptual  f lowsheets  f o r  t h i s  system suppor t ing  a MOX 

p lan r  have been prepared and w i l l  be  presented  i n  a pre l iminary  assessment 

of t h e  concept t o  be  publ ished i n  t h e  near  f u t u r e .  
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11. LMFJ3R TRANSMUTATION STUDIES 

M. L.  W i l l i a m s  and J. W. Mddoo (Oak Ridge Nat iona l  Laboratory) 

The objective of t h i s  task i s  bo examine .tAe in-  
reactor aspects o f  Zong-l.l:ved nuc2ide transmutation 
i n  projected comercicxl LMFRKs. i?wing FY 1977, t h i s  
subtask w i l l  be concerned with scoping studies 
Zeading t o  the dztemi-mtion o f  o m  or tuo preferred 
transmutation modes which w i l l  be exmined in detui l  
i n  FY 1.978. 

The s e l e c t e d  r e a c t o r  conf igura t ion  i s  based on a model of a 1200- 

W(e )  commercial LMFBR used i n  t ransmutat ion s t u d i e s  by Beaman,' wi th  

t h e  fol lowing modi f ica t ions  : 

1. The s t ruc tu ra l .  material w i l l  be s t a i n l e s s  steel  316 wi th  t h e  

same volume f r a c t i o n  as t h e  s t r u c t u r e  i n  r e f .  1. 

2.  'The i n i t i a l  oxide core  (d r ive r )  f u e l  w i l l  be composed of 

plutonium discharged €rom a uranium-enriched LWR (55% 

239Pu, 25% 21toPu, 15% 241Pu, 6% 2 4 2 P u )  and deple ted  

uranium (0,25% 5U) . 
3 .  Axial. and r a d i a l  b l anke t s  will i n i t i a l l y  conta in  deple ted  

uranium only .  

Deplet ion c a l c u l a t i o n s  have been performed on t h i s  r e a c t o r  i n  RZ 

2 geometry by us ing  t h e  CITATION computer code and f i v e  energy group 

ENDF/B-IV c ross  s e c t i o n s ,  and by assuming t h a t  t h e  LMFBR re load  f u e l  

i s  enriched with the plutonium discharged from the r e a c t o r .  These 

c a l c u l a t i o n s  l e a d  t o  the fol lowing equil-ibrium K e s I l l t S  : 

Reactor power -- 1200 MW(e); 3430 MW(t) 

Average d r i v e r  f u e l  burnup -- 110,000 MW/tonne heavy metal 

Cycle length  -- 270 full-power days 
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Capacity f a c t o r  -- 0.80 

Fuel  management -- Refuel one-third of co re  p l u s  a x i a l  b lanket  

and one-sixth of r a d i a l  b l anke t  every 270 

full-power days.  

Future  c a l c u l a t i o n s  w i l l  be based on pre l iminary  ENDF/B-V c r o s s  

s e c t i o n s  c u r r e n t l y  a v a i l a b l e .  These c ros s  s e c t i o n s  are being processed 

a t  t h e  p re sen t  t i m e  and should be a v a i l a b l e  i n  January 1 9 7 7 .  

11.1 References f o r  Sec t ion  11 

1. Cooperative Nuclear Data and Methods Development Third Quar te r ly  
Report January - March 1976, GEAP-14074-3 ( A p r i l  1 9 7 6 ) .  

2.  T. B.  Fowler and D. R.  Vondy, Nuclear Core Analysis  Code: CITATION, 
ORNL/’LIM-2496, Rev. 2 (July 1971) .  
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1 2 .  THERMAL REACTOR TRANSMUTATION STUDIES 

E .  J. Hennelly and T. C .  G o r r e l l  (Savannah River Laboratory) 

The objective of t h i s  subtask is t o  exmine the in-reactor 
aspects o f  long-lived *nuclide transmutation i n  -thermal 
reactors. 
the principal reactor tgpes  exanzned, although rrCANDU’r 
a d  high-power-density OSRL production type) themal  
reactors i J i Z 7 ,  aZso be examined. k z i n g  FY 1977, t h i s  
subtask w i l l  be conceriied with scopirrg studies leading 
t o  the deteminat ion of one or &o preferred thermal 
reactor transmutation modes uhich w i l l  be examined i n  
de ta i l  i n  FY 2978. 

Uranium- m d  plutonium-enriched LWRs w i l l  be 

F i n a l  approval  w a s  rece ived  i n  mid-December 1976,  thus  l i m i t i n g  

progress  f o r  t h i s  per iod.  However, as p a r t  of another  program and i n  

a n t i c i p a t i o n  of approval  of t h i s  program, t h e  ORTGEN f i s s i o n  product 1 

and dep le t ion  code w a s  made ope ra t iona l  on t h e  SRL 360/195. This code 

w i l l  be  u s e f u l  i n  the  f u t u r e  f o r  intercomparison of a c t i n i d e  dep le t ion  

c a l c u l a t i o n s  wi th  o the r  l a b o r a t o r i e s .  I n  add i t ion ,  comparison of 

uranium dep le t ion  and plutonium bui ldup c a l c u l a t i o n s  f o r  PWRs w a s  made 

wi th  d e t a i l e d  experimental  da t a  on Yankee and H .  B ,  Robinson f u e l  using 

GLASS (an i n t e g r a l  t r a n s p o r t  dep le t ion  code) and 84 energy group c ross  

s e c t i o n s .  These s t u d i e s  were begun i n  support  of LWR programs being 

adminis tered by SRL. We plan. t o  inco rpora t e  t h e  r e s u l t s  of  these  dep le t ion  

and bui ldup s t u d i e s  as benchmark c a l c u l a t i o n s  f o r  use by ORNL t o  improve 

the  c ros s  s e c t i o n  inpu t  t o  ORIGEN. S tud ie s  w i l l  begin next  qua r t e r  on 

benchmark GLASS dep le t ion  s t u d i e s  f o r  a c t i n i d e  burnup i n  PWR l a t t i c e s .  

1 2 . 1  Reference f o r  Sect ion 1 2  

1. M. J. B e l l ,  ORIGEN - The ORNL Isotope Generation and Deplet ion Code, 
ORNL-4628 (May 1973). 
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1 3 .  FUEL CYCLE IMPACT STUDIES 

A .  G .  Croff (Oak Ridge Nat iona l  Laboratory) 

The objective of t h i s  task i s  to  analyze the impacts 
of partitioning-transmtatwn which are not be7:ng 
considered by  o t h m  subtasks. 
impacts are the e f f ec t s  of the recycled actinide 
neutron ac t i v i t y  on nuclear fue l  cycle operations 
and. determination of the recycZed actinide inven- 
tor ies  i n  the fue l  cycle. 

&mnpZes o f  such 

This  task w a s  not  active during t h i s  r e p o r t  per iod  because of the 

t ime r equ i r ed  t o  prepare  t h e  pre l iminary  partitiuning-transrnu~~~~~~ 

assessment r e p o r t  (ORNL/TM-58O8). 

1 4 .  RISK/BENEFIT ANALYSIS OF CONCEPT 

(Oak Ridge Nat iona l  Laboratory and Battelle Northwest) 

The objective of t h i s  task i s  t o  estimate the a&%- 
-tiom1 risks that  are incurred as a resu l t  of incr”easad 
h.ud2ing of the long-Zived nuclides, a d  the Long-tern 
benef i ts  that would accrue as a resul t  of the bio’log- 
icaZ l y  significant,  Zow-lived nuclide content of 
radioactive wastes being s<gnificant Zy reduced. 

This  t a s k  i s  not  active during FY 1977.  

15. DETAILED ECONOMIC ANALYSIS OF FABRICATION AND ~~~~~~~~~~~~ 

PLANTS I N  A PARTITIONING-TRANSMUTATION FUEL CYCLE 

(Oak Ridge Nat iona l  Laboratory) 

This *ask w i l l  provide detailed cost  est-imntes o f  fueZ 
reprocessing and refabrieation plants operating w-lth 
and w i t b u t  partitioning and transmutation. The ardl- 
psis w i l l  show the eeonomic impacts o f  t h i s  ~ p t W n  on 
the fuel  eycle. 

This task w a s  i n a c t i v e  during FY 1 9 7 7 .  
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1 6 ,  PARTITIONLNG-TRANSMUTATPON ANALYSIS, COORDENA'L'lON, ANC EVALUATION 

D.  W .  Tedder, J .  P .  Drago, A. G.  Croff and J .  0. Blomeke (Oak 

Ridge Nat ional  Laboratory) 

Yhis task coordinates a21 other e f f o r t s  related t o  
the progrm. 
from the experimental eva lmt ion  of subsystems with- 
in the fueZ and target reprocessing a d  refabrication 
plants.  AZternative Jflowsheets are evaZmbed; 
options are c b s e n  for detailed ana2ysis 
are defined which J-ac i l i ta te  the integration of t h s  
coneept t o  a22 aspects o f  the fuel cycle.  

Integrated flowsheets are deveZoped 

Consi;raints 

During t h i s  r e p o r t  per iod ,  the emphasis w a s  on development of r e f -  

e rence  material balance f lowsheets which desc r ibe  waste systems support ing 

a modified Purex reprocess ing  p l an t  and a FlOX r e f a b r i c a t i o n  p l a n t .  These 

i n t e g r a t e d  w a s t e  systems rely on a c i d  and w a t e r  recycle t o  minimize 

uncont ro l led  l o s s e s .  Supplemental decontamination opera t ions  reduce 

l o s s e s  t o  s t a b l e ,  immobilized waste e f f l u e n t s .  The r equ i r ed  waste treat-  

ment systems inc lude  a d d i t i o n a l  processing of t h e  NA r a f f i n a t e  from 

Purex, s epa ra t ion  of t h e  lan thanides  from t h e  t ransplutonium a c t i n i d e s ,  

s a l t  and s o l i d  waste decontamination, addi - t iona l  a c i d  and water r ecyc le  

ope ra t ions ,  and off-gas t rea tment .  S i g n i f i c a n t  development work. i s  

r equ i r ed  t o  implement t h i s  concept;  t h e  prel iminary material ba lance  

f lowsheets  provide a b a s i s  f o r  coord ina t ion  of t h e  experimental  

i n v e s t i g a t i o n s  e 

The f i n a l  p a r t i t i o n i n g  f lowsheets  f o r  d e t a i l e d  economic and risk 

a n a l y s i s  are expected t o  evolve through a series of i t e r a t i o n s  between 

engineer ing coord ina t ion  and t h e  experimental  i n v e s t i g a t o r s ,  The 

s t r a t e g y  i s  t o  d e f i n e  s p e c i f i c  waste streams and r o u t e  t h e  calc.ul-ated 
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e f f l u e n t s  t o  t h e  appropr i a t e  r e c y c l e  s t a t i o n s .  This  system a n a l y s i s  

f a c i l i t a t e s  t h e  i d e n t i f i c a t i o n  of subproblems t h a t  can be examined 

experimental ly .  As t h e  subproblems are v e r i f i e d  o r  modified by exper i -  

mental  i n v e s t i g a t i o n s ,  the var ious  inpu t  and output  streams w i l l  be 

redef ined  and t h e  system a n a l y s i s  repea ted .  Hopefully,  repeated iter- 

a t i o n  between t h e  system a n a l y s i s  and t h e  experimental  eva lua t ion  of 

s p e c i f i c  subproblems w i l l  l e a d  t o  f e a s i b l e  f lowsheets  i n  a t imely manner. 

The r e fe rence  material ba lance  f lowsheets  developed during t h i s  

per iod r ep resen t  t h e  f i r s t  i t e r a t i o n  i n  the  a n a l y s i s .  Program p a r t i c -  

i p a n t s  reviewed t h i s  work, and comments w e r e  made during s i t e  v i s i t s .  

A l t e r n a t i v e  f lowsheets  are now being prepared, and the  e f f e c t s  of t he  

proposed modi f ica t ions  w i l l  be  analyzed wi th  r e s p e c t  t o  t h e  o v e r a l l  

system ope ra t ions .  

assessment of the concept.  

This work w i l l  be  publ ished as p a r t  of a pre l iminary  
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