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SUMRY OF THE CAMPAIGIV DURING JULY 1968 TO PROCESS 
FOURTEEN IRRADIATED HFIR TARGETS I N  THE TRANSURANIUM PROCESSING FLAI!TT 

L. J. King snd E o  D, Col l in s  

Fourteen i r r a d i a t e d  HFIR t a r g e t s  were procesced i n  
t h e  Transuranium Processing P lan t  ( T R U )  t o  recover t h e  
t ransuranium elements. 
8 g of plutonium ( 9 5 . 8 5 %  L 4 2 P u ) ,  f n  t h e  form of PuOz, d i s -  
Persed i n  aluminum powder i n  35 aluminum-jacketed p e l l e t s , ,  
Th i r t een  of the t a r g e t s  had been i r r a d i a t e d  s i n c e  t h e  HFIR 
f i r s t  a t t a i n e d  f u l l  power and had rece ived  t o t a l  exposures 2f 
from 37,000 t o  h l , O O O  Mwd. 
t o  process ing  d i sc losed  no c ladding  f a i l u r e s .  
p roducts  contained about 1 5  g of" 2c12_pU,  5 g of 243A.m, 40 g 
of 2'+4Cm, 1 mg of  249Bk, 6 mg of 2 5 2 C f ,  30 ug of 2 5 3 E s  and 
7 x l o 7  atoms of 257Fm0 The amount of e ins te in ium produ.ct 
w a s  nea r ly  t e n  t imes t h e  q u a n t i t y  that w a s  previous1.y avail- 
able. The fermium product w a s  t h e  f i r s t  u sab le  moun t  of 
fermium recovered i n  TRU. Processing steps were: dissolu- 
t i o n  of the aluminum us ing  c a u s t i c - n i t r a t e  s o l u t i o n ,  
d i s s o l u t i o n  of t h e  a c t i n i d e  oxides  us ing  concentrated 
hydsochlor ic  a c i d ,  recovery and p u r i f i c a t i o n  of unisurned 
plutonium us ing  a ba tch  solvent e x t r a c t i o n  process ( I l lhex) ,  
decontamination of %he t ransplutonium elements u s h a  t h e  
T r m e x  so lvent  e x t r a c t i o n  p rocess ,  and s e p a r a t i o n  of arnericiu-fl 
and curium fron t h e  t ranscurium elements us ing  a LTC1-bused 
anion exchange process a 

separa ted  and p u r i f i e d  us ing  labora tory-sca le  equipment 
i n s t a l l e d  i n  one of t h e  process ing  c e l l s .  The e n t i r e  
process ing  campaign w a s  completed i n  only t h r e e  weekso 
Equipment performance was s a t i s f a c t o r y :  no major problems 
were encountered. 

Each t a r g e t  originally contained 

Emminat ion o f  The t a r g e t s  p r i o r  
P u r i f i e d  

The t ranscurium elements were 

lr INTRGDUCTION 

The Transuranium Process ing  P l a n t  (TRU) and t h e  High Flux I so tope  

Reactor (IIFIR) have been built at Oak Eiidge Nat iona l  Laboratory t o  produce 

l a r g e  q u a n t i t i e s  of t h e  heavy a c t i n i d e  elements as p a r t  of t h e  USA-EC Heavy 

Element Product ion Program. Transuranium elements are formed i n  t h e  HFIR 
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by success ive  t ransniutat ion,  beginning wi th  242pL1 which i s  incorpora ted  

i n  aluminum-clad t a r g e t s ,  The i r l -ad ia ted  t a r g e t s  a r e  processed i n  TRU 

t o  recover  t h e  heavier  t ransuranium elements f o r  d i s t r i b u t i o n  t o  r e sea rch  

workers, and 2 3  recover  amel-icium, curium, and unburned plutonium and 

f a b r i c a t e  them i n t o  t a r g e t s  f o r  r ecyc le  t o  t h e  HFIR. 

This  r e p o r t  dea l s  with t h e  processing i n  t h e  Transuranium Process- 

i ng  P lan t  of  1.4 i r r a d i a t e d  H F I R  t a r g e t s ,  each of which o r i g i n a l l y  

contained 8 g of  plutonium (95.85% 242Pu) i n  t h e  form of ca l c ined  oxide .  

Thi r teen  of t h e  targets had been i r r a d i a t e d  s i n c e  t h e  WZR first  went to 

f u l l  power and had rece ived  t o t a l  exposures of from 37,000 - to  41,000 Mwd. 

Examination d i sc losed  no cladding f a i l u r e s .  The o t h e r  t a y g e t  was d i s -  

solved and t h e  plutonium was recovered,  us ing  ba tch  extract i .on,  t o  t e s . t  

a new system f o r  iod ine  r e t e n t i o n .  

The process ing  s t e p s  used f o r  t h e  13 t a r g e t s  included ( I )  d i s so lu -  

t i o n  and removal of the aluminum j a c k e t s  and aliminum matr ix  material, 

us ing  a s o l u t i o n  of NaOH and NaN03; ( 2 )  d i s s o l u t i o n  of t h e  a c t i n i d e -  

oxide r e s i d u e  us ing  I i C I ;  ( 3 )  s e p a r a t i o n ,  p u r i f i c a t i o n  and recovery of  

plutonium us ing  ba tch  e x t r a c t i o n  and i o n  exchange; ( 4 )  p u r i f i c a t i o n  of 

t h e  t ransplutonium elements us ing  the T r a e x  sol.vent e x t r a c t i o n  process ;  

and ( 5 )  separation of t h e  transcixrium elements from americium and curium 

us ing  a LiCl-based anion exchange prscess, 

separa ted  and p u r i f i e d  us ing  labora tory-sca le  equipment installed i n  one 

of t h e  process ing  cells, 

The t ranscurium elements were 

This  r e p o r t  conta ins  a smmary of  t h e  r e s u l t s  o f  t h e  processj-ng 

campaign, a d e s c r i p t i o n  of t h e  t a r g e t s  and t h e i r  i r r a d i a t i o n  h i s t o r y ,  and 

a d e s c r i p t i o n  aisd a n a l y s i s  of  the processes  and equipment used f o r  chemi- 

c a l  p rocess ing ,  A major purpose of this r e p o r t  is t o  se rve  as a r e p o s i t o r y  

f o r  d a t a ,  

2. SUNMARY 0% RESULTS 

P u r i f i e d  products  of this process ing  campaign contained about 1 5  g 

of 2Lt2Pu , 5 g of 2’-’3Am, 40 g of 244C~, l mg of  2‘t9Bk, 6 ing of 252Cf, 30 i ~ g  

of  253Es  and 7 x lo7 atoms of 257Fri. The campaign was completed i n  0nl.y 
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3 weeks. 

product  w a s  nea r ly  t e n  t i m e s  t h e  q u a n t i t y  t h a t  w a s  p rev ious ly  a v a i l a b l e .  

The fermium product  w a s  t h e  f irst  usable  amount of fermium recovered i n  

TRU e 

No major problems were encountered. The amount of 253Es  

The campaign w a s  planned t o  maximize t h e  recovery of 20-day-half- 

We compromised between process ing  t h e  13 z a r g e t s  after a l i f e  253Es. 

very s h o r t  cool ing  p e r i o d ,  whfch would have r e s u l t e d  i n  a b e t t e r  y i e l d  

of e ins t e in ium and a l a r g e  amount of r ad io iod ine ,  and wa i t ing  f o r  a long 

cool ing  p e r i o d ,  whrich would have e l imina ted  concern over i od ine  and given 

a poor y i e l d  of  e ins te in ium.  

were i n s t a l l e d  i n  t h e  off-gas  l i n e  from t h e  condensate c o l l e c t i o n  system, 

which se rves  all of  t h e  evapora tors  and t h e  d i s s o l v e r ,  and t h e  p lp ing  

was  modified s o  t h a t  all. off-gas  rirrom t h e s e  v e s s e l s  would pass through 

t h e  scrubber  and charcoal t r a p .  

when they  were d i s so lved  a f te r  a 22-day cool ing  pe r iod .  

o f  l3II w a s  r e l e a s e d  dur ing  t h e  three-week process ing  pe r iod  and 0 .6  C i  

w a s  r e l e a s e d  dur ing  t h e  fo l lowing  two weeks when we were t r a n s f e r r i n g  

waste  s o l u t i o n s ,  conso l ida t ing  rework m a t e r i a l  and concent ra t ing  pro- 

d u c t s ,  

campaign i s  acceptab le ,  we fee l  t h a t  our ope ra t ions  are confined exeess- 

irrely by eoneern over r ad io iod ine .  Therefore ,  w e  i n t end  t o  cont inue 

t o  t r y  t o  improve our c a p a b i l i t y  for- i od ine  r e t e n t i o n .  

A c a u s t i c  scrubber  and a charcoa l  t r a p  

The t a r g e t s  contained 460 C i  of l 3 I I  

About 1.1 C i  

Although t h e  r e l e a s e  of t h i s  q u a n t i t y  of 13'1 dur ing  a process ing  

The Tramex p rocess  equipment t h a t  was used i n  t h i s  campaign was new 

equipment t h a t  was designed t o  be opera ted  wi th  t h e  organic  phase con- 

t i nuous .  The o l d  equipment w a s  rep laced  s i n c e  it had been d i f f i c u l t  

t o  ope ra t e  because of  co r ros ion ,  wear, and damage. Organic-continuous 

ope ra t ion  i s  not  s i g n i f i c a n t  t o  t h e  Tramex process  but i s  r equ i r ed  f o r  

another  p rocess ,  Hepex, which w i l l  be  operated i n  t h e  same equipment. 

The new equipment opera ted  s a t i s f a c t o r i l y  f o r  Tramex. 

3. TARGET DESCRIPTION 

The conf igu ra t ion  of t h e  HFIR t a rge t  element i s  shown i n  F ig .  3.1. 

Details of t h e  f a b r i c a t i o n  have been publfshed.  The 20-1n.-long a c t i v e  

column contained 8 g of plutonium (95.85% 242Pu) i n  t h e  form of  PuO;l, 
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d i spe r sed  i n  aluminum powder (Alcoa grade 1 0 1 ,  type 1100) i n  35 aluminum- 

j acke ted  p e l l e t s .  

aluminum tubes  (0.025 i n  a w a l l )  w i th  an 0 e 050-in. - t h i ck  pressed  aluminum 

powder (type 1100) cap on each end. 

t h e  plutonium oxide p w t i c l e s  i n  an aLum.Enum matr ix ,  were pressed  t o  90% 

of t h e o r e t i c a l  d e n s i t y ,  

The p e l l e t  j a c k e t s  were fully annealed type  1100 

The p e l l e t  co res ,  which contained 

The Oo2k9-in,-diam by 0.571-in.-long p e l l e t s  were pressed  sepa ra t e ly  

and then  loaded i n t o  t h e  f inned ,  ahminun t a r g e t  t ube  which was sea l ed  by 

welding and w a s  co l l apsed  onto t h e  p e l l e t s  by t h e  a p p l i c a t i o n  of hydraulic 

pi-essure of 10 t s i .  
duct  gases  r e l e a s e d  dur ing  i r r a d i a t i o n  , were l i n e d  wi th  7075-T6 aluminum 

sleeve; t o  support  t h e  t a r g e t  t ube  dur ing  t h e  hydros t a t i c - co l l apse  s t e p  

i n  f a b r i c a t i o n ,  The coolant-flow shroud t u b e  (x-8001 aluminum) was 

a t t ached  to t h e  t a r g e t  t u b e  by @. mechanical-staking procedure.  

The plenums, designed t o  accomodate any f i s s i o n  pro- 

3.1 Plutonium Oxide 

A s o l u t i o n  of 0 .5  M Pu(N03)k i n  4 M IirJO3 was r a p i d l y  mixed wi th  
I 

an equal  volume of 8 - M NH4OH to p r e c i p i t a t e  Pu(OH)%. The p r e c i p i t a t e  was 

washed wi th  '2 M NH40H, d r i e d  at 150°C, and ca l c ined  a t  1200°C, which pro- 

duced g l a s s y  s o l i d  p a r t i c l e s  from 1 t o  3 mm i n  d i m  wi th  a d e n s i t y  c l o s e  

t o  t h e o r e t i c a l ,  

of p a r t i c l e  si.zes. The nominal p a r t i c l e  size d i s t r i b u t i o n  i s  given i n  

- 
This  was ground and screened to o b t a i n  t h e  d e s i r e d  mnge  

Table 3wl. and the mass a n a l y s i s  of the plutonium i s  given i n  Table 3 . 2 ,  

Table 3.1. P a r t i c l e  S ize  D i s t r i b u t i o n  of PuO;! 

Screen S i z e  P a r t i c l e  S i z e  fio2 
(V, S, Standard Mesh) u ( w t  % I  

-70 f- 100 210 - 149 48.0 

-100 9- 200 149 - 74 23*6 

-200 + 325 74 - 44 11.0 

-325 c 44 17.4 
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Table 3 .2 .  I n i t i a l  Composition of t h e  Targe ts  

l s o t  ope g / T a r  g e t  Atom % 

238pu 0.037 

2 3 9FJu 0 069 

24OPu 0.149 
241PI-L 0.078 

242Fu 7.667 
T o t a l  plutonium 8.0 

0.46 
0.86 
1.86 

95.85 
0.97 

3 2 I r r a d i a t i o n  

The t a r g e t s  were i r r a d i a t e d  1'( r e a c t o r  f u e l  cyc le s  ( 8  cyc le s  f o r  

I r r a d i a -  t a r g e t  D52) i n  t h e  f lux  t r a p  of t h e  High Flux Iso tope  Reactor.  

t i o n  h i s t o r i e s  a r e  given i n  Table 3.3. 
The f l u x  t r a p  will hold a "bundle" of 31 t a r g e t s  arrange? i n  a 

holder  as shown i n  F ig .  3 .2 .  The f aces  o f  t h e  hexagonal po r t ions  of t h e  

t a r g e t  rods are placed aga ins t  each o the r  as shown t o  form f i v e  "ri.ngs" 

of t a r g e t s .  A t  t h e  s t a r t  of r e a c t o r  cyc le  No. 8 ,  t h e  IIFIR hydraul ic  rab- 

b i t  t ube  w a s  i n s e r t e d  i n t o  r i n g  " O " ,  thereby  reducing t o  30 t h e  niiniber of 

t a r g e t s  t h a t  can be i r r a d i a t e d  s imultaneously.  

each r i n g  are equiva len t  except f o r  local. f l u x  depress ions :  

way t o  f i x  o r  determine t h e  angular  o r i e n t a t i o n  of t h e  t a r g e t  ho lder  i n  t h e  

r e a c t o r ,  The l o c a t i o n  of each t a r g e t  during each r e a c t o r  cyc le  i s  l i s t e d  

i n  Table 3 .4 ,  

A l l  of t h e  p o s i t i o n s  i n  

t h e r e  i s  no 

The volume-averaged, i n t e g r a l  thermal  f l u x  has  been ca l cu la t ed  t o  

be 2.14 x 1015 neutrons*cm-2.sec-1.  The thermal  f l u x  f a c t o r s  ( t h e  r a t i o  

of average thermal  f lux  i n  t h e  r i n g  to t h e  volume averaged thermal  f l u x )  
f o r  t a r g e t  r i n g s  0 through 1+ a r e  1.083, 1.058, l.022, 1.007,  and 0.9566, 

r e spec t ive ly .  The volume averaged epi thermal  (0 .414  to 1 0 1  ev)  f l u x  p e r  

u n i t  l e tha rgy  i s  8.54 x neu t rons~c rn -~ . sec - l  and t h e  epitherrnal f l u x  

f a c t o r s  ( t h e  r a t i o  of the average epi thermal  flux f o r  t h e  r i n g  to t h e  vol -  

ume averaged epi-thermal f l u x )  foi- r i n g s  0 through 4 a r e  0.958, 0.976, 0.986, 
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Table  3.3. Irradiation Histories of the Targets 
and Predicted Concentrations of Some Transuranium Isotopes 

Target Targets 
D 5  2 D10, D 1 8 ,  D23, D24, D 2 8 ,  

D33, D39, D 5 1 ,  D58, D 5 9 ,  
D 6 1 ,  D65 ,  E33 

Reactor 

No. of reactor cycles  

Average thermal neutron 
exposure, n/cm2 

Reactor discharge date 

Cooling t h e ,  days 

Dissolution date 

Dissolution run no. 

Predicted Target Composition 

2 4 2 ~ u ,  g/target 

2 4 3 ~ ,  g/target 

2 4 4 ~ m ,  g/target 
249Bk, vg/target 

2 5 2 ~ f ,  mgjtarget 

253Es, pg/target 

HFIR 

8 

3.0 x I O z o  

5-24-68 

36 
6-29-68 
10-ns-1 

3.7 
1 .0  

2.1 

10.0 
0.019 

HFIP. 

1 7  

6.6 x lo2' 

6-16-68 
22 

7-8-68 

11-DS-1 

1.1 

0.43 

3.2  
48 
0.46 
2.3 
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Fig. 3 . 2 ,  HFIR 'Target Bund1.e. 



. 

Table 3 . 4 .  Locations of the Targets i n  the HFIR Target Island During Irradiation 

Targets 
H F I R  T o t a l  Target Target Target D23, D24 Target Target 6 Targets Target 
Cycle Power D52 D10 D18 D 5 1 ,  E33 028 D33, D59, D65 D39, D61 D58 
Number MwD Ring No. Ring No. Ring No. Ring No. Ring No. Ring No. Ring No. 

5 2266.627 3 1 2 2 1 1 0 

6 2313.141 3 1 2 2 1 1 0 
7 2360.660 3 1 2 2 1 1 0 

a 2360,146 3 1 2 2 1 1 2 

9 2361,895 3 1 2 2 1 1 2 

10A, ZOB 13h5.419 3 1 2 2 1 1 2 
11A 575.04a 2 1 4 2 1 1 2 

1 2  2306.06a 2 1 4 2 1 1 2 

13 2025,820 2 1 4 2 1 1 2 

14 2294.575 3 2 1 4 2 1 1 2 

15 2124.409 3 2 1 4 2 1 2 2 

16 2308.556 3 2 1 4 2 1 2 2 
1 7  2316,784 4 3 4 4 3 1 3 3 

i a  2345.856 4 3 4 4 3 1 3 3 

11B 1747.000 4 3 1 4 3 1 3 3 
19 2360,290 4 3 1 4 3 1 3 3 
20 2342.986 4 3 1 4 3 1 3 3 
21 2316.754 3 1 4 3 1 3 3 
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0.995, and 1 .021 ,  r e s p e c t i v e l y .  The fas t  neutron f l u x  on t h e  r e a c t o r  

c e n t e r l i n e  a t  t h e  midplane i s  7 . 5  x 10'' neutrons"cm-2.sec-1. 

i s  not considered i n  c a l c u l a t i o n s  of t ransuranium element product ion.  

Fas t  f l u x  

3.3 Compositions of I r r a d i a t e d  Targets  

Tables 3.5 and 3.6 conta in  es t imates  of t h e  compositions of t i ie 

t a r g e t s  a t  t h e  t ime of d i scharge  from t h e  r e a c t o r .  The va lues  given repre-  

s en t  our b e s t  e s t ima tes ,  based on a n a l y s i s  of a l l  of t h e  d a t a  'chat were 

c o l l e c t e d  during t h e  processing campaign. The d a t a  a r e  presented  i n  t h i s  

form t o  s impl i fy  c a l c u l a t i o n s  t h a t  w i l l  be  made t o  deduce e f f e c t i v e  c ros s  

sec t ions  and o the r  nuc lear  parameters .  

4. PROCESSING 

About 10 days before  s t a r t i n g  t h e  main campaign t o  process  13 tar-  

g e t s  (campaign 11) we t e s t e d  a newly i n s t a l l e d  iod ine  r e t e n t i o n  system by 

d i s so lv ing  another  t a r g e t  (D52) and recovering t h e  plutonium us ing  t h e  

Pubex ba tch  e x t r a c t i o n  process ,  The procedures used were i d e n t i c a l  t o  

t hose  used f o r  t h e s e  s t e p s  i n  process ing  t h e  13 t a r g e t s .  The plutonium 

products  from t h e  one t a r g e t  and from t h e  13  t a r g e t s  were combined f o r  

a d d i t i o n a l  p u r i f i c a t i o n .  The f r a c t i o n s  conta in ing  a11 t h e  a c t i n i d e s  

heavier  than  plutonium were combined p r i o r  t o  Tramex process ing .  

The aluminum i n  t h e  t a r g e t s  was d isso lved  us ing  6 NaOH--3 NaM03 

s o l u t i o n  which w a s  decanted from t h e  r e s idue  of undissolved a c t i n i d e  

oxides .  The oxides were s l u r r i e d  i n  water and t r a n s f e r r e d  t o  another  

tank  i n  which they  were d isso lved  i n  concentrated HCI.. 

recovered us ing  t h e  Pubex ba tch  e x t r a c t i o n  process  and w a s  p u r i f i e d  f u r t h e r  

us ing  Pubex and anion exchange, The s o l u t i o n s  of t h e  t ransplutonium a c t i -  

n ides  were combined and decontaminated using the Tramex so lvent  e x t r a c t i o n  

process .  Americium and curium were separa ted  from ti ie t ranscurium elements 

us ing  an LiC1-based anion exchange process  and t h e  t ranscurium elements 

were separa ted  from each o t h e r ,  and p u r i f i e d  us ing  labora tory-sca le  equip- 

ment, The e n t i r e  campaign t o  recover  t h e  t ranscurium elements from t h e  1.3 

t a r g e t s  w a s  completed i n  only 3 weeks ,  about h a l f  t h e  t ime t h a t  was 

requ i r ed  i n  t h e  preceding comparable campaign 

The plutonium w a s  



Table 3.5. Probable Compositions of the Targets When They 
Were Discharged from the High Flux Isotope Reactor 

Listed Values were deduced from data collected during chemical processing. 

Isotope 

Targets 
D I O .  D28. D23. D24. D28, D33, D39. 

Target 
D52 

DSl; 558; D59; D61, D65; E33. 
a /  taraeta g/lO g ofa Atom 4: of g/targeta g/10 g ofa Atom I of 

each element Initial ?u each element Initial Pu 

2?EPU 

239Pu 
24cpu 

241Pu 
2k2Pu 
244pu 

244& 

Z46Cm 

2 L 7 c m  

“48cm 

24qCf 

250Cf 

251Cf 
252(-f 

25rCf 

253& 

Fission products (calculated 
f r o m  137~s) 

243hb 

24sGm 

249Bk 

253cf 

2.75 

1.83 io-‘+ 

1.16 10-3 

2.92 x 

3.00 
1.95 x 

8.10 x 10-1 

1.74  
1.55 x lo-’ 
8.77 x 10-2 

2.24 10-3 

1.53 
9.9 x 10-6 
5.54 io-’ 
7.72 x 
2.17 x 
3.0 

2.0 10-7 

3.43 x 10-4 
2 . 2 9  x loe4 
3.65 x lo-’ 
1.45 x lo-’ 
3.75 
2.44 x 10-2 

1.01 

2.18 

1.94 x 10-2 

0.11 
2.79 10-3 

1.2 10-5 

7 . 2  
LO 

3.9 x 10-5 

1.92 x lo-? 

2.82 x loe6 

2.5  10-7 

0.84 

0.009 

0. GO6 
0.957 
0.038 
98.35 
0 I 640 

94.20 
0.839 
4.75 
0.121 

0.083 

1.37‘ 
19.08 

5.37 
74.19 

1.12 10-5 

1.12 x 10-5 

1.08 x 

1.L5 x 

1.08 

2 . 0 1  x 10-2 
4.20 x lo-’ 

2.99 
2.38 x lo-’ 
3.32 x 10-1 

9.33 

1.10 x 10-9 
8 . 2  x 10-7 

2.67 10-5 

5.41 10-4 

1.23 x 10-5 
3 . 8  10-7 

1.39 x lo-’ 

9.92 x 

2.6 x 

1.40 x 10-5 
1.40 

1.81 10-3 

1.35 x lo-‘ 

1.35 
2.51 x lG-: 

5.2 x 10-i 

3.74 
2.97 x 10-2 
4.15 x 10-1 
1.17 x lo-’ 
1.74 x lo-’ 
1.38 
1.02 x 10-6 

1.24 x iop4 
3.33 x 10-5 
6.76 

4.7 10-7 

1.54 x lo-’ 

3 . 2 5  x 

3.11 

0.001 
0.001 
0.962 

0.129 
97.12 

1.79 

88.74 
0.705 
9,865 
0.277 
0.413 

0. llC 

12 .17  
3.26 

82.90 
1.51 

0.05 

:Atomic weights of 2y2Pu, 244CmL, and 252Cf were used to calculace g/target and g/10 g of initial ?u. 

‘Calculated from mass analysis bv subtracting 249Cf grobm in after discharge f r o n l  t h e  reactor. 
Americium analvses were nut available. Values given w e r e  calculated. 



T a b l e  3.6. Probable _ciinounts of Fis s ion  Products and Activation Products 
in the Targets When They Were D-ischarged from the Reactor 

Target Targets 
Dl0, D18, D23, D24,  D 2 8 ,  D33, D39,  D 5  2 
1151, 058, D59, 13961, D65, E 3 3  

Ciltarget ci/13 g of Ci/ target Ci/lO g of 
Radionuclide I n i t i a l  Pu Inittal Pu 

65Zn 3.67 4.59 

95Zrfi 63-71 78-59 203 254 

149 242 

<9.5 - 

303 

Cl1.9 - 
131, 95.2 z 1 9  146 183 

134cs 1.61 2.01 9.29 11.5 

136& i 5 . Q  18.8 203 254 

2.60 3.25 9.64 

193 241 246 

211 

12.1 

308 

264 
144 Ce 319 399 97.3 1 2 2  
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. -  

Figure  4 . 1  i s  a b lock  diagram showing t h e  process ing  s t e p s  t h a t  

comprised t h i s  carnpaigqand d e s c r i p t i o n s  of t h e  i n d i v i d u a l  runs  a r e  l i s t e d  

i n  Table 4 . 1 ,  

4 . 1  Target  D i s so lu t  

The procedure used f o r  d i s so lv ing  t h e  

on 

13 t a r g e t s  ( r u n  11-DS-1) i s  

descr ibed  below. E s s e n t i a l l y  t h e  same procedure was used f o r  d i s so lv ing  

t a r g e t  D52 ( r u n  10-DS-1) 

The aluminum coolant-flow shroud tube w a s  mechanically removed from 

each of t h e  t a r g e t s .  

was d i s so lved  from t h e  13 t a r g e t s  i n  t h r e e  groups: 

and one group of 5 t a r g e t s .  

6 - M NaOH--3 - Ivl NaNO3 ( 1 6  l i t e r s  f o r  4 t a r g e t s  and 20 l i t e r s  f o r  5 t a r g e t s )  

w a s  added t o  t h e  Zircaloy-2 d i s s o l v e r  (T-701, one t a r g e t  w a s  pu t  i n t o  t h e  

d i s s o l v e r  and t h e  s o l u t i o n  was hea ted  t o  i n i t i a t e  t h e  d i s s o l v i n g ,  which 

proceeded exothermally.  The r e a c t i o n  began a t  about 85 ’~ .  The d i s s o l v e r  

vas cooled t o  50°C,  a second t a r g e t  w a s  added and t h e  d i s s o l v e r  w a s  aga in  

heated t o  i n i t i a t e  t h e  dissol int ion.  This w a s  repea ted  u n t i l  t he  aluminum 

had been d isso lved  from t h e  e n t i y e  group of 4 o r  5 t a r g e t s ,  

las t  t a r g e t  i n  each group was dejacke ted ,  t h e  s o l u t i o n  was held 30 min a t  

10O’C t o  a s su re  complete d i s s o l u t i o n  of t h e  aluminum, and t h e  solut-fon 

was cooled and pumped through a f r i t t e d  metal f i l t e r  (lo microns)  t o  a 

waste s t o r a g e  t ank ,  The r e s i d u e  of a c t i n i d e  oxides was l e f t  i n  t h e  d i s -  

s o l v e r  and t h e  next group of t a r g e t s  w a s  de jacke ted  i n  t h e  same way as  t h e  

f irst  group, us ing  a f r e s h  ba tch  of  c a u s t i c - n i t r a t e  s o l u t i o n ,  The pro- 

cedure w a s  t hen  repea ted  f o r  t h e  las t  group of  t a r g e t s  and t h e  d i s s o l v e r  

w m  f lushed  once wi th  3 l i t e r s  of 2 M NaOH and tw ice  wi th  3 l i t e r s  of 

0,05 M NaOH t o  reduce t h e  sodium content .  About 0.03% of t h e  curium w a s  

l o s t  t o  t h e  de j acke t ing  was te”  

The remaining aluminum (Jacket and ma t r ix  m a t e r i a l )  

two groups of 4 t a r g e t s  

For each group a s o l u t i o n  of approximately 

After t h e  

- 
- 

Exact run  cond i t ions  f o r  t h e  d i s so lv ings  a r e  given i n  Table 4 . 2  and 

t h e  concent ra t ions  of va r ious  components i n  t h e  de j acke t ing  and d i s so lv -  

i ng  s o l u t i o n s  are l i s t e d  i n  Table 4 - 3 ,  
w e r e  d i f f i c u l t  t o  pump. The t r a n s f e r  ra te  w a s  only 007 l i t e r / h r .  This  

The aluminum-tearing s o l u t i o n s  
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O R N L  DWG 69-4966 

. ............. .. ... 
... 

TRAMEX 
PRODUCT 

.. 

I 

r------J I I I 

1 4 . 1 .  Processing ~ i a g r a n ,  



Table 4.1. List of Individual Runs Made in TRU 
to Recover Transuranium Elements from Fourteen HFIR Targets 

Run Number Purpose and Comments 

10-DS-1 Dissolved target D52 to test iodine retention system. 

10-PU-1 

I -111_ 

Recovered plutonium from 10-DS-I., using the Pubex batch extraction 
process, to test iodine retention system. 

Dissolved 13 targets using caustic-nitrate and 6 E BC1. 11-DS-1 

11-PU-1 Recovered plutonihm from the 11-DS-1 solution using the Pubex batch 
extraction process. 

11-TR-1 Decontaminated transplutonium elements (from LO-PU-1 and 11-PU-1) 
from fission products using the Tramex process. 

11-CM-1 Separated most of the americium and curium from the transcurium actinides 
using LiC1-based anion exchange. 
product. 

Feed was first portion of the Tramex 

11-CM-2 Separated all of the transcurium elements from the americium and curium 
using LiC1-based anion exchange. 
were added to the feed for this run. 

Transcurium actinides from 11-CM-1 

11-CM-3 Second cvcle of purification of the transcurium elements (from 11-CW-2) 
from americium and curium using LiCl-based an-ion exchange. 

Recovered and purified transcurium elements that had leaked from the 
equipment during 11-CM-2. 

11-CM-4 

11-PU-2 Second cycle of purification of the plutonium products from 10-PU-1 and 
11-PU-1 using the Pubex process. 

124,125sb. 
11-PU-3 Anion exchange treatment of 11-PU-2 product to remove Three 
11-PU-4 
11-PU-5 limited capacity of the resin column f o r  the contaminants. 

11-PU-6 

attempts were required because o f  feed adjustment difficulties and 

Plurix anion exchange treatment to remove 59Fe from 11-PU-5 product, 
Plutonium was decontaminated sufficiently t o  permit removal from the 
cells to a glove box for final purification. 



Table 4.2. Run Conditions f o r  Dissolving the Targets 

Run No. IO-DS-1 11-DS-1 

Dates Covered 6/28/68--6/50/68 7/8/68--7/14/68 

Target Numbers 952 USO, D18, D23, 024 ,  D28, D33, 
D35, D51, D 5 8 ,  D59, 361, D65a, E33 

EquCpment Used (Tank Numbers) T70, T71,  T72 T61 ,  T70 ,  T 7 1 ,  T72 

Run Conditions 

Aiuninum Dejacketing 
Pissolvent Composition, NaOH, 2 5.8 

Dissolution temperature, 'c 100 

KaNOg , g 2.9  
Volume, liters 11 .5  

Hold times, hours 0.5 
Dejacket solution flushes 1 x 4 liters 2 E NaOH 

2 x 3 liters 0.05 ;?I YaOH 

C d 
T.7 - b - 

5.3 5.5 
2.9  2 . 7  2 .5  

13.0 17 .7  17.5 P 
a\ 100 100 100 

0.5 0.5 0.5 
None None 1 x 3 liters 2 NaOH 

2 x 3 liters 0.05 E NaOH 

Actinide Dissolution 
DissoSven-, coixposition, HC1, 4 G e  
Initial volume, liters 42.7 33.7 
Evaporation time, hours 5 2 

Final composition, HC1, ;?I 4.9 3 .9  

Final temperature, 'C 108.5 
Final voiutiie, liters 25.2 24 .1  

aAbout one-halE p e l l e t  representing 1 . 4 %  of the acrive macerial w a s  renoved Eroa 065 before it was dissolved. 
bAluminun was dissolved from 925 ,  D59, 3 5 1  and 328 ,  successively, in the first barch of caustic-nitrate solution. 
CAluminun was dissolved from D65, D10, D 3 3  and D23, successively, in the second bacch of caustic-nitrate solution. 
dAluminum was dissolved from D61, D39, D58, D18 and E33, successively, in the third batch oE caustic-nitrate solution. 
eActinide oxides from a l l  thirteen targets were combined for dissolution in HC1.  
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w a s  probably due i n  p a r t  t o  t h e  high v i s c o s i t y  and i n  p a r t  t o  t h e  s i l i c o n  

t h a t  was p resen t .  Backflushing t h e  f i l t e r  wi th  water r e s u l t e d  i n  a temp- 

o ra ry  tnc res se  i n  t h e  pumping r a t e  bu t  a l s o  added t o  t h e  t o t a l  moiint of 

s o l u t i o n  t h a t  had t o  be pumped. 'Transferr ing t h e  aluminum-bearing dejack- 

e t i n g  s o l u t i o n s  consumed about 20% of t h e  t i m e  t h a t  was r equ i r ed  f o r  t h e  

e n t i r e  process ing  campaign. 

The a c t i n i d e  oxide p a r t i c l e s  were s l u r r i e d  i n  demineralized water 

by vigorous a i r  sparging and t h e  s l u r r y  w a s  j e t t e d  t o  a tantalum-l ined 

v e s s e l .  Eight  5 - l i t e r  f l u s h e s  were r equ i r ed  t o  t r a n s f e r  t h e  s o l i d s .  

We considered t h e  t r a n s f e r  of s o l i d s  t o  be completed when t h e  level .  of 

beta-gpma r a d i a t i o n  a t  t h e  t o p  of T-70, which i s  loca ted  i n  cub ic l e  ' 7 ,  
w a s  not reduced by subsequent f lu shes  t o  t h e  r ece iv ing  v e s s e l ,  which i s  

i n  t h e  t ank  p i t .  

The use of two sepa ra t e  v e s s e l s  ( a  Zircaloy-2 v e s s e l  f o r  t h e  alum- 

inum d i s s o l u t i o n  us ing  c a u s t i c - n i t r a t e  and a tantalum-lined. v e s s e l  f o r  

t h e  a c t i n i d e  d i s s o l u t i o n  us ing  6 HC1) minimizes co r ros ion .  Tantalum 

w i l l  not  handle c a u s t i c  s o l u t i o n s  and previous ly  we experienced high corro-  

s i o n  r a t e s  while  d i s so lv ing  t a r g e t s ' i n  6 H C 1  i n  t h e  Zircaloy-2 d isso l -ver .  

Ekcess water was evaporated from t h e  tantalum-l ined d i s s o l v e r  ves- 

s e l ,  and concentrated HC1 was added and g e n t l y  b o i l e d  2 hours t o  d i s s o l v e  

t h e  a c t i n i d e  oxides .  

39 g of 2 ' 4 C ~ ,  31.~4 pg of 249Bk, 6 mg of 2 5 2 C f  and 42 ug of 2 5 3 E s .  

The di-ssolver  product contained about 11 g of ''?-m, 

4 . 2  Plutonium Recovery 

The plutonium w a s  separa ted  from t h e  t ransplutonium a c t i n i d e s  us ing  

t h e  Pubex ba tch  so lvent  e x t r a c t i o n  process .  The plutonium t h a t  w a s  con- 

t a i n e d  i n  t a r g e t  D 5 2  w a s  separa ted  immediately fol lowing t h e  d i s s o l u t i o n  

of t h e  t a r g e t .  This  was run 10-PU-I. The procedure t h a t  was used w a s  

i d e n t i c a l  t o  t h e  one descr ibed  below f o r  s epa ra t ing  t h e  plutonium t h a t  

w a s  contained i n  t h e  13 t a r g e t s  ( r u n  11-PU-1). 

Following t h e  sepa ra t ion  and p u r i f i c a t i o n  of t h e  t ranscurium e le -  

ments, t h e  plutonium products  from t h e  two f i r s t - c y c l e  Pubex runs  were 

conibined and t h e  plutonium w a s  p u r i f i e d  f u r t h e r  u s ing  a second cyc le  of 
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t h e  Pubex process  ( r u n  ll-PU-2), 3 cyc les  of anion exchange t o  remove 
Iz4 9 125Sb and 

of t h e  n i t r a t e -based  P l u r i x  anion exchange process  t o  remove 59Fe (1i-m-6j e 

We experienced cons iderable  d i f f i c u l t y  dur ing  n e a r l y  every s t e p  of addi- 

t i o n a l  p u r i f i c a t i o n ,  and material balance data f l u c t u a t e d  as much as 30% 

OmAg ( runs  11-PU-3 11-PU-4, and 11-PU-51, and one cyc le  

from s t e p  t o  step!,  

The t ransplutonium product s o l u t i o n s  from runs 10-PU-1 and 11-PU-1 

were combined f o r  subsequent p u r i f i c a t i o n  us ing  t h e  Tramex process  ( s e e  

S e c t ,  403)a 

4.2,1 Pubex Solvent  Ex t rac t ion  Runs 

Run cond i t ions  f o r  t h e  Pubex runs  ( i n c l u d i n g  t h e  second-cycle run, 

Amounts of v a r i o u s  elements arid i so topes  11-PU-2) a r e  given i n  Table  b o b , ,  
i n  Pubex process  s o l u t i o n s  are l i s t e d  i n  Table 4,5. Transuranium element 

m a t e r i a l  ba lances  and process decontamination f a c t o r s  a r e  given in Tables 

4,6 and 4 .7 .  

Firs t -Cycle  Runs (10-PU-1 and 11-PU-1) 

11-PU-1 i s  descr ibed  below. Minor d i f f e r e n c e s  between it and run  90-PTJ-1, 

such as d i f f e r e n t  s o l u t i o n  volumes and concen t r a t ions ,  o r  d i f f e r e n t  numbers 

of scrubbing o r  s t r i p p i n g  CoritacLs, may be noted i n  t h e  t a b l e s .  However, 

because of t h e  s i m i l a r i t y  between t h e  rum, 10-PU-1 w i l l  not be descr ibed  

here e 

- The maJor f i r s t  cyc le  run ,  

The d i s s o l v e r  s o l u t i o n  from run  11-DS-I was adJus ted  t o  feed  spec i -  

f i c a t i o n s  ( 4 - 5  - Evl HC1 and O o 0 5  - M HN03) and t h e  plutonium was e x t r a c t e d  us ing  

1 - M d i (2 -e thy lhexy l )  phosphoric a c i d  (HDEHP) i n  diethylbenzene (DEB) 

About 10 liters of feed s o l u t i o n  and 10  l i t e r s  of so lvent  were mixed by 

a i r  sparg ing  f o r  about 8 hours .  

amounts of t ransplutonium elements using t h r e e  EO-liter ba t ches  of 5 
HCl--0,02 - M HN03, each of which w a s  sparged with t h e  so lvent  f o r  about one 

hour .  Each ba tch  of aqueous, which contained t h e  t ransplutonium elements ,  

The so lvent  was scrubbed t o  remove smail  

was t r a n s f e r r e d  t o  an evaporator  i n  which t h e  combined aqueous phase w a s  

concent ra ted  and ad jus t ed  t o  Tramex feed. The aqueous phase contained a 

l a r g e  amount of dark  gray  s o l i d s  which con t inua l ly  plugged t h e  f i l t e r  and 
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Table 4 . 4 .  Riin Conditions f o r  Plutonium Recovery 
Using Batch Ex t rac t ion  (Pubex) 

. . . . . . . . . .. .... ___..___ __.._ ___.. 
10-PU-1 11-PU-1 11-pu-za 

.... __ .... __.___ ........ ....... ~ ___ ......_. ___ Xun Numher 
__..____...-.. 

Dates 6/30/68--7/4/68 

Equipment Used T ~ O ,  ~ 7 2 ,  ~ 7 3  

Feed Mate r i a l  Source 10-DS-1 d i s so lve r  
product s o l u t i o n  

Voltone a f t e r  evaporat ion,  l i t e r s  9.2 
Fina l  b o i l i n g  p o i n t ,  ‘C 
Approximate a c i d  concentrat ion 6 H C 1  

Feed Ad j u s  tmfn t Conditions 
Reductant added 

V01m.e added, l i t e r s  
Oxidant added 

Volme ~ l i t e r s  
Sparging time, minutes 

Adjusted Feed Solut ion 
Acid concen t r a t ion  

HC1,  E 
Volume, l i t e r s  
A 1  ha power dens i ty ,  w / l i t e r  
244Pu, g / l i t e r  

nm3, M 

Ext rac t ion  
Ex t rac t inn  so lu t ion  

Sparging t ime,  hours  
Temperature, * C  

Volume used, l i t e rs  

None 

0.5 E W O ,  
1.0 

15 

5.5 
0.05 

10.6 
0.5 
0.3ld 

1 E HDEHP i n  DEB 
10 
8 

25-35 

Scrubbing 
Scrub so lu t ion  

H C 1 ,  M 5 

Nmhrr of scrubs 3 
Volump. used f o r  each scrub,  l i t e r s  10 
Sparging tirre f o r  each scrub,  hours  1 

H N O J ,  5 0.02 

Washing 
Wash solution 

Number of washes 
Spargine, t ime,  hours  

Volum?, l i t e r s  
5 E H C l  

10 
1 
1 

St r ipp ing  
Organic-phase reductant  s o l u t i o q  0 .2  M DRHQ i n  

2-ethylheranol 
Volume, l i t e r s  2.5 

H C 1 .  5 5 

Number of s t r i p s  3 

1 

Aqueous s t r i p p i n g  s o l u t i o n  

HONH2, E 0.1 

Valme used for each s t r i p ,  l i t e r s  10 
Spa rg ing  tjme f o r  each s t r i p ,  hoursi 

7/14168--7125/68 

T 4 0 ,  T72, 173 

11-DS-1 d i s sq lve r  
product  s o l u t i o n  

9 . 0  
109 

6 M H C 1  

None 

0.5 E P X O ~  
1.0 

15 

4.5 
0.05 

10.2 
10.8 
1. 37d 

1 5 HOEIlP i n  DEB 
10 
8 

25-35 

5 
0.c2 
3 

l o  
1 

5 M l iCl  
10  

1 

0 . 2  DBHQ i n  
2-rfhylhexanol  

5e.f 

5 
0 .1  
6e , f  
10 
1 

7/26/68--8/10168 

T33, T40, T54, T604, T 7 3  

Combined plutonium product 
s o l u t i o n s  from 10-PC-1 and 

11-PU-1 p lus  plutoniun 
h e e l s  from previous campaigns 

5 . 8  
125 

16 H H N O ~ ~  

0.9 Fe(SO+I1I,)2 
1.25 

1.0 
0.2 M_ mop 

40i 

1 
10 
1 

None 
8 

11.7 
0 .2  
1 .6  

1 g HDEHP i n  DEB 
10 

8 
25-35 

Solut ion 2 
None 

0.1 
2 
5 
1 

5 H C 1  
5 
1 
1 

0.2 E DRHO i n  
2-ethylhexanol 

7.59 

5 
0 . 1  
88,h 

10 
1 

~~~ ~ ~~ 

aSecand cyc le  r i a .  
bDiluted t o  10 !I HNO? a f t e r  evaporat ion was conplf ted.  
:Sparped 10  minutes a f t e r  KpuOi add i t ion  then heated t o  55-65’C and spargerl 30 minutes. 

eAfter  the wash vas completed, aqueovs s t r i p  s o l u t i o n  vas  added bu t  t he  add i t ion  of t h e  organtc-phase reductant  and the  f i r s t  

‘Ad;?d 2 .5  l i t e r s  o f  reductant  so lu t ion  be fo re  the  f i r s t  s t r i p  and before  t h e  fou r th  s t r i p .  
gAddcd 2.5 l i t e rs  of reductant  so lu t ion  before  t h e  f i r s t ,  f ou r th  and seventh s t r i p s .  
hOrganic was en t r a ined  i n t o  the  product ca t ch  tank,  T - 5 4 :  t he re fo re ,  2.5 l i t e r s  of reductant  s o l u t i o n  and 2.5 l i t e r s  of DEB w e r e  

‘Sparging time was 4 hours f o r  t he  s t r i p  fol lowing each add i t ion  of reductant  ;elution. 

Bawd on plutonium product so lu t ion  measurements. 

s t r i p  i n  contact were delayed seven days. 

added. to  T-54 and t h i s  so lu t ion  w a s  s t r i p p e d  fou r  t i m e ;  wi th  3 l i t e r s  of 2 M HC1.  
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Table 4.5.  Amounts of Various Elements and Isotopee 
in l'rccess Solutions During Plutonium Recovery (Pubex) 

Run Number 11-P u- 2b 
Raf f i n a t e  Feed Product 

10-PU-1 
Feed Product Raf finate 

11-PU-1 
P Feed 

d 23.2 0,017 
d 

0.035 0.82 

16.6 

1.44 

1-40 

9.2 

0.35 

0.37 

3.00 

5.11 

<0.04 

1 .64  

2.7 

11.0 14.0 

38.9 0.49 

1352 187 

5.2 

~ 0 . 0 0 3  19.0 
37.0 0.97 

183 

0.064 

22.9 

~ 0 . 0 5  

1.67 1013 8.99 1013 1.17 x 10l2 

0.33 

- <0.039 

- ~ 0 . 0 6 7  

0.243 

8.19 1 0 1 3  

NR 
- <4.2 

~ 3 . 6  

82.0 

m 
HR 

NR 

m 

- 

3.51 x 1015 1.53 x 2.40 x 1 0 l 2  

0.199 
36.8 

<6.3 

67.3 
- 

1477 

507 

1396 72.1 

<O. 52 

1.04 
- 

11 .o 
22.7 

0.60 

0.595 

5.O50 

0.007 
- <lo8 4.9 

0.44 
36.0 

65.2 0 .21  
54.5 

259 

55.5 
6 35 

1510 

1162 

0.136 

0.033 

2.62 
2.27 

1.56 

2.07 

3.97 

23.6 

0.007 0.9 - <0.21 

0.95 NR 

KR 

- <3.0 

28.1 

XR 

352 
NR 

0.65 

1.21 

<O. 4 1  - 

291 3.98 

5.79 
11.5 

7.69 

- 4 . 5 5  

; Incl .des  ccmponents :~o:ii 1G-FU-I. 

:kt the stsrt of the run, 
C??imsrjf raf:'in.Ste o ~ l y ;  

Secol'id cyc le  run.  

does not icclude scrub  rafficstes. 
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Table 4 . 7 .  Decontamination Factors During Plutonium Recovery (Pubex) 

10-PU-1 11-PU-1 11-pu-2a Run Number 
Product Solution Plutonium Curium Plutonium Curium Plutonium Curium 

Zr 

Gross gamma 

95Nb 

Io3Ru 

llom 
Ag 

1311 

137cs 

I 4 O ~ a ~ a  

>40 - 

2% 101 

No DF 292 

> 10 

No DF 25 

160 

>1960 

576 

- 

676 

- > 80 No DF 

- > 730 No DF 

517 

- > 3 . 6  946 

34 

77 

3.2 
ro w 

22 

5 

90  

>26 - 144c€? 152 No DF 
a Second cyc le  run. 



24 

thereby  impeded t h e  t r a n s f e r s .  Previous s t u d i e s  had shown t h i s  t o  be 

almost e n t i r z l y  s i l i c o n ,  

The f i r s t  ba tch  of s t r i p  s o l u t i o n  (10 l i t e r s  of 5 M - H C 1 )  was put  

i n t o  t h e  tank  which contained t h e  plutonium i n  t h e  so lvent  phnse,but t h e  

a d d i t i o n  of t h e  organic  phase modif ier  and t h e  a c t u a l  s t r i p p i n g  was post- 

poned one week, 

s t a c k  during t h e  processing thus  far, and we f e l t  t h a t  t h e  major cause had 

been a i r  sparging t o  contac t  t h e  phases during t h e  e x t r a c t i o n  s t e p .  We 

e l e c t e d  t o  de fe r  t h e  s t r i p p i n g  of t h e  plutonium u n t i l  a f t e r  xe f i n i s h e d  

t h e  process ing  of t h e  heavier  a c t i n i d e s .  We d.id not want t o  r i s k  being 

forced  t o  de lay  t h e  recovery of t h e  transcuriurn elements b3cause of a 

continued. high ra te  of iod ine  r e l e a s e .  

Nearly 400 mCi. of l 3 l I  had been r e l eased  from t h e  HFIR 

Af ter  t h e  processing of t h e  t ransplutonium el.erflents was completed 

we added 2 . 5  l i t e r s  of organic  phase mod i f i e r ,  0 . 2  ___" M 2 , 5  d i - t e r t -  

butylhydroquinone (DBHQ) f n  2-ethylhexanol,  t o  t h e  so lvent  t o  s t r i p  the 

plutonium. Af t e r  w e  made t h r e e  s t r i p p i n g  c o n t a c t s ,  us ing  10 l i t e r s  of 

f resh  s t r i p  s o l u t i o n  each t ime,  we added an a d d i t i o n a l  2.5 l i t e r s  of 

phase modif ier  t o  t h e  so lvent  and made t h r e e  more 1 0 - l i t e r  s t r i p p i n g  con- 

t a c t s .  Evident1.y t h e  plutonium was more d i f f i c u l t  t o  s t r i p  a f t e r  it was 
l e f t  i n  t h e  organic  phase f o r  a week. 

About 91.2% of t h e  curium was recovered i n  t h e  curium product a long 

wi th  l e s s  than  0.03% of t h e  plutonium. 'The f i n a l  plutonium product con- 

t a i n e d  140% of t h e  plutonium t h a t  w a s  measured i n  t h e  feed  and contained 

1.3% of t h e  curiiim. 

plutonium, curium, and ca l i forn ium.  

Losses t o  t h e  waste organic  were less  than  0 ,03% f o r  

Second-Cycle Run (11-PU-2). - The plutoni im product s o l u t i o n s  froin IO-PU-1 

and 11-PU-1 were combined with a n i t r a t e  s o l u t i o n  t h a t  contained about 2 g 

of 242~u from previous campaigns, and the mixture  was converted t o  a 

n i t r a t e  s o l u t i o n ,  Ferrous sulfamate was added t o  reduce a l l  t h e  plutonium 

t o  P u ( I I 1 )  and then  potassium n i t r i t e  w a s  used t o  convert  it a l l  t o  Pu(1V). 
The f i n a l  feed  a c i d i t y  was 8 
HDEHP i n  DEB by a i r  sparging approximately equal  volumes of feed  s o l u t i o n  

(11.7 l i t e r s )  acd so lvent  ( L O  l i t e r s ) ,  The so lvent  w a s  scsubbed. w i t h  

HN03. The plutonium w a s  ex t r ac t ed  into 1 
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1 0  l i t e r s  of 5 M HN03 and t w o  5-liter batches  of 0.1 M HNO3, and was 
washed w i t h  5 l i t e r s  of 5 - M H C 1 ,  This  sequence removed t h e  n i t r a t e  so  
t h a t  it would not i n t e r f e r e  with t h e  r educ tan t  i n  t h e  subsequent s tep.  

Two and one-half l i t e r s  of 0 . 2  M - DBHQ i n  2-ethylhexanol w a s  added t o  t h e  

so lven t  t o  reduce t h e  plutonium which w a s  then  s t r i p p e d  us ing  5 M HC1 soh- 

tion conta in ing  0,1 - M hydroxylamine. S t r i p p i n g  was d i f f i c u l t ,  as it had 

been i n  first cycle run  11-PU-1, After t h r e e  LO-liter batches of s t r i p  

s o l u t i o n  had been used ,  t h e  so lvent  still contained most of t h e  pluton-  

ium, 

s x r i p s  were made, 

s t r i p p e d  by adding st i l l .  more reduetan t  and making t w o  more s t r i p p i n g  

c o n t a c t s ,  

2-42Pu (122% of' t h e  amount ind imTed by a n a l y s i s  of t h e  f e e d ) ,  

gama DF w a s  8 ,  

- - 

- 

A second ba tch  of reductan t  (DBHQ) was added and t h r e e  more a c i d  

The solvent; s t i l l  contained 0.9 g of 2 r 2 ~  which w a s  

Analysis  of t h e  product  i nd ica t ed  t h a t  it contained 23.2 g of 
The gross 

4.2,2 Anion Exchange 

The plutonium had t o  be decontaminated f u r t h e r  so  t h a t  it could be 

removed from t h e  c e l l s  f o r  f i n a l  p u r i f i c a t i o n  i n  a glove box. The major 

r a d i o a c t i v e  contaminants t h a t  remained fo l lowing  11-PU-2 were o l 2  5Sb, 

i " ~ g  and ' 9 ~ e ~  

For removal. of radioantimony the s o l u t i o n  was ad jus t ed  t o  2,3 M - 
HCL and 0,15 - M hydroxylamine, and was peun-ped through a column f i l l e d  wi th  

Dowex 21K a n i m  exchange r e s i n  and back i n t o  t h e  f eed  tank .  

cont inued u n t i l  t h e  r a d i a t i o n  leve l  on t h e  column stopped inc reas ing .  

T'nree runs  were made: ll-PU-3, 11-PU-4 and 11-PU-5. Afte r  t h e  f irst  run 
only about 20% of t h e  plutonium w a s  found i n  The s o l u t i o n ,  Either t h e  

phtoni l lm had p r e c i p i t a t e d  dur ing  feed  adjustment DF had Loaded on t h e  

r e s i n  column, 

was f lushed  back tG t he  tank  wi th  0,l M H C 1  and t h e  s o l u t i o n  i n  t h e  t a n k  

w a s  concent ra ted ,  by b o i l i n g ,  t o  8 .5  liters, 
contained t h e  plutonium, was ad jus t ed  t o  feed  s p e c i f i c a t i o n s  and pumped 

through t h e  r e s i n  column. 

t r a t i n g  r a d i a t i o n  t o  permit  t r a n s f e r  t o  a glove box. We think t h a t  the  

coiurnn capac i ty  had been exceeded, The r e s i n  w a s  Peplaced aQd t h e  solu- 

t i o n  w a s  aga in  adgusted t o  feed s p e c a f i c a t i o n s  and pumped through t h e  

Pumping was 

Five liters of 6 M H C l  was added t o  t h e  t a n k ,  t h e  column - 
- 

This  s o l u t i o n ,  which now 

The s o l u t i o n  s t i l l  contained t o o  much pene- 
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column, 

and 12%b had been removed but  t h e  s o l u t i o n  s t i l l  contained more rad io-  

a c t i v i t y  ('lomAg and 59Fe)  t han  could be handled convenient ly  i n  a glove 

box 

The gross  gmma DF f o r  t h e  3 runs  wa5 6 .7 .  Most o f  t h e  I2'+Sb 

The s o l u t i o n  w a s  converted t o  a n i t r a t e  s o l u t i o n  and ad jus t ed  t o  
2 feed  s p e c i f i c a t i o n s  f o r  t h e  n i t ra te -based  P l u r i x  anion exchange process ,  

and t h e  plutonium w a s  loaded on t h e  r e s i n  column. The product of t h e  f irst  

e l u t i o n  was decontaminated s u f f i c i e n t l y  f o r  removal t o  t h e  glove box ( t h e  

major contaminant w a s  'lornA4g) but  it contained only 75% of t h e  plutonium. 

The o t h e r  25% was not  i n  t h e  r a f f i n a t e  s o  a second e l u t i o n  w a s  made. No 

more plutonium w a s  eluted but, ins tead ,  t h e  product was recontaminated by 

r a d i o a c t i v e  i so topes  ( 9 5 Z ~  and/or 9 5 N b )  t h a t  were e l u t e d .  

The l e v e l  of pene t r a t ing  r a d t a t i o n  was l o w  enough t o  permit hand- 

l i n g  of t h e  plutonium i n  a glove box. 
was at tempted.  

Thus, no a d d i t i o n a l  p u r i f i c a t i o n  

4.3 Tramex Solvent Ext rac t  i on  

The combined s o l u t i o n  of t ransplutonium products  from t h e  f i r s t -  

cyc le  Pubex runs w a s  ad jus t ed  t o  feed  s p e c i f i c a t i o n s  f o r  so lvent  e x t r a c t i o n  

processing and w a s  decontaminated us ing  the  'Tramex p rocess ,  Feed ad jus t -  

ment d a t a  and t h e  opera t ion  summary a r e  given i n  Table 4.8. 
l i s t s  t h e  compositions of nonradioact ive process  s t reams,  and flow rates  

and volume balances f o r  a l l  p rocess  s t reams.  Compositions of r a d i o a c t i v e  

streams a r e  l i s t e d  i n  Table 4.10. 

Table 4.9 

About 1.5% of t h e  curium was pumped t o  a waste t ank  during a t tempts  

t o  unplug t h e  o u t l e t  l i n e  from the phase sepa ra to r  on t h e  s t r i p  column. 

Except f o r  t h a t  plugged l i n e ,  equipment ope ra t ion  was s a t i s f a c t o r y .  About 

3% of t h e  curium was recovered from feed  tank h e e l s ,  collmn f l u s h e s  and 

f l u s h e s  of t h e  cub ic l e  f l o o r ,  and w a s  s t o r e d  i n  t h e  rework t ank .  Gross 

gamma decontamination f a c t o r  (DF) w a s  43, which i s  lower than  usua l .  

material balance f o r  24LiCm w a s  94.4%, 
The 
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Table 4.8. Feed Adjustment Data and Operation Summary 
f o r  Tramex Solvent Ext rac t ion  Processing (Run 11-TR-1) 

Equipment Used 

Peed Material Source 

I n i t i a l  volume, l i t e r s  
I n i t i a l  H C 1  concentrat ion,  

Feed Adjustment Conditions 

L i C l  added, moles 
Cnncentrat ion  

F ina l  bo i l i ng  temperature, O C  

Volume a f t e r  evaporat ion,  l i t e r s  
Acid adjustment so lu t ion  

Volume added, l i t e r s  
F.lush so lu t ion  

Volume added, l i t e r s  
Digest ion temperature, O C  

t i m e ,  minutes 

Adjusted Feed Solut ion 

Volume, l i t e r s  
I i C l  concentrat ion,  
L i C l  concentrat ion,  E 
2 4 4 ~ m  concent ra t ion ,  g/liter 
Alpha power dens i ty ,  w / l i t e r  

T-73AY T-20, T-21, T-60, 
and Cub. 7 Solvent Ext. Rack 

Combined Transplu tonim Frac t ions  
from 10-PU-1 and 19-PU-1 

2.9 
n J 6  

160 

137 
15.1  

Is. H C 1  
1.25 

0.2 5 HC1, 11 L i C l  
0.5 
120 

20 

16.0 
0.29 
2.11 
2 . 3  
6.5 

Length of Operation ( inc luding  feed tank f l u s h e s ) ,  hours 52.4 

Feed Time , hours 52.4 

0 

0 

Down T i m e  , hours 

Number of Shutdowns 

Operating Temperature, OC 60 
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Tahle  4.9.  Compositions of Nonradioac t ive  Streams and 
Average Flow Rates and Volume Balances f o r  a l l  P r o c e s s  Streams 

f o r  Tramex Solvent  E x t r a c t i o n  (Run 11-TR-I) 

....... _.__I_..p______--.___ .___.- -. ......... 

Cold Stream Compositions 

Aqueous s c r u b  s o l u t i o n  
Aqueous s t r i p  s o l u t i o n  

Organic  e x t r a c t a n t  s o l u t i o n  

Average F l o w  Rates, l i t e r s / h o u r  

I n l e t  streams 

Feed 
Aqueous sc rub  
S t r i p  
Organic  e x t r a c t a n t  

O u t l e t  streams 

Aqueous r a f f i n a t e  
Aqueous product  
Waste o r g a n i c  

Volume Balances ,  pb 

E x t r a c t i o n - s c r u b  coluilln aqueous 

S t r i p  column aqueous 

'Total  aqueous 
Organic  

11 t 0 . 1  E LiC1, 0.20 f 0.02 !? HC7 

8.0 ? 0.2 M H C 1  

0.05 M-DPHQ i n  Die thylbenzene  
0.60 ? 0.025 M Adogen.HC1, 0.03 t 0.01 E 861, 

0.45 
0.61 
0.54 
1.75 

1 .14  
0.57 
1.75 

107.5 
105.6 

106.9 

100.0 

103.3 T o t a l  
........ -. ..... 
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Table 4.10. Contents of Radioactive Streams During 
Tramex Solvent Extraction (Run  11-TR-I.) 

All values are adjusted to t h e  start of the run, Ju ly  16, 1968. 

_I____ - __I__ - . - - ~  

Process Stream Feed Product Raffinate Waste OrEanic 

Stream Volume, liters 16.0 a 

Z42pu, g/liter 
*44~m, glliter 

LiC1, $ 
HC1, E 
Zr, glliter 
Ni, glliter 
Mo, gjliter 

r0.004 
2.4  x 10-4 2.4 10-5 2.31 1.15 

0.29 
0.004 0.01 
1.44 
~0.003 

11. 7b 0.010 

- c14.1 - 4.045 
109 4.64 

0.181. 

~14.1 - <O. 032 
<O.  067 ~14.1 
(0.049 77.6 
<O, 67 774 

0.10 - CO.077 
- 

- - 
I 

I 

0.46 
< O .  68 
- <O. 68 
- 
- CO.032 
- a.35 

3 . 8  
- <0.68 

47.7 

0.123 

7.61 
- <0. 099 

I <O. 069 

<0.099 
- <0.03 
_I 4.045 

I 

Gross y/Gross CI Ratio 1.074 0 .(I252 783 2440 

a bEvaporating during collection. 
Calculated from boiling temperature and volume. 
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Tramex Equipment. - The Tramex process  equi.pmen.t t h a t  was used i n  t h i s  

campaign was new equipment t h a t  was designed t o  be operated wi th  t h e  

organic  phase continuous.  The o ld  equipment had been rep laced  because 

it had become d i f f i c u l t  t o  opera'ce because of co r ros ion ,  wear, and 

damage. Operation wi th  t h e  organic  phase continuous e l imina ted  t h e  need 

f o r  an organic backwash i n  t h e  s t r i p  column and reduced problems we had 

had wfth overflow of organic  from t h e  columns. A major advantage of hav- 

ing  Tramex equipment t h a t  will opera t e  wi th  t h e  organic  phase continuous 

i s  t h a t  t h e  Hepex process  ( f o r  p a r t i t i o n i n g  t h e  a c t i n i d e s )  can be operated 

i n  t h e  same equipment. 

The new equipment rack  i s  shown i n  F ig .  4 .2 .  The major d i f f e r e n c e  

between equipment f o r  ope ra t ion  with t h e  organic  phase continuous and 

equipment f o r  opera t ion  wi th  t h e  aqueous phase contiiluous i s  t h a t  phase 

sepa ra to r s  e x t e r n a l  t o  t h e  columns are r equ i r ed  f o r  organic-continuous 

operat  i on .  

Tramex Process  F l o m h e e t .  - The flowsheet f o r  t h e  'Tramex so lvent  

e x t r a c t i o n  process  i s  shown i n  F ig .  4.3. 
a p re s su r i zed  feed  pot  and i s  allowed t o  overflow t o  t h e  feed  tank  through 

a j ack  l e g .  The f lowra te  t o  t h e  scrub column phase separa tor  i s  ad jus t ed  

t o  0.5 1 O,O5 l i t e r / h r  by ad jus t ing  t h e  a i r  p re s su re  011 t h e  po t .  The 

e x t r a c t a n t ,  which i s  0 .6  +_ 0,025 I M Adogeri 3611-IiP ( a  high p u r i t y  t r i a l k y l  

amj-ne), conta in ing  0.03 ? 0 . 0 1  

i s  f ed  a t  1 .7  -t. 0.1 Ziter/hi-  to t h e  phase sepa ra to r  on t h e  e x t r a c t i o n  

column from which it i s  pumped t o  t h e  bottom of t h e  e x t r a c t i o n  column by 

means of  t h e  column pu l se r  and a p p r o p i a t e  f l o v  r e s t r i c t o m  i n  t h e  column- 

phase sepa ra to r  c i r c u l a t i n g  loop.  The scrub  s o l u t i o n ,  which i s  1 1 . 0  3- 

0 . 1  - b! LiC1--0.2 i '0.02 HCI., i s  fed at 0 .6  l i t e r / h r  to t h e  t o p  of t h e  

scrub column where it flows countercur ren t  t o  t h e  organic  t o  scrub  out 

small amounts of ex t r ac t ed  or  en t r a ined  rare  e a r t h s  before  t h e  e x t r a c t -  

an t  f lows t o  t h e  s t r i p  column. The ac t in ide-bear ing  organic  from t h e  

scrub column i s  f e d  t o  t h e  s t r i p  column phase sepa ra to r  and then  pumped 

through t h e  column where t h e  t ransuranium elements a r e  back-extracted 

i n t o  8.0 4 0.2 - M BC1 which i s  f e d  t o  t h e  t o p  of t h e  s t r i p  column at 0.5 

? 0.05 l i t e r / h r .  The r a r e  eayths  and o the r  contaminants are c o l l e c t e d  i n  

t h e  e x t r a c t i o n  colurm r a f f i n a t e  o r  i n  t h e  w a s t e  organic  from t h e  s t r i p  

column, both of which are d iscarded .  

The ad jus t ed  feed  i s  pumped t o  

f r e e  HCI., i n  diethylbenzene (DEB) d i l -uent ,  



4 
Z6 OlOHd 
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..... 

Fig. 4.3. Flowsheet for the Tramex Process. 
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Tramex Feed Adjustment, - The s o l u t i o n  of t ransplutonium elements 

from t h e  plutonium recovery s tep  w a s  evaporated t o  a volujrne of  about 3 
l i t e m ,  160 moles of  LfCl was added and t h e  s o l u t i o n  was evaporated u n t i l  

t h e  b o i l i n g  temperature  was 237'C (tibout lL8 M L I C l )  e 

made 1 i n  HC1 by a d d i t i o n  of 1 . 2 5  liters of 1% M W C 1  and t h e  a d d i t i o n  

l i n e  was f lu shed  with 0.5 l i t e r  of a s o l u t i o n  of 11 M L i C I ,  0-2 M H C 1 ,  

The feed  s o l u t i o n  was t hen  d iges t ed  at 120°C f o r  20 min t o  a s su re  d i s -  

s o l u t i o n  of any zirconium t h a t  might have p r e c i p i t a t e d  dur ing  t h e  

evaporat ion and t o  remove excess  ac id .  

The s o l u t i o n  was - 
- 

- - 

The adJus ted  f eed  was 16 liters of s o l u t i o n  t h a t  was 0 - 2 9  M H C I  
L 

and about 11 M L i C l ,  

t i o n  power d e n s i t y  erom a lpha  d e c d  6,5 w / l i t e r ,  

It contained 2 ,3  g / l i t e r  244Cm which made t h e  sosu- - 

The Tramex Run, - The run  lasted fo r  a t o t a L  of 52-4 hours on 

r a d i o a c t i v e  feed and feed t a n k  flush s o l u t i o n s .  The only  s i g n i f i c a n t  

ope ra t ing  d i f f i c u l t y  w a s  a plugged o u t l e t  line from t h e  phase s e p a r a t w  

on t h e  s t r i p  column, About 1-5% of the  curium was pumped t o  a waste tank  

dur ing  atcempts t o  unplug t h e  l i n e .  About 3% of t h e  curium was recovered 

from f eed  tank heels,  colurcln f l u s h e s  and f l u s h e s  of t h e  cub ic l e  f l o o r  and 

was s t o r e d  i n  t h e  rework t ank .  Less than  O,l% was l o s t  tc the e x t r a c t i o n  

coZwnn r a f f i n a t e ,  

Tramex process  bu t  which i s  adequate .  The major r a d i o a c t i v e  cmtminz tn t  

i n  t h e  product  was '03Ru which LS nst effectively removed i n  che Tramex 

p rocess ,  

Gross g a m a  DF w a s  43, which is l9we.r  than usua l  for t h e  

The '03Ru DF w a s  12, 
It was n o t  p o s s i b l e  to make a n  exact: material, balance because p a r t  

of t h e  Tramex product w a s  used without  measurement as feed t o  LiC1-based 

anion exchange. The o u t l e t  streams from t h a t  ion  exchange run ,  t h e  remain- 

i n g  Tramex product and known l o s s e s  and rework % s t a l e d  94.4% of t h e  curium 

that was measured in t h e  Tramex feed ;  a t  l ea s t  90% w a s  recovered as product ,  

4.4 Separa t ion  of Transplutonium Elements 

The Tramex product  was contac ted  w i t h  1 HDEHP in DEE to remove 

zirconium and any r e s i d u a l  organic  t h a t  might f n t e r f e r e  wi th  the  next  pro- 

ces s ing  s tep .  Then, the Tramex product  was decontaminated f u r t h e r ,  and 

the LranscurFun elements were sepa ra t ed  from t h e  americium and curium 
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us ing  LiCl-based anion exchange. Four runs  were made. Descr ip t ions  of 

t h e  equipment t h a t  w a s  used and feed  adjustment d a t a  are given i n  

Table 4*llo 

s o l u t i o n  flow r a t e s  Amounts of v-arious i so topes  i.n process  s o l u t i o n s  

are l i s t e d  i n  Tsble 4-13 and m a t e r i a l  ba lances  a r e  l i s t e d  i n  Table 4.14, 

Table 4.1.2 l i s t s  compositions of e l u t r i a n t  s o l u t i o n s  and 

About h a l f  of t h e  Tramex product s o l u t i o n  w a s  ad jus ted  t o  feed  

HC1) and passed through an anisn-  s p e c i f i c a t i o n s  ( 1 2  - M L i C l  and 0 . 1  

exchange column of Dowex 1-XlO r e s i n  (200 t o  300 mesh) , on which t h e  

a c t i n i d e s  and many of t h e  contaminants weye sorbed.  The n i c k e l  and rare 

e a r t h s  were e l u t e d ,  us ing  10  M - L i C l ,  and d iscarded .  Most of t h e  ameri- 

cium and curium w a s  e l u t e d ,  us ing  9 L i C 1 ,  and s to red  as product .  The 

e l u t r i a n t  was changed t o  8 - M H C 1  t o  remove t h e  remaining a c t i n i d e s  (berke l -  

im, ca l i forn ium and e ins t e in ium) .  All of t h e  t ranscurium elements and 

about 7% of t h e  curium were c o l l e c t e d  i n  t h i s  t ranscurium product f r a c -  

t i o n ,  which w a s  added t o  t h e  r e s t  of t h e  unprocessed Tramex product .  

T h i s  s o l u t i o n  w a s  ad jus t ed  t o  f eed  s p e c i f i c a t i o n s  and was processed. us ing  

t h e  LiC1-based anion exchange process. The ameri.cium-curium products  from 

both runs were combined and s t o r e d .  'The t ranscurium product from t h i s  

second loading-e lu t ing  of t h e  ion  exchange r e s i n ,  which contatned all of 

t h e  t ranscurium elements and only 0.76 g of curium, w a s  ad jus ted  t o  f eed  

and p u r i f i e d  f u r t h e r  us ing  a t h i r d  cyc le  o f  LiC1-based anion exchange.. 

New r e s i n  w a s  used f o r  t h i s  p a r t  of  process ing ,  The f i n a l  t ranscurium 

pr0duc.t f r a c t i o n  contained 5.2 mg of 2 5 2 C f ,  1 mg of 249Bk, 32 pg of 2 5 3 E s  

and only 30 mg of 2 4 4 C m o  

During t h e  second ion-exchange run ,  some of t h e  t ranscur ium prodllct 

so lu t ion  leaked from damaged p l a s t i c  va lves  and l i n e s .  This  s o l u t i o n  was 

recovered from t h e  cub ic l e  floor and w a s  combined wi th  feed  t$nk hee l s  arid 

column f l u s h e s ,  and a f o u r t h  LiC1-based anion exchange run w a s  made t o  

recover  t h e  t ranscurium elements.  

2 5 2 C ~  and 7 pg of 2 5 3 E s  were recovered i n  a t ranscurium f r a c t i o n  t h a t  con- 

t a i n e d  only 28 mg of 2'4Cm. 
f o r  curium, 112% for berkelium, 96% for ca l i forn jum and 90% f o r  e instei .n-  

ium. The t ranscurium product s o l u t i o n s  were t r a n s f e r r e d  .to c e l l  5 where 

t h e  t ranscurium elements were separa ted  and p u r i f i e d .  

An a d d i t i o n a l  140 pg of 249Bk, l mg of 

Mate r i a l  balances over t h e  four  runs  Were 109% 



T a b l e  4 .11  Equipment D e s c r i p t i o n s  a n d  Feed A d j u s t m e n t  D a t a  i o r  
A c t i n i d e  P a r t i t i o n i n g  U s i n g  LiC1-Based Anion  Exchange 

Run Number 11-CN-1 11-CX-2 11-CM-3 l 1 - CX- 4 
.. 

Dates 7/18/68--7/20/68 ?/20/68--7/21!60 7/21/06--7/22/68 7124168 

Equipment U s e d  

Ion Exchangr  Column 
?later i a l  
D i a m e t e r ,  crn 

Ion  Exchange R e s i n  
S i z e ,  n e s h  
Volune, l i t e r s  

T65, T67,  T604, T607 T65, T 6 ? ,  ‘1’604, T607 T65, T67 ,  T 6 O i  
Ton Exchange  Column I o n  Exchange Column Lor, Exchange  Column 

T65, T67, T604, T607  
Ion Exchange Column 

Glass 
5 

Dowex 1-91C 
?‘CO-j3? 

i.?” 

Glass 
5 

Dowex 1-XlG 
200-300 

1.2b 

Class 
5 

1 . 2  

G l a s s  
5 

Column TeniperaLure ,  ‘C 70-80 70-80 70-BO 30-40a 

Cdlumn P r e t r e a t m e n t  S o l u t i o n  
L i C 1 ,  M 

IIONKi.HC1, 3 
C H j O E ,  volume z 
HC1, g- 

Volume u s e d ,  l i t e r s  

Feed X a t e r i a l  S o u r c e  P a r t  of 11-TR-1  p r o d u c t  

I n i t i a l  v c l u m e ,  l i t e r s  
h i t i a i  HC1, 
I n i t i a l  L i C l ,  g 

Feed A d j u s t m e n t  C o n d i t i o n s  
LiCl a d d e d ,  m o l e s  
F i n a l  b o i l i n g  p o l - t ,  O C  

F i n a l  vo lume,  l i t e r s  
Acid  a d j u s t m e n t  s o l u t i o n s  

HC1, moles 
LiC1, moles 
Vulume a d d e d ,  l i t e rs  
D i g e s t i o n  t e m p e r a t u r e ,  ‘C 
D i g e s t i o n  t i m e ,  n i n u t e s  

A d j u s t e d  Feed 
Volunr, l i t e r s  
1 x 1 ,  
L i C 1 ,  
2 4 4 ~ m ,  e l l i t e r  . -  
u posjer dens i :y ,  w l l i t e r  

1 . 6  
6 
0.1 

l i t ,  0 
1 4 2 . 7  

1.1 

1.6 
2.5 
0 .335  

i20 
1 0  

1 . 5 4  
0 .1  

1 2  
11.6 
3 3  

‘12.0 
0.1 
0.1 
2 .5  
4 

R e s t  of 11-TR-1 prodi!ct  
p l u s  t r a n s c u r i u m  

p r o d u c t  f m r r  I?-CY-1 
12.1 

6 
0.5 

i . 5  
1 4 2 . 0  

1.1 

1 .t: 
2.5 
0 a 335 

126 
i o  

1.85 
0 . 1  

12 

25 
8.9 

L12 . 0  
0 . 1  
0.1 

4 
7 1 (  ^.*  

T r a n s c u r i u m  p r o d u c c  
irorn 11-CM-2 

3 . 5  
2 
1 . 5  

i . 0  
142.5 

0.8 

1-15 
2 .5  
0.295 

12b 
1 0  

2 . 8  
0.1 

11 
0 . 2 7  
0 . 8 4  

“12 .0  
0 . 1  

4 

% . a t e r i a l  r e c o v e r e d  f ron  
c u b i c l e  f l o o r  p l u s  
11-CH-3 f e e d  heal 

6.2 
0 . 5  

b . 0  
1 4 2 . 5  

0.6 

0.265 
1 2 0  

10 

2 . 2  
0.1 

0.033 
0.11 

i2 

;Resin was u s e d  previoiisly f o r  Run ? - C i + l l  in w n i c h  1 0  g of  ‘“Cn was p r c c e s s e d ,  

:Resin u s e d  p r e v i o u s l y  f o r  Run 11-CH-3.  
Resin u s e d  p r e v i o u s l y  f o r  Run 7-CM-11 arid Rur. 11 -CW-1 .  

L e a k i n g  hot w a t e r  l i n e  p r e v e n t e d  h e a t i n g  of colurcn. 

W 
v1 



TaSie 4.12. Compositions of E1utria:it S o l u t i o n s  and Solution Flow 
Rates for Actinide Particioning Using LiC1-3ased Anion Exchange 

Run Number 11- CM- I 11- CY- 2 11-01-3 1 1 - 4  CM- 

0.85 1.05 0.99 0 . 4 3  -1.- -2 Feed Loading Rate, rnlamin cm 

Rare Z a r t h  Elutriant Solution 
iic1, 2 
HCi, E 

C H 3 0 H ,  vel.--% 
Volxne used, liters 
Bate , n l  .min-l* cm-2 

HOKtI2 a H C l  , M 

Americium-Curium Elvtriant 
LiCl, 
1x1, fi 
HONE2 ' H C 1 ,  
CH3OH, vol. % 
Volume used,  liters 
Rate, ml *min-' - cm-2 
HCI, 
Volume used, liters 
Rare, ml-ain-1*cm-2 

Transcurium E l u t r i a n t  

Column Flush 
HCI, g 
Volume used, liters 
Rate, r n l -  rnln-l* cm-' 

10.0 t 0.1 
0.1 i 0.05 

0.1 
2.5 
1.6 
0.91 

9.0 ? 0.1 
0.1 t 0.05 

0.1 
2.5 
3.0 
1.25 

5.0 ? 0.2 
2.7 
1.56 

3.8 
4 .O 
2.8 

10.0 2 0.1 
0.1 i 0.05 

0.1 
2.5 
2.0 
0.77 

9.0 ? 0.1 
0.1 i 0.35 

0.1 
2.5 
3.5 
1.12 

8.0 + 0.2 
1.1 
1.43 

0.8 
4 .Q 
4.1 

10.0 - 0.1 
0.1 ? 0.05 

0 . 1  
2.5 
1.8 
0 . 6 9  

9 . 3  i 0 . 1  
0.1 + 0.05 

0.: 
2.5 
5.2 
I. 38 

5.0 i 0.2 
1.1 
1.40 

0.8 
2.5 
1.2 

10.0 i 3 . 1  
0 . 1  2 0.05  

0 
3 
2.2 
0.56 

8.0 i 0.2 
0.88 
-, : ?  I. li 

0.6 
3.6 
1.7 
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11 - CX- 4 
1 1- CM- 2 1 1-CM- 3 Run Number 11- CM- 1 

Raffinate and Transcurium 
h - C m  Product 

Feed Heel and 
Transcurium 

Feed Heel and 
Am- Cm Am-Cm Transcurium Feed Heel a n d  
Product Product Heed Product Product Colum Flush 

Product Am- Cm Transcurium Column Flush Leak to 
Feed C o l u m  Flush 

Process Stream F e e d  and Raffinate Product Product Feed and Raffinate Floor 

a 
Heasured Stream Components 

<O. 0 3 9  

4.03 
0.157 

~ 0 . 0 2 8  

< O ,  028 

~0.058 

- ~ 0 . 0 3 9  

.r0.58 

- 

- 
- 
I 

- 

0 .026  1 6 . 7  1 . 2 2  

0.010 0.581 

0 . 0 2 6  0.004 3 .30  

1 9 . 6  
~ 0 . 0 0 7 6  b 
- 
<0.0091b 

0 b 0221b  

- 
0 .  0052b  

0. 0048b 
b 0.0021 

b 0.012 

0 * 0 0 2 I b  
b - c0.021 

16.4 0.089 0.033 

1.027 

6.68 0.031 0 . 6 8  

39.9 0 . 2  

- ~0.15 
C0.22 

7 . 9 1  

0 . 2 7 5  

- ~ 0 . 0 7 3  

X O . 1 1  

<O. 15 

- 

- 
- 

0 . 4 5 6  

3 . 5 6  

18.6 0.76 

0 . 0 2 2  0.885 

5.13 

2 7 . 6  
b - ~ 0 . 0 0 7 6  

4.009 1 b 

0 . 0 0 5 2 b  
- 

0 . 0 2 2 1 b  
b 

b 
0.0048 

0.0021 

0 * 0 1 P  

0. 0021b 
b .O ,021 - 

0.030 0 . 3 7 3  0 . 0 5 0  0 ,028  

0.002 0.990 0.139 
0 . 7 6  0.040 0.70 

0.885 
5 . 1 3  0 . 2 6  0.014 5 . 3 2  0 . 9 4  0 . 0 2 6  1.10 

31.8 7 . 1  2 7 . 6  
b 

b 

0 . 0 0 5 2 b  

~ 0 . 0 0 7 6  

<0.0091 
- 

- 

0 .0021b 

D .004ab 
b 0.00’1 

b 0 . 0 1 2  

0. @021b b 

- co .  021 
2.41  1 0 - 3  9.91 10-5 5.47 4.60  io -L 8 . 5 4  10-5 6.35 10-5 3 . 8 9  10-3 1.14 10-5 1.14 IC-3 1 . 2 2  10-3 9.03 10-7b 1.20 10-2 Gross Meutrons/Gross Alpha 1 .89  x 8.59 

4 . 3 5  10-4b 5 . 7 9  x 10-2 4.35 1 0 - ~ b  h.35 1 0 - b b  Gross Gamma/Gross Alpha 2.52 x 

a 

bBased on analysis of composite Am-Cm product from 11-CH-1, 11-CM-2 and 11-CM-3. 
At date of start of run. 
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5 .  BEHAVIOR OF R A D I O I O D I N E  

Einsteinium-253 was an important product of t h i s  campaign. Because 

it has a h a l f  l i f e  of only 20 days,  t h e  amount t h a t  can be recovered 

from a group of t a r g e t s  i s  l i m i t e d  by the  need t o  a l low t h e  t a r g e t s  t o  

cool  t o  avoid t h e  r e l e a s e  of an excess ive  amount of I3lI t o  t h e  environ- 

ment. Each of t h e  13 t a r g e t s  contained 216 c u r i e s  of 13'1 a t  r e a c t o r  

shutdown. We assumed t h a t  one c u r i e  was an acceptab le  r e l e a s e  dur ing  

t h e  campaign. If we r e l e a s e d  from 1 t o  l--l/$, as we had i n  previous 

campaigns, we would have had t o  w a i t  6 weeks t o  begin process ing .  

We i n s t a l l e d  an iod ine  t r app ing  system c o n s i s t i n g  of a c a u s t i c  scrub- 

b e r  and a bed of KI-impregnated charcoa l  i n  t h e  condensate c o l l e c t i o n  

system which serves  a11 of t h e  process  evapora tors  and the  d i s s o l v e r  

v e s s e l ,  and we modified t h e  p ip ing  so  t h a t  all of f  gas  from t h e s e  ves- 

sels, (about  3 cfm) passed through t h e  scrubber  and cha rcoa l  t r a p .  

DeJacketing wastes  were s t o r e d  i n  two unused process  v e s s e l s .  

These were not vented through t h e  t r app ing  system b u t ,  a t  l e a s t ,  t h e r e  

w a s  no danger that t h e  iodine-bear ing c a u s t i c  wastes would be a c i d i f i e d  

i n a d v e r t e n t l y .  The instrument  a i r  purges were shut  o f f  as an a d d i t i o n a l  

sa feguard ,  

To t e a t  t h e  system we diesol'ved t a r g e t  D52, which contained 9.8 c u r i e s  

of I 3 l I ,  and sepa ra t ed  t h e  plutonium from t h e  t ransplutonium a c t i n i d e s  

us ing  t h e  Fubex ba tch  e x t r a c t i o n  p rocess .  About 0.15% (14 mCi) of t h e  

1311 w a s  r e l e a s e d  from t h e  H F i R  s t a c k .  That i n d i c a t e d  t h a t  we could 

d i s s o l v e  t h e  13 t a r g e t s  after a 3-week cool ing  per iod  and process  them 

without  r e l e a s i n g  more than  one c u r i e  of r ad io iod ine .  

Processing was s t a r t e d  a f t e r  a 22-day cool ing  pe r iod :  t h e  t a r g e t s  

contajmed a t o t a l  of" 460 c u r i e s  of i311. 

l 3 l 1  w a s  r e l e a s e d  t o  the envlironment dur ing  t h e  3-week process ing  pe r iod  

and 0 , 6  c u r i e  w a s  r e l e a s e d  during t h e  fol lowing 2 weeks when we were 

t r a n s f e r r i n g  waste s o l u t i o n s ,  conso l ida t ing  rework m a t e r i a l  and concen- 

t r a t i n g  products  a 

Approximately 1.1 c u r i e  of 



There were t h r e e  t imes when t h e  iod ine  r e l e a s e  r a t e  increased  sha rp ly .  

The f i r s t  two were r e l a t e d  t o  t h e  Pubex process .  When we sparged t h e  t8nk 

t h a t  contained t h e  ad jus t ed  feed  ( i n  4 . 5  - M H C 1 )  and t h e  Pubex e x t r a c t a n t  

(1 I M HDEHP i n  DEB) w e  by-passed t h e  new cha?:coal t r a p  t o  avoid loading it 

with organic  vapors .  

The I3 l1 :  r e l e a s e  r a t e  jumped t o  200 mCi t h e  fi-t-st day and w a s  160 ,  100 ,  40 

and 20 mCi on success ive  days,  

I3'I had been e x t r a c t e d  along with t h e  plutoni.um. 

steam j e t )  some neu t r a l i zed  condensate and c a u s t i c  scrubber  overflow 

s o l u t i o n s ,  which contained a t o t a l  of 40 Ci, t o  our waste t ank  during 

t h i s  pe r iod ,  The HFIX s t a c k  iod ine  inonitor i nd ica t ed  t h a t  t h i s  caused a 

r e l e a s e  of i od ine  i n  a d d i t i o n  t o  t h e  r e l e a s e  caused by Pubex process  

opera t ions .  

The feed sol.ution contained 135 c u r i e s  of I 3 l I .  

Anal-yses showed t h a t  over 95% of t h e  

We t r a n s f e r r e d  (by 

The next  l a r g e  iod ine  r e l e a s e  occurred about 10 days l a t e r  when we 

aga in  by-passed t h e  t r a p  and s t a r t e d  s t r i p p i n g  t h e  plutonium from t h e  

Pubex organic .  

200 m C i  pe r  day and then  dropped sl0wl.y (ove r  a 2-veek pe r iod )  t o  20 mCi 

per  day. 

so lvent  caused t h e  r e l e a s e  of a s i g n i f i c a n t  amoiint of radi.oiodfnc.  

The iod ine  r e l e a s e  r a t e  jumped from 6 mCi per  day t o  

Clear ly ,  by-passing t h e  charcoa l  t r a p  and/or sparging t h e  Pubex 

The t h i r d  r e l e a s e  occurred when w e  pumped about 50 l i t e r s  of t h e  

c a u s t i c - n i t r a t e  de jacke t ing  waste from a ~ I - Q C ~ S S  v e s s e l ,  i n  which it had 

been s t o r e d  for a month, t o  OUT waste t a n k ,  F-126. 

a c a u s t i c  s o l u t i o n  conta in ing  about 5 Ci of r ad io iod ine  i n t o  a t a n k  t h a t  

contained a c a u s t i c  h e e l .  We had had no concern t h a t  t h i s  would r e l e a s e  

iod ine .  Cold and low-level t e s t s  ha? ind ica t ed  t h a t  i n  c a u s t i c  t h e  iod ine  

would be p a r t l y  iod ide  and p a r t l y  ioda te  v i t h  none as free i od ine .  How- 

eve r ,  t h e  d a i l y  r e l e a s e  ra te  from t h e  HFlR s t a c k  jumped t o  140 mCi and then  

dropped slowly t o  5 mCi over a 5 day per iod .  Subsequent a n a l y s i s  of t h e  

s o l u t i o n  showed t h a t  a l l  of t h e  iod ine  w a s  e x t r a c t a b l e  i n t o  carbon te t ra-  
ch lo r ide ;  t h u s ,  none o f  i.t w a s  i n  t h e  iod ide  o r  i oda te  form. 

Th'is involved pumping 
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