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RFP-2667 

WASTE MANAGEMENT ANALYSIS FOR THE NUCLEAR FUEL CYCLE 

The U. S.. Energy Research and Development 
Administrat ion (ERDA) has i n i t i a t e d  a 
major research and development program 
t o  close the 1 i g h t  water reactor  (LWR) 
f ue l  cycle. The program comprises 
e f f o r t s .  by both ERDA f a c i l i t i e s  and 
indust ry  t o  provide the technology and 
design f o r  f ue l  recyc l ing  f a c i l i t i e s  and 
t o  determine the economic and environ- 
menta,l impact o f  recyc l ing  . 

10(3) years, as wel l  as recover 
valuable act in ides.  f o r  recycle(3).  

Because'of the recognized need f o r  an 
e a r l y  assessment o f  the p a r t i t i o n i n g -  
transmutation concept, the program w i  1 1 
be l i m i t e d  t o  applied, ra ther  than basic, 
research and development. Only those 
pa r t i t i on i ng .  and transmutation opti'ons 
which present ly show promise from an 
engi neer i  ng v i  ewpoi n t  w i  1 1 be considered 
under t h i s  program. 

I n  addi t ion,  the t o t a l  program i s  only The reprocessing o f  nuclear f u e l  elements three years in length (FY 1977-1979). generates l i q u i d  and s o l i d  rad ioact ive 
wastes which must be converted t o  forms 

The major p a r t  o f  the experimental 

t h a t  can be transported and stored. program i s  t o  be completed i n  the f i r s t  ' 
ERDA has assigned Oak Ridge National 

two years. 

Laboratory (ORNL) a broadly based 
program cons is t ing o f  both experimental The program has been d iv ided i n t o  three 

and computational tasks t o  develop a groups of tasks. One group i s  composed 

meaningful cost-r isk-benef i  t analysis o f  l a rge l y  o f  experime'ntal work concerned 

ac t in ide  p a r t i t i o n i n g  and transmutation w i t h  separations; the o ther  two groups 

as .a  waste management concept; the are concerned w i t h  nonpart i  t i o n i n g  

program has been defined by ORNL ( 1 ,2) . 1 aspects o f  the program. . I n  the f i r s t  
group, there are nine subtasks as 

The p r i nc i pa l  emphasis o f  the ORNL 
program w i l l  be t o  evaluate p a r t i t i o n i n g .  
I n  t h i s  approach, long- l ived and bio log- 
i c a l l y  s i g n i f i c a n t  nucl ides are  recover- 
ed (par t i t i oned)  from waste streams 
produced w i  t h i  n ' the nucl ear fuel cycl  e. 
These nucl ides may then e i t h e r  be 
recycled Lo the f ue l  cyc le  o r  t o  special 
reactors f o r  transmutation and f i s s i o n  
t o  shorter- l ived,  less B i o l o g ~ c a l l y  

. s i g n i f i c a n t  radionucl ides(2).  Successful 

fo l lows: (1 )  Act in ide recovery from 
sol  ids;  (2)  Am-Cm recovery using . 

bidentate ext rac tants  ; (3) Am-Cm recovery 
using inorganic ion-exhcange media; 
(4)  Recovery a1 ternat ives appl i a b l e  t o  
waste streams ; (5)  Act in ide recovery from 
combustible waste; (6) Act in ide recovery 
and recycle, preparat ion f o r  waste 
streams ; (7)  Radiat ion ef fects;  
(8) Thermal transmutation studies; and 
(9  R9 sk-bene'fi t analysis.  

p a r t i t i o n i n g  could reduce the need f o r  
long-term storage o f  f i s s i o n  products t o  Rocky F la ts  has respons lb i l i  t y  f o r  sub- 

tasks 5 and 6. The work t h a t  has been 
done t o  date i n  each of these subtasks 

1 Numbers i n  parenthesis r e f e r  t o  
references a t  end o f  tex t .  

i s  summarized i n  t h i s  repor t .  Reports 
w i l l  be issued p e r i o d i c a l l y  t o  document 
subsequent work and the resu l t s .  



PART I - ACTINIDE RECOVERY FROM COMBUSTIBLE WASTE 

G. H. Thompson, D. L. Cash, E. L. Chi lds 

ABSTRACT 

Pre l iminary  evaluat ion o f  leaching, 
a c i d  d igest ion,  and fus ion  methods f o r  
a c t i n i d e  recovery from i nc i ne ra to r  ash 
was begun. Cold ash from the f l u i d -  
i zed  bed ' i nc inera to r  was used as a  
stand- in f o r  contaminated ash being 
prepared. Solubi 1  i zat ion  of ash was 
used as the measure o f  method e f f i -  
ciency. Fusion w i t h  basic f luxes 
appears t o  be most promising both w i t h  
respect  t o  ac t i n i de  reco.very e f f i c i ency  
and minimum impact on waste volume and 
form. 

INTRODUCTION 

Ihe Rocky F la ts  pro jec t ,  Ac t in ide  
Recovery from Combusti b l  e  Wastes (RAW) 
i s  a  subtask o f  the ORNL program Waste 
Management Analysis f o r  the Nuclear Fuel 
Cycle. Combusti b l  e  waste produced 
dur ing f ue l  reprocessing conipri ses 
paper, wood, p las t i cs ,  rubber, c lo th ,  
spent solvent, ac t i va ted  carbon, and 
ion-exchange resins.  These wastes are 
inc inera ted  o r  ac id  digested t o  reduce 
waste volume and organic content, and 
t o  f a c i l i t a t e  ac t i n i de  recovery. The 
product i s  residue contain ing act in ides 
and f i s s i o n  products. The ob jec t i ve  of 
the RAW p r o j e c t  i s  t o  evaluate methods 
t o  recover ac t in ides  from these r e s i  - 
dues. ORNL has e x p l i c i t l y  s ta ted t h a t  
on ly  cu r ren t l y  known recovery methods 
are t o  be evaluated. For a  recovery 
method t o  receive serious considerat ion, 
i t  must e f f i c i e n t l y  recover ac t in ides 
from residues i n  a  form su i t ab le  f o r  
recyc le  o r  transmutation, r e s u l t  i n  

1  i t t l e ,  ac t i n i de  entrainment i n  the 
process offgas, not  ma te r i a l l y  increase 
f i n a l  waste volumes , o r  de le te r ious ly  
a f f e c t  glass o r  concrete waste forms. 

These studies w i l l  be made on a  labora- 
t o r y  scale. A discussion o f  the methods 
evaluated and the data obtained w i  11 be 
transml t t e d  t o  UWNL i n  quar te r l y  reports 
dur ing FY 1977, 1978, and 1979. A 
f i n a l  r epo r t  w i l l  be submitted a t  the 
end o f  the program. The f ind ings  w i l l  
be used by ERDA and ORNL t o  a s s i s t  i n  
determining the f e a s i b i l i t y  o f  p a r t i t i o n -  
ing  ash from combustible waste. 

EXPERIMENTAL 

  ate rial s  

The ash being used i n  t h i s  i n i t i a l  
per iod i s  frnm general t rash  cnmhl~sted 
i n  the p i l o t - sca le  f l u i d i z e d  bed i nc i n -  
e ra to r  (FBI ) system (Appendix A). This 
ash contains no act in ides o r  rad ioact ive 
f i s s i o n  products. Analyses o f  the ash 
from the primary cyclone, secondary 
cyclone, and porous s ta in less  s tee l  
f i l t e r  system are shown i n  Table I. A l l  
f us ion  and leaching agents are reagent 
grade chemical s . 
Procedure 

Act in ide recovery from inc inera to r  ash 
has been pract iced f o r  tllarry years a t  
Rocky F la ts .  A b r i e f  review o f  the 
methods used i s  given i n  Appenxix B. 

Leaching and fus ion experiments were done 
on ash which had been washed w i t h  d i s t i l -  
l e d  water t o  remove solubles, d r i ed  over- 
n i g h t  a t  1 1 0 ~ ~ ,  and stored i n  a  desiccator. 



For 1 eaching ' experiments, 100 m l  of 
concentrated HNO, was added t o  10 grams 
o f  ash (1 iqu id :so l id  r a t i o  o f  10: l ) .  
The mixture was re f luxed f o r  2 .  hours; a 
t o ta l '  r e f l u x  condenser was used' t o  
prevent 1 i q u i d  loss.  A f t e r  cool ing, the 
mixture was f i 1 tered o r .  cent r i fuged and 
the residue was washed w i t h  ~ 5 0 0  m l  o f  
d i s t i l l e d  water.o The residue was d r ied  
overnight  a t  110 C, cooled i n  a desic- 
cator ,  and weighed. 

The ac id  d igest ion method r e p 0 r t e d . b ~  
Lerch and Cooley(s , 5 )  was a lso i nves t i -  
gated. This method uses a mixture o f  
concentrated H2S04 and HNO, (95 and 5 
vol  umc percent, respect i  ve ly )  , Ten grams 
o f  ash was s lowly added t o  500 m1 o f  the 
ac id  mixture a t  ~ 2 3 0 ' ~ .  A f t e r  a l l  the 
ash had been added, add i t iona l  HNO, was 
added i n  2 t o  3 m l  increments u n t i l  
ox idat ion was complete .(as evidenced by 
c lea r ing  o f  the mixture). A f t e r  cooling, ' 

the ac id  was decanted and, the residue 
fumed t o  remove residual  acid. The 
resi.due was washed w i t h  ~ 5 0 0  m l  of 
d i s t i l l e d  water, centr i fuged o r  f i l t e r e d  
t o  remove the wash, d r ied  overnight  a t  
1 loOc, cooled i n  a desiccator, and 
weighed. 

For fus ion experiments, 10 grams o f  f l u x  
was mixed w i t h  1 gram o f  ash (so l  ld:ash 
r a t i o  o f  10 : l ) .  Fusions w i t h  basic 
f luxes were done i n  n icke l  o r  high- 
p u r i t y  alumina crucib les.  Fusions .w i t h  
ac i d i c  f luxes were done i n  quar tz .  . 

c ruc i  b l  es . F l  uxes eval uated were NaOH, 
Na202, Na2C03, KHSO,, K2S,0,, and a 
mixture o f  90 w t  % Na2C03-10 w t  % Na2S0,. 
Samples were i n t ima te l y  mixed and fused 
a t  the desired temperature f o r  times 
ranging from 0.5 t o  2.0 hours. After 
cool i ng , the - residue was d i  ssol ved i n 
~ 2 5 0  m l  o f  d i s t i l l e d  water, f i l t e r e d ,  
and washed w i t h  another 250 m l  o f  d i s t i l -  
l e d  water. A f t e r  dry ing overnqght a t  

llOoC the residues were cooled, weighed, 
and stored i n  v i a l s  f o r  subsequent 
leaching w i t h  ac i d  o r  base. . . 

RESULTS AND D I S C U S S I O N  

Results o f  the leaching, fusion,  and 
f i ~ i n g  experiments are shown i n  Table 11. 
Results are expressed as percent ash 
destroyed since the ash i n  these pre- 
l im ina ry  t es t s  d i d  not  contain r ad io - ,  
nucl ides. 

Leaching w i t h  concentrated HNO, d i  ssol ved 
approximately h a l f  o f  the ash. A1 though 
i t  i s  no t  possib le t o  conclude from these 
r e s u l t s  t h a t  HNO, leaching w i l l  no t  
s u f f i c e  ( t es t s  on contaminated ash are 
required),  i t  i s  v i r t u a l l y  c e r t a i n  t h a t  
the desired recovery (199% o f  the 
p l  u ton i  urn) wi' l  1 no t  be achieved because 
some high f i r e d  PuO, nonhomogeneous 
mixed oxides w i l l  be present. 

The ac id  d iges t ion  process destroys ~ 7 5 %  
o f  the ash. Carbon i s  oxid ized by the 
process and apparently on ly  inorganic . 

residues remain. Before washing, the 
weight o f  the residue f s  a c t u a l l y  greater 
than the o r i g i n a l  sample due t o  the 
formation o f  inorganic su l fa tes .  The 
residue weight a t  t h i s  p o i n t '  i s  no t  too 
meaningful because i t  i s  'a f i ~ n c t l o n  o,f 
the t ime and temperature used t o  dri .ve 
o f f  excess H2S0,; the fumed residue i s  
a lso very hygroscopic. The weight a f t e r  
washing i s  more meaningful and those a re  
the weights reported i n  Table 11. 

Fusion w i t h  NaOH, Na,02, Na,CO,, Na2C0,- 
Na2S0,, KHSO,, o r  K2S20, destroyed from 
60 t o  80% o f  the ash. Sodium hydroxide 
fusions are usefu l  f o r  s i l i ceous  
mater ia ls (s) ,  but  are no t  e f fec t i ve  on 
carbon; NaOH d i d  an acceptable j ob  a t  
h igher temperatures and longer times. 
Sodium peroxide i s  e f f e c t i v e  f o r  both 



s i l i c a  and carbon(7), bu t  attacked the 
c ruc ib l es  severely, p a r t i c u l a r l y  a t  
h igher temperatures. Sodium carbonate 
d i d  no t  d isso lve the ash as we l l ;  
however, a1 1 was h i  ng i n  these p re l  i m i  - 
nary t e s t s  was done w i t h  d i s t i l l e d  
water. The residues w i l l  be leached as 
p a r t  o f  the study on secondary recovery 
methods. It i s  c e r t a i n  t h a t  ac id  wash- 
i n g  w i l l  s o l u b i l i z e  the residues from 
these basic f l uxes  b e t t e r  than washing 
w i t h  water. Fusion w i t h  a mixture o f  
90 w t  X Na2C03 and 10 w t  % Na2S04 was 
done t o  simulate the molten s a l t  
combustion process developed by Atomics 
I n te rna t i ona l  ( e , 9  ) . I n  t h i s  process, 
shredded waste and a i r  are introduced 
below the surface o f  the molten s a l t  a t  
~ 8 0 0 ~ ~ .  Combustion occurs w i t h  scrub- 
b ing o f  gaseous products by the sa l t ;  
a c i d i c  gases reac t  w i t h  the s a l t  and are 
re ta ined  i n  the mel t .  Fusion o f  ash 
w i t h  t h i s  mixture d i d  no t  g ive the 
des i red ash d isso lu t ion ;  however, the 
reac t ion  was more l i k e  s in te r ing ,  since 
i t  d i d  no t  me l t  a t  8 0 0 ~ ~ .  Addi t ional  
t e s t i n g  a t  higher temperatures i s  i n  
progress. Fusion w i t h  KHSO, and K2S207, 
through convert ing oxides t o  soluble 
su l  f a t es  ( a  o ) , does have the d i  sadvantage 
o f  adding s u l f a t e  t o  the waste; su l f a te  
i s  de le te r ious  t o  glass waste forms. 
NaOH, Na202, andNa,CO, enter  i n t o t h e  
glass-making reac t ion  so t h e i r  use would 
no t  increase the f i n a l  waste volume 
since add i t i on  o f  some such compound 
(usua l l y  Na20 o r  Na,CO,) i s  required 
anyway. 

SUMMARY AND CONCLUSIONS 

The program t o  determine the feas i  b i  1 i ty 
of ac t i n i de  recovery from combustible 
waste i s  i n  progress. A pre l iminary  
l i t e r a t u r e  survey has been completed and 
the program p lan has been submitted. 
Pre l iminary  evaluat ion o f  common leaching 

and s o l u b i l  i z a t i o n  methods. shows tha t :  
(1 ) Fusion w i t h  commonly used reagents 
solubi . l izes >60% of the ash from the 
f l u i d i z e d  bed inc inera to r  process; 
(2)  Leaching w i t h  concentrated HNO, 
d issolves ~ 5 0 %  o f  the same ash; and, 
(3)  Acid d igest ion w i t h  a mixture o f  
concentrated HNO, and H,SO, d issolves 
~ 7 5 %  of f l u i d i z e d  bed i nc i ne ra to r  ash; 

Plutonium- and americium-contaminated 
waste i s  being prepared i n  a lab-scale 
f l u i d i z e d  bed inc inera to r .  Fusion, 
leaching, and ac id  d igest ion methods 
ex tan t  i n  the l i t e r a t u r e  w i l l  be evalu- 
ated when t h i s  ash i s  avaiPable. 

FUTURE WORK 

Although the percent o f  ash dissolved 
should g ive an i nd i ca t i on  o f  the re -  
coverabi l  i t y  of the act in ides,  the weight 
method i s  by no means conclusive. Work 
i s  under way t o  prepare contaminated ash 
t o  permit  radiochemi ca l  analysis . 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 oxide and f l u i d i z i n g  the ash a t  
~ ~ 5 5 0 ~ ~ ;  and actual  contaminated ash, pre- 
pared by adding plutonium t o  combustible 
waste and burning i t  i n  a l ab  scale FBI 
system. I n  add i t i on  t o  the ash now i n  
use (from general t rash) ,  ash produced by 
i nc i ne ra t i on  of i on  exchange res ins  and 
spent solvents w i l l  be invest igated.  

The methods and techniques developed 
using co ld  ash w i l l  be extended t o  the 
contaminated ashes. The p re l  i m i  nary 
i nves t i ga t i on  of the leaching, ac id  
digest ion,  and fus ion  methods w i l l  be 
complete once the recovery o f  a c t i  n i  des 
(plutonium and americium) from ash has 
been demonstrated. Promi s ing primary and . 
secondary recovery methods w i l l  be more 
extensively invest igated u n t i l  the end of 
FY 1977. A t  t h a t  time, the candidate 



primary and secondary recovery methods nat ion o f  ac t i n i de  and fus ion  product 
w i l l  be selected. FY 1978 w i l l  be spent losses t o  the o f fgas system w i l l  be made 
i n  inves t iga t ing  and documenting the concurrent ly w l  t h  leaching, ac i d  diges- 
candl date recovery processes. ' Determi - . . t i on ,  and fus ion  experiments on contami- 

nated ash. 

PART I 1  - ACTINIDE RECOVERY AND RECYCLE PREPARATION FOR WASTE STREAMS 

J. D. Navra t i l ,  L. L. Mar te l la ,  C. E. Plock 

ABSTRACT reactor  f ue l  f ab r i ca t i on  and reproces- 
sing. The waste. streams are p a r t  o f  . 

Evaluation was begun o f  methods and re -  two proposed f l ow  sheets' t i t l e d  ' "Sa l t  
cyc le  preparat ion problems fo r  s a l t  Waste Managementu and "Acid and Waste 
waste and waste water streams. A Water Management" (, ,) . 
feas i  b i  1 i ty. study f o r  removing ac t  i n ides  
from the s a l t  wastes w i t h  a bidentate 
organophosphorous ext rac tant  was i n i t i -  
ated. The composition o f  these waste 
streams was defined and ac t i n i de  
ex t rac t ion  coe f f i c ien ts ,  using dihexyl-N, 
N-diethylcarbamylmethylene phosphonate 
as the extractant ,  were determined as a 
func t ion  o f  n i t r i c  ac id  concentration. 
For the waste water streams, pre l iminary  
f l ow sheets were developed f o r  pur-i Tying 
water by reverse osmosis. 

INTRODUCTION 

The Rocky F la t s .  pro jec t ,  Act in ide 
Recovery and Recycle Preparation fo r  
Waste Streams, i s  a subtask o f  the ORNL 
program, Waste Management Analysis for  
the Nuclear Fuel Cycle. 

The purpose o f  the subtask i s  t o  deter- 
mine the feas i  b i l ' i t y  o f  removing 
act in ides from secondary aqueous waste 
streams l i k e l y  t o  be produced dur ing 

Evaluation o f  methods on a laboratory  
scale f o r  the s a l t  waste and waste water 
streams w i l l  be the major emphasis o f  
t h i s  subtask. Solvent ex t rac t i on  and 
i on  exchange methods w i  11 be evaluated 
f o r  the s a l t  waste streams; adsorption 
and membrane techniques w i l l  be evalu- 
ated f o r  the waste water streams. The 
best  methods f o r  both waste streams 
w i l l  be tes ted f u r t he r  t o  ob ta in  process 
in format ion f o r  f l ow sheet analysis.  

These studies w i  11 be on a laboratory  
scale. The experimental data w i i l  be 
used by ORNL t o  determine the f e a s i b i l i t y  
o f  the p a r t i t i o n i n g  concept. The data. 
obtained w i l l  be t ransmit ted t o  ORNL by 
quar te r l y  repor ts  dur ing F Y  1977, 1978, 
and 1979. A f i n a l  r epo r t  w i l l  be sub- 
m i t ted  a t  the end o f  the program. 

This i s  a new p ro jec t  a t  Rocky Flats,  so 
no p r io r .work  has been done. However, 
other programs have been under develop- 
ment which are  re l a ted  t o  t h i s  p ro jec t .  



Rocky F la t s  has been working on decreas- 
i n g  the plutonium concentrat ion i.n 
l i q u i d  waste streams f o r  the past  f ou r  
years. Plutonium concentrat ions i n  
a c i d i c  waste streams have been deereased 
from lo', t o  10'' g / l  by use of.  evapora- 
t i o n  techniques coupled w i t h  anion 
exchange. Development o f  a secondary 
americium process using a bidentate 
organophosphorous ex t rac tan t  has a lso 
been under i nves t i ga t i on  f o r  the past 
year. These processes have been design- 
ed f o r  use i n  a new $140-mi l l ion 
p l  u t s n i  um recovery fac i  1 i t y  . 
Complete water recyc le  w i  11 be u t i l  i zed  
i n  a new water recovery f a c i l i t y  a t  
Rocky F la ts .  : The water w i l l  be p u r i f i e d  
by reverse osmosis which has been under 
development a t  Rocky F la t s  f o r  the past  
f i v e  years. 

EXPERIMENTAL 

Mate r ia l s  

The b identate  organophosphorous extrac- 
t a n t  , d i  hexyl -N, N-diethyl  carbamyl- 
methylene phosphonate (DHDECMP) , was 
obtained i n  impure ( ~ 5 0 % )  form from 
Wateree Chemical Company, Lugoff,  South 
Carol ina. The impure DHDECMP contains 
an impur i t y  which prevents e f f i c i e n t  
s t r i p p i n g  o f  ac t in ides a t  low a c i d i t y .  

The impur i t y  was removed by an ion- 
exchange process adopted from a method 
t o  .pur i  f.y tri bu ty l  phosphate( 1 2 ) .  The 
process consisted o f  passing 30 vol  % 
DHDECMP-CC1 , (carbon t e t r ach lo r i de )  
through a bed o f  Amberlyst A-26, a 
macrore't icular~, strong-base, anion- 
exchange r e s i n  i n  the hydroxide form. 
The impur i t y  was sorbed on the res in .  
The r e s i n  was regenerated by washing 
w i t h  3M HNO,, water, 2 1  NaOH and water 
again & fo re  being d r i ed  w i t h  acetone. 

The ac t i n i de  feed so lu t ions were pre- 
pared from p u r i f i e d  stock so lu t ions 
o f  americium, uranium, and plutonium; 

Procedure 

The ex t rac t ion  coe f f i c i en t s  were deter-  
mined by e q u i l i b r a t i n g  equal volumes of 
ac t i n i de  feed so lu t ions and 30 vo l  % 
DHDECMP-CC1,. A f t e r  phase separation, 
the aqueous phase was analyzed fo r  
HNO, and ac t i n i de  concentrat ion. 

N i t r i c  ac id  concentrat ion was determined 
by acid-base ti t r a t i o n .  Uranium concen- 
t r a t i o n  was determlfled by f 1 uorometric 
techniques, and plutonium and americium 
concentrat ion by radiometr ic  counting, 
methods. 

RESULTS AND D I S C U S S I O N  

Eva1 uat ion o f  methods and recyc le  prepar- 
a t i o n  problems f o r  s a l t  waste and waste 
water streams were begun. A program 
p lan was w r i t t e n  as an i n te rna l  document 
t o  ass l s t  i n  the planning and management 
of the  program. A pre l iminary  l i t e r a t u r e  
search' was made o f  appl icable methods f o r  
use on the waste streams. The waste . 

stream compositions were def ined and 
research i n i t i a t e d .  

S a l t  Waste Management. 

Figure 1 shows a conceptual f l ow sheet 
f o r  s a l t  waste management. Waste streams 
1 or- f ue l  reprocessing are showri(l1) , but  
i t  i s  envisioned t h a t  the s a l t  wastes 
from a f u e l  f a b r i c a t i o n  pl.ant could be 
t reated i n  a s tm l l a r  manner. . The coo l ing 
water w i l l  be sent t o  water p u r i f i c a t i o n ,  - 
and perhaps the tri bu ty l  phosphate (TBP) 
scrub w i l l  be t rea ted  by another process. 
An organic removal step may be needed, 
and invest igat ions,  o f  organic remova'l 
processes f o r  waste water could apply here. 
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Three experimental approaches a re  Waste Water Management 
presently planned fo r  processing s a l t  
wastes: (1 ) bidentate extraction; 
( 2 )  combination t r i  butyl phosphate- 
bidentate extraction; and ( 3 )  cation 
exchange. Testing of a bidentate 
organophosphorous solvent extractent 
fo r  determining the f eas ib i l i t y  of 
removing actinides from s a l t  waste 
streams has been in i t ia ted .  The extrac- 
tan t ,  dihexyl-N, N-diethylcarbamyl- 
methyl ene phosphonate (DHDECMP) , i s  
being evaluated in a batch contractor 
as well as on a macroporous sorbent 
support u s i n g  an extraction chroma- 
tography technique. 

Impure ( ~ 5 0 % )  DHDECMP contains an 
impurity which prevents e f f i c i en t  s t r ip -  
p i n g  of actinides a t  low acidi ty .  The 
impurity was removed and Table I11 
shows americium extraction coefficients 
of the DHDECMP before and a f t e r  impurity 
removal. I t  i s  apparent from these 
values tha t  a t  low HN03 concentrations 
expecially, the impurity i n  the DHDECMP 
prevents stripping americium from the 
0rgani.c phase. 

- ~ 

A determination of the feasi  bi 1 i ty  of 
using reverse osmosis (RO) for  water 
purification has been ident i f ied.  
Figure 3 shows the conceptual flow sheet 
fo r  the purification of -waste water 
containing insignif icant  quant i t ies  of 
corrosive anions and low concentrations 
of impurities and radioactivity.  This 
conceptual flow sheet is  based on Rocky 
Flats experience w i t h  RO(13). I t  i s .  
applicable to  t r i t i a t e d  as well as non- 
t r i t ium containing water streams. 

RO i s  capable of reducing the volume of 
a waste stream by as much as 95%. The 
reduction i n  volume wi 11 depend on the - 
osmotic pressure of the impurities i n  the 
brine generated, as well as the compo- 
s i t ion  of the impurities i n  the waste ' 

stream. If the concentration of the 
impurities. i s  high, the osmotic pressure 
will be high, resulting i n  a decrease i n  
the flux and desired water recovery. ' If  
the impurities i n  the .waste stream are  
substances with low solubil i . t i es ,  such 
as s i l i c a  and the s a l t s  of calcium,. 
barium, and strontium, the possibi l i ty  of 
scaling the membranes i s  increased. If 

Extraction coefficients for  uranium, scaling does take place, the flux wi 11 plutonium, and americium versus HN03 
concentration are  plotted in Figure 2. be reduced. 

The values for  uranium a t  5, 7 ,-and 9PJ The advantages of RO a re  tha t  i t  is a 
HN03 were a'1 'Io3 (and are O f f  the top low energy-consuming process, waste water of the f igure) .  The high uranium extrac- stream adjustment i s  minimal ,  and the tion coefficients a t  low acidi ty  
indicates urani um stripping reagents quantity of combustible waste generated 

i s  small. other t h a n  water or  diluent HNO, will 
be needed. However, the DHDECMP Figure 4 shows the conceptual flow sheet 
purified by passage over Amberl~st A-26 for t h e  pur i f ica t ion  of waste water con- could s t i l l  contain impurities causing taining s ignif icant  quant i t ies  of anions the high uranium extraction a t  low and/or d.etergents . The methods planned 
acidity.  fo r  flow sheet tes t ing include adsorption, 

reverse osmosi.~ , u l  t r a f  i 1 t ra t ion ,  ion 
exchange, or  combinations thereof. The 
flow sheet applies t o  both t r i t i a t e d  and 
non-tri t i a t ed  waste streams. 



Ul t r a f i  1 t ra t ion  (UF) methods would be 
used mainly for  the removal of deter- 
gents and would need to  be coupled with 
an anion removal s tep,  such as  RO. Use 
o f  UF and/or RO methods would reduce 
the quant i t ies  of waste materials for  
incineration compared to  adsorption- 
ion exchange methods. 

SUMMARY A N D  CONCLUSIONS 

The program was in i t i a t ed  to  determine 
the f e a s i b i l i t y  of removing actinides 
from secondary aqueous waste streams 
l ike ly  to  be produced during.reactor 
fuel fabrication and reprocessing . 
Evaluation of methods f o r  the s a l t  
waste and waste water streams and re- 
cycle preparation problems i s  the major 
emphasis of .  t h i s  program. 

A program plan was written,  a prelimi- 
nary l i t e r a t u r e  search was made, and 
waste streams were defined. The test ing 
of a dibentate oryanophosphorous solvent 
extractant  f o r  determining the feasi-  
b i l i t y  of removing actinides from s a l t  
waste streams was in i t i a t ed .  The 
extractant  i s  di hexyl - N ,  N-di ethyl - 
carbamylmethylene phosphonate. Extrac- 
t ion coeff ic ients  f o r  uranium, 
pl utoni um, and ameri ci um were determined 
as  a function of n i t r i c  acid concentra- 
t ion.  

A program t o  determine the feasi  bi 1 i ty 
of using reverse osmosis (RO) for  water 
purification was in i t i a t ed .  Conceptual 
flow sheets were constructed for  purify- 
ing waste water. The preliminary flow 
sheet was based on RO experience a t  
Rocky Flats.  

FUTURE W O R K  

A bidcntate extraction process will be 
evaluated fo r  processing s a l t  wastes. 
New and recycl ed extractants w i  11 be 
tested with synthetic waste to  deter- 
mine ai.t. i 11-i de decontamination faetor-s. 
Dur ing  the investigation with synthetic 
waste solutions,  problems of acidifying 
and digesting the s a l t  wastes will also 
be investigated. 

Adsorption materials will be evaluated 
fo r  removing detergents and corrosive 
anions from waste water streams. Con- 
ceptual flow sheets f o r  RO, UF, and 
ion exchange will be evaluated. 



T A B L E  I .  A n a l y s e s  o f  A s h  Produced  by Burn ing  Gene ra l  

T r a s h  c o n s t i t u e n t s  (Weigh t  P e r c e n t )  
. . 

Ash - 
.Water ,, 

C 1 - C - Cr - A 1 - Insoluble 

Primary Cyclone 4.2 18.2 0.42 7.4 77.. 2 
. . 

Secondary Cyclone 5;7 16.0 3.50 ''14.3. . 8 8 3  

F i  1 t e r  Fines 6.7 12.7 2.78 18.3 94.3 

Presence of Cr . i n  primary ash not explained s ince  no cataSlyst  i s  , ,  

used i n  the  f lu idized incinerator  bed. 

. . 

. . All fusion and leaching agents a r e  reagent grade chemicals. 



TAB.LE 11. Ash D e s t r u c t i o n  b.y L e a c h i n g ,  D i g e s t i o n ,  and  F u s i o n  

Ash Destroyed1 ( w t  X )  

Temperature T i  me F i  1 t e r  
Method (OC) (hours) Primary Secondary Fines 

15.7N - HNO,' leach ( r e f  1 ux) 2 57 3 6 5 1 

H,SO,/HNO, d i g s t i o n  ( r e f  1 ux) 2 7 5 801 68 
(95% H2S04) 

NaOH fus ion 500 0.5 6 6 66 44 

NaOH fus ion 800 2 81 81 7 4 

Na,O, fus ion 500 0.5 8C 7 5 7 0 

Na2C03 fus ion 500 a.5 3 3 51 19 

Na,CO(,-Na,SO, fusion 800 2 34 57 19 

KHSO, fus ion ,500 2 59 60 60 

K2S20, fus ion 500 2 . 591 54 64 

Leach: So l i d  Rat io of. 10:1 

Digestant: So l i d  Rat io o f  53:l 

Flux: So l i d  Rat io o f  10: l  



TABLE 111. E f f e c t  o f  P u r i t y  o f  DHDECMP on .Amer . i c ium 
E x t r a c t i o n  C o e f f i c i e n t s  

Am Ex t rac t ion  Coe f f i c ien ts  DHDECMP~ 
. . , ' 

I : (vo l  %)  
DHDECMP HN03 

. ' ' ' (MI , P u r i f i e d  
I 

3  0  50 70 . . 
. . .  - .  100 

.. . . , . .  . 

, ' 0.09 0.42 3.3 
. .. 

0.35 . . Yes. . . 
' 1 . 3  : 

" : 

7.0 Yes 1.9 15 ' 4 3 .  5  3 

No 5.5 68 
. . ,  

7.0 : - . . - 
. . .  

a  Estimated accuracy *25%. 
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APPENDIX A. INCINERATION AT R O C K Y  FLATS 

A conventional s ta t ionary  grate-type 
i n c i n e r a t o r  has been used a t  Rocky 
F l a t s  f o r  about 15 years t o  convert 
bu lky  combustible residues t o  an ash 
t h a t  can be processed t o  recover 
p l  u ton i  um. The i nc i ne ra to r  has provided 
a valuable se rv ice ,  but  there are 
several.  disadvantages i'n i t s  use. One 
disadvantage i s  the  a c i d i c  (HC1) o f fgas 
which resu l  t s  from burning po lyv iny l  
ch l o r i de  (PVC) p l as t i c s ;  PVC accounts 
f o r  approximately 40% o f  Rocky F la ts  
waste( l4) .  The HC1 has caused corrosion 
o f  the  i nc i ne ra to r  she l l  and scrubbing 
equipment. A second disadvantage i s  
the need f o r  a caust ic  scrubber t o  
remove the ac id i c  offgases and reduce 
the temperature o f  the e x i t i n g  f lue 
gases. The scrub so lu t i on  i s  an aqueous 
waste requ i r i ng  processing. , A t h i r d  
disadvantage i s  the shor t .  r e f r ac to r y  
l i f e ,  which r e s u l t s  from the cor ros ive 
a 1111usphere and high operat ing tempera- 
t u r e  (800-1 0 0 0 ~ ~ )  ; frequency o f  
r eb r i ck i ng  has been about once every 
6 t o  12 months. A f o u r t h  disadvantage 
i s  the re f r ac to r y  p l  u ton i  11rn nx i  de (PUO,) 
formed a t  the operat ing temperature. 

To overcome some o f  the problems associ- 
a ted w i t h  conventional i nc inera t ion ,  a 
system was invest igated i n  which the 
combustible mater ia l  i s  burned i n  a bed 
o f  f l u i d i z e d  Na2C0,(14). The HC1 
generated by PVC combustion i s  neutra- 
l i z e d  by the Na2C0,, thus a l l e v i a t i n g  

the severe corrosion problem and remov- 
i n g  the need f o r  a caust ic  scrubber w i t h  
i t s  attendant waste problem. The lower 
operat ing temperature (550-600'~ produces 
more soluble PuO, and a c a t a l y t i c  
(chromic oxide on alumina) af terburner 
permits f l u e  gas combustion wi thout  
re f rac tory-1  i ned equipment. 

The data generated by laboratory-scale 
' 

equipment were used t o  design a f l u i d  
bed p i l o t  p l a n t  i nc i ne ra to r  w i t h  a 10 
pound/ hour capaci t y  ( 1 s ) . Based on data 
generated by the p i l o t  p l an t  inc inera to r ,  
a demonstration u n i t  w i t h  a capacity o f  
180 pounds/hour present ly  i s  being 
constructed f o r  combustion o f  t rans- 
uran i  c waste ( 1 6  ). 

The f l u i d i z e d  bed inc inera to r  (FBI) 
process produces three ashes: (1)  ash 
from the f l u i d i zed  bed ( inc inera to r ) ,  
recovered i n  the primary cyclone; 
(2)  ash from the c a t a l y t i c  a f terburner  
which burns the f lue  gas, recovered i n  
the secondary cyclone; and (3) ash 
recovered fro111 tile porous sta4 n l  ess s tee l  
fi 1 ters used t.n cl pan the gas strcam 
p r i o r  t o  the HEPA f i l t e r  system. These 
ashes are re fe r red  t o  as primary, 
secondary, and f i 1 t e r  ash. The csmpo- 
s i t i o n  o f  the ash var ies  depending on 
the waste being burned. However, a1 1 the 
ashes contain carbon (C) and, except f o r  
the primary bed ash, a l l  contain 2-4% 
chromium (Cr) . 



. . - .  .. . . 
. , A P P E N D I X  B .  ACTINIDE R E C O V E R Y  AT R O C K Y  FLATS PLANT (RFP) 

Many ..pl  u ton i  um-,bearing residues are 
generated i n  p ioduct ion operations a t  
RFP. These residues comprise reduct ion 
s lag ( r esu l t i ng  from the bomb reduc- 
t i o n  o f  PuF4 w i t h  ca l  ci'um metal ) , 
glovebox sweepings, and inc inera to r  ash 
(from- i nci'neratiori o f  plutonium- 
contaminated combustible waste). The 
inc inera to r  ash i s  p a r t i c u l a r l y  d i f -  
f i c u l  t t o  process, o f t en  requir ing,  5 
o r  6 leach contacts before the plutonium 
content i s  reduced t o  discard 1 eve1 ( 1  7). 

' A c t i n i d e  recovery a t  RFP has usual ly  
been done w i t h  hal ide-contain ing 
leachants o r  f luxes., Leachants i nvest i  - 
gated have included hydrobromic 
ac i d ( l 8 ) ,  hydrochlor ic ac id  (17919)s 
NaOH(17), and mixtures o f  HF-MNO; ( 2 0 ) ~  
CaF2-HNO3(17,20,21 ,22), HC1-SnC12-HF(l7), 
and HN03-A1 (NO,), f o r  i nc inera to r  ash 
pretreated by hydrof l  uo r i na t i on ( l 7 ) .  The 

. .CaF2-HNO, system has received a t t en t i on  
because CaF, i s  present i n  reduct ion s lag 

and F- add i t i on  i s  therefore  unnecessary; 
obviously t h i s  system i s  the same as 
HF-HNO,, since CaF, merely provides F- 
fo r  associat ion w i t h  H+ i n  strong HNO, 
so lu t ion.  Leaching w i t h  HNO, only does 
not  s u f f i c e  t o  quan t i t a t i ve l y  d l  ssol ve 
the re f r ac to r y  p l  u ton i  um oxides produced 
i n  the conventional i nc inera to r  a t  RFP. 
A repor t  on the recovery o f  plutonium 
from inc inera to r  ash a t  RFP has been 
.issued recent ly .  This repor t  describes 
the process and equipment cu r ren t l y .  used, 
a1 ong w i t h  operat ing experiences dur ing 
the l a s t  several years (2 3). 

Fusion methods have been invest igated a t  
RFP but  have not  been used on a produc- 
t i o n  scale. Fluxes invest igated have 
included ammonium b i  f l u o r i d e  ( i n v e s t i  - 
gated a t  Hanford, Washington, on ash 
suppl ied by RFP)(24), LiF, NaF, KF, NaOH, 
NaOH-A1C1 , , NaOH-SnCl, , NaOH-SnC1,- 
KF(17), and K2S2O7(l7,25). 
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ILLUSTRATIONS. A 

Figures 1 through 4 



FIGURE 1 .  Conceptual Flow Sheet for Salt Waste Management. 
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FIGURE 2. Effect of Nitric Acid Concentration on Actinide Extraction 
Coefficients for 30 vol % DHDECMPCC14. 



FIGURE 3 .  Conceptual Flow Sheet for Water Purification. 

FIGURE 4. Conceptual Flow Sheet for Waste Water. 
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