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SOLVENT EXTRACTION STUDIES OF COPROCESSING FLOWSHEETS - RESULTS FROM 
_____- CAMPAIGE~D __---_______ 4 OF THE SOLVENT EXTRACTION TEST TATGXTF(F) -__ 

E. D. Collins, D. E. Benker, J. E. Bigelow, F. R. Chattin, 
L. J. King, R. G. Ross, and H. C. Savage 

ABSTRACT 

Experiments on tri-n-butyl phosphate solvent extraction of 
uranium and plutonium at-full activity levels (Campaigns 3 and 4 )  
were conducted in the Solvent Extraction Test Facility (SETF) ,  
located in one of the heavily shielded cells of the Transuranium 
Processing Plant. The primary objectives were (1 )  to demonstrate 
and evaluate the first two cycles of the Hot Engineering Facility 
flowsheets (codecontamination and partial partitioning), and 
( 2 )  to investigate and evaluate the use of HN02 as the reductant 
for tetravalent plutonium during reductive stripping operations. 
Secondary objectives were to determine the solvent extraction 
behavior of feed solutions prepared by dissolving fuel from a 
boiling water reactor (BWR) and to improve the solvent extraction 
feed clarification. 

1. INTRODUCTION 

The Solvent Extraction Test Facility (SETF) is located in one of the 

heavily shielded cells of the Transuranium Processing Plant (TRU) and is 

used to evaluate, at full activity levels, recently developed or improved 

flowsheets for reprocessing commercial nuclear power reactor fuels. Empha- 

sis is placed on fast breeder reactor (FBR) fuels. The broad objective of 

studying uranium-plutonium coprocessing flowsheets, begun during Campaigns 

1 and 2 in the SETF,l was continued during Campaigns 3 and 4 .  Specifi- 

cally, the primary objectives of the work done during Campaigns 3 and 4 

were (1) to demonstrate and evaluate the first two cycles of the Hot 
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Engineer ing F a c i l i t y  (HEF) f l o w s h e e t s  (codecontaminat ion and par t ia l  

p a r t i t i o n i n g ) ,  and ( 2 )  t o  i n v e s t i g a t e  and e v a l u a t e  t h e  use  of "02 as t h e  

reducing  agent  f o r  Pu(1V) d u r i n g  t h e  r e d u c t i v e  s t r i p p i n g  process .  

Secondary o b j e c t i v e s  were t o  compare t h e  s o l v e n t  e x t r a c t i o n  behavior  of 

b o i l i n g  water r e a c t o r  (BWR) and p r e s s u r i z e d  water r e a c t o r  (PWR) f u e l s  and 

t o  improve t h e  s o l v e n t  e x t r a c t i o n  feed  c l a r i f i c a t i o n .  

Campaigns 3 and 4 were c a r r i e d  o u t  d u r i n g  t h e  per iod  October 1979-July 

1980. P r i o r  t o  t h a t  t i m e ,  emphasis i n  t h e  program had s h i f t e d  from t h e  

development of methods f o r  r e p r o c e s s i n g  l i g h t  water r e a c t o r  (LWR) f u e l s  t o  

t h e  development of methods f o r  r e p r o c e s s i n g  fas t  breeder  r e a c t o r  (FBR) 

f u e l s .  However, i t  w a s  recognized t h a t  a demonst ra t ion  f a c i l i t y  such as 

t h e  HEF would probably need t h e  c a p a b i l i t y  f o r  handl ing  b o t h  types  of 

f u e l s .  S ince  no FBR f u e l s  were a v a i l a b l e  dur ing  1979 and 1980, LWR f u e l s  

from t h e  H. B. Robinson-2 p r e s s u r i z e d  water r e a c t o r  (PWR) and t h e  Dresden-1 

BWR were used f o r  t h e  tests made i n  Campaigns 3 and 4 .  However, s e v e r a l  of 

t h e  tests were made wi th  a s imula ted  "FBR-type" feed  s o l u t i o n  formulated 

from t h e  LWR f u e l  and recyc led  plutonium. 

The Robinson-2 f u e l  had been i r r a d i a t e d  t o  a peak burnup of -2.7 TJ/kg 

(-31,000 MWdlrnetric t o n )  and an average burnup of -2.4 TJ/kg (-28,000 

Mwd/metric t o n ) ;  i t  had been d ischarged  from t h e  r e a c t o r  on May 6 ,  1974. 

The Dresden-1 f u e l  had been i r r a d i a t e d  t o  a burnup of 2.05 TJ/kg (23,780 

MWd/metric t o n )  and had been d ischarged  on September 1,  1975. S ince  both 

f u e l s  were d ischarged  -5 y e a r s  b e f o r e  t h e y  were processed ,  t h e  95Zr-Nb 

f i s s i o n  products  had decayed t o  such an e x t e n t  t h a t  decontaminat ion 

measurements f o r  t h e s e  n u c l i d e s  could not  be made. 
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2 .  EQUIPMENT AND DESCRIPTION 
4 

The SETF equipment items used du r ing  Campaigns 3 and 4 f o r  f u e l  d i s -  

s o l u t i o n ,  feed  ad jus tment ,  and s o l v e n t  e x t r a c t i o n  were t h e  same as those  

d e s c r i b e d  f o r  Campaigns 1 and 2 . l  Use of p recoa ted ,  e tched-d isc  f i l t e r s  

( w i t h  e i t h e r  1-!-im o r  3-WI openings)  f o r  feed  c l a r i f i c a t i o n  was cont inued .  

I n  a d d i t i o n ,  two o t h e r  t ypes  of f i l t e r s  were employed i n  Campaigns 3 and 4 .  

A f r i t t e d  s t a i n l e s s  s tee l  f i l t e r ,  r a t e d  a t  0.5 WI and manufactured by t h e  

Mott M e t a l l u r g i c a l  Corpora t ion ,  was used f o r  p o l i s h i n g  p r e v i o u s l y  c l a r i f i e d  

f e e d  s o l u t i o n s  du r ing  two tests, and a "deep bed" type  of f i l t e r  c o n t a i n i n g  

a bed of diatomaceous e a r t h  as t h e  f i l t e r i n g  medium w a s  used f o r  t he  p r i -  

mary c l a r i f i c a t i o n  du r ing  s e v e r a l  tests. The f e a t u r e s  of the  "deep-bed" 

f i l t e r  are compared wi th  those  of t he  e tched-d isc  f i l t e r  i n  F ig .  1. Each 

f i l t e r  w a s  housed i n  an -10-cm-diam g l a s s  p ipe ,  -15 cm long.  The diatoma- 

ceous  e a r t h  used t o  precoa t  t he  e tched-d isc  f i l t e r  was -5 g of Cel i te-535 

covered by -1 g of Celite H i  Flo-Super Cel, bo th  manufactured by the  Johns 

Manvi l le  Company. About 100 g of Cel i te-535 and 25 g of H i  Flo-Super C e l  

were used i n  the  deep-bed f i l t e r ,  

3 .  OPERATING PROCEDURE 

The procedures  used f o r  d i s s o l u t i o n  of t h e  i r r a d i a t e d  f u e l s  and f o r  

1 t h e  s o l v e n t  e x t r a c t i o n  tests were the same as those  p r e v i o u s l y  desc r ibed .  

The feed  ad jus tment  and c l a r i f i c a t i o n  procedures  were modi f ied  t o  permi t  

( 1 )  c l a r i f i c a t i o n  of t h e  d i s s o l v e r  s o l u t i o n ,  and ( 2 )  a d d i t i o n  of H202 t o  

t h e  c l a r i f i e d  s o l u t i o n  du r ing  a 1-h d i g e s t i o n  per iod  a t  95°C p r i o r  t o  t h e  



4 

-r 

c
 

E =i 
0
 

I 

0
 

Z
 

m
-

 

r
 

r
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

.
.

.
.

.
.

.
.

.
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
.

.
.

.
.

.
.

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
.

.
.

.
.

.
.

.
.

.
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

,-/ 
/
 /
 /
 /
 /
 /
 /
 /
 /
 ,
 / /
 /
 /
 /
 

,/,,,,,,////.,/ 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

,
/
,
/
/
/
/
,
 

/
/
/
,
 
I 
,
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
’
/
/
/
/
,
 

.
.

 
v
w
w
 

W
 



5 

. 

r e g u l a r  feed  ad jus tment  s t e p s .  

s t e p  was t o  enhance d i s s o l u t i o n  of i n s o l u b l e  c o l l o i d s  t h a t  had passed 

through t h e  f i l t e r  and ,  t he reby ,  t o  prevent  o r  d imin i sh  t h e  subsequent  fo r -  

mat ion  of c o l l o i d - s t a b i l i z e d  emulsions ( c r u d s )  w i t h i n  t h e  e x t r a c t i o n  bank 

m i x e r - s e t t l e r s .  The i n c l u s i o n  of t h e s e  m o d i f i c a t i o n s  had been found t o  be 

b e n e f i c i a l  d u r i n g  tests made i n  Campaign 2 .  

The purpose of t h e  H202 a d d i t i o n 4 i g e s t i o n  

1 

4 .  EXPERIMENTAL CONDITIONS, RESULTS, AND DISCUSSION 

I n  t h e  HEF codecontaminat ion-cycle  f lowshee t ,  uranium and p,Jtonium 

are s e p a r a t e d  from t h e  f i s s i o n  products  but  not  from each o t h e r ,  whereas 

i n  t h e  par t ia l  p a r t i t i o n i n g - c y c l e  f lowshee t  , p a r t  of t he  uranium is 

s e p a r a t e d  from the  plutonium t o  produce a t y p i c a l  uranium product  p lus  a 

plutonium-uranium product  which is s a t i s f a c t o r y  f o r  use i n  FBR co re  f u e l .  

The codecontaminat ion and p a r t i a l  p a r t i t i o n i n g  c y c l e s  of t h e  HEF 

f l o w s h e e t s  were demonstrated and eva lua ted  while  p rocess ing  a s imula t ed  

FBR-type feed  s o l u t i o n  i n  SETF tes t  2-4 and an LWR-type feed  s o l u t i o n  i n  

test  3-1. (The r e s u l t s  from test 2-4 are d i scussed  in t h i s  r e p o r t  because 

t h e y  are p e r t i n e n t  t o  the  e v a l u a t i o n  of t h e  HEF f lowshee t s . )  

The use  of’HNO2 as t h e  reducing  agen t  f o r  Pu(1V) du r ing  r e d u c t i v e  

s t r i p p i n g  o p e r a t i o n s  was i n v e s t i g a t e d  i n  tests 4-2 and 4-3, and i t s  use i n  

a p o t e n t i a l l y  a t t r a c t i v e  f lowshee t  w a s  demonstrated i n  tests 3-2 ( f o r  pro- 

c e s s i n g  LWR-type feed  s o l u t i o n s )  and 3-4 ( f o r  p rocess ing  FBR-type f eed  

s o l u t i o n s ) .  The s o l v e n t  e x t r a c t i o n  behavior  of BWR-type f eed  s o l u t i o n s  was 

de termined  i n  tests 4-1, 4-2, and 4 - 3 .  Organic  s o l v e n t s  used i n  tests 3-3 

and 4-3 conta ined  15% ( v o l )  t r i -n -bu ty l  - phosphate  (TBP), whi le  t h e  TBP 
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concentration was 30% (vol) in the other tests. In all cases, the organic 

diluent was normal paraffin hydrocarbon (NPH). Operating conditions and 

detailed stream analyses for each of the solvent extraction tests are tabu- 

lated in the Appendix. 

4.1 Demonstration and Evaluation of HEF Flowsheets 

A schematic diagram of the HEF flowsheets for codecontamination and 

partial partitioning is shown in Fig. 2. Features of the codecontamination 

flowsheet include the use of a split scrub stream and a split strip stream. 

The split scrubs, one of high acidity (HAIS) and one of low acidity (HAS), 

are designed to obtain a high decontamination factor (DF) for both ruthe- 

nium and zirconium. The split strip streams are designed to effect 

complete stripping of plutonium into an aqueous solution ( H C I X  plus HCX) 

having a minimum acidity of 0 . 3  

uranium by means of an -0.01 - M HNO3 stream (HCX). 

tioning flowsheet include ( 1 )  reduction of plutonium to the trivalent state 

by means of hydrazine-stabilized hydroxylamine nitrate (HAN) in a con- 

tinuous plug-flow (nonbackmixing) reactor (simulated by a batch reactor in 

the SETF), (2) reacidification of the solution to extraction conditions for 

uranium, and ( 3 )  selective extraction of enough uranium to effect the 

desired partitioning. 

"03 and to enable complete stripping of 

Features of the parti- 

4.1.1 Codecontamination cycle 

The operating conditions used in the two codecontamination cycle tests 

are shown in Table 1. 
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Table 1. Conditions used in codecontamination tests 

- --I- ----___- 
Number Temperature 

Mixer-settler sections of stages ("C) 

. 

Extraction 
Scrub/intermediate scrub 
Low-acid/high-acid strip 

10 

b 
3/3 

a 
a 
50 

Flow ratios 
I 

Stream Test 2-4 Test 3-1 Solution composition 
~_______-____________--I_~ ---_____-----I__ ___--- 

HAF 
HAX 
HAS 
HA1 S 
HCX 
HCIX 

1 .o 1 .o 
1.93 2 .oo 
0.26 0.23 
0.14 0.13 
2.15 2.06 
0.20 0.20 

C 

30% TBP in NF" 
0.8 M HNO3 
3.0 E - HNO3 

3.1 M HNO3 
d 

- 
--I_____ __ _______________ __________ 

aThe temperature of the extraction/scrub bank was 40°C during test 2-4 

bLow-acid/high-acid strip stages were 2/ 14 during test 2-4 and 6 /  10 

=HAF composition was 3.3 M HN03--144 g/L U--13.5 g/L Pu during test 2-4 

dHCT composition was 0.007 M HNO3--O.OO2 - M HAN--0.0005 - M N2H4 during 

and 52°C during test 3-1. 

during test 3-1. 

and 2.9 M HNO3--156 g/L U--1.4-g/L Pu during test 3-1. 

test 2-4 and 0.05 - M HNO3 during test 3-1. 

The HAF solution used in test 2-4 was prepared by dissolving LWR fuel 

containing -2 kg of heavy metal and then adding plutonium that had been 

recovered in previous SETF runs. The uranium and plutonium concentrations 

in the HAF solution were adjusted to 144 g/L and 13.5 g/L, respectively, 

because these concentrations are similar to those expected during FBR fuel 

reprocessing. 

freshly dissolved LWR fuel and was adjusted to essentially the same total 

heavy-metal concentration (uranium, 156 g/L; plutonium, 1.4 g/L) as for 

test 2-4. 

In test 3-1, the HAF solution was formulated only from 
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Besides  t h e  d i f f e r e n t  plutonium c o n c e n t r a t i o n s  i n  t h e  feed s o l u t i o n s ,  

one o t h e r  f lowshee t  c o n d i t i o n  d i f f e r e d  i n  t h e  e x t r a c t i o n / s c r u b  bank d u r i n g  

t h e  two tests. The tempera ture  w a s  40°C d u r i n g  test 2-4 and 52°C d u r i n g  

tes t  3-1. The h i g h e r  tempera ture  i n  test 3-1 a p p a r e n t l y  improved decon- 

t a m i n a t i o n  from t h e  f i s s i o n  products  as shown i n  Table  2 .  I n  both tes ts ,  

t h e  l o s s e s  of uranium and plutonium t o  t h e  r a f f i n a t e  (HAW) stream were very  

low. 

Table 2 .  R e s u l t s  from codecontaminat ion tes ts  

--___ Test No. 
- - . ~  

2-4 3- 1 
~~~~ 

E x t r a c t i o n  l o s s e s ,  % 

U r  an  i um 
Plutonium 

DFs from: 

<9.7E-4 
6.1E-4 

lo6Ru ( e x t r a c t  i o n /  s c r u b )  3.3E3 
1 0 6 ~ u  ( o v e r a l l )  3.6E3 
1 3 7 ~ s  ( o v e r a l l )  2.1E5 
144ce ( o v e r a l l )  2.4E5 

3.3E-2 
7.1E-3 

5.6E3 
1.5E4 
5.4E5 

>6E4 

I n  t h e  two tests, two c o s t r i p p i n g  c o n d i t i o n s  were d i f f e r e n t .  The low- 

a c i d i t y  s t r i p  s o l u t i o n  (HCX) used i n  tes t  3-1 had a h i g h e r  a c i d  concent rs -  

t i o n  (0.05 - M "03) than  t h a t  i n  test 2-4 (0.007 - M "03) and conta ined  no 

r e d u c t a n t s .  Also ,  s i x  low-acid s t r i p p i n g  s t a g e s  were used i n  test 3-1, 

w h i l e  on ly  two were used i n  test 2-4. The c o s t r i p p i n g  r e s u l t s ,  which are 

i l l u s t r a t e d  by t h e  uranium and plutonium c o n c e n t r a t i o n  p r o f i l e s  g iven  i n  

F i g .  3 ,  show t h a t  t h e  c o n d i t i o n s  used i n  t e s t  2-4 were b e t t e r  than t h o s e  
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10-2 

10 

1 

10-1 

W 
1 0 - 2  

I 
a 
I 

v) 
3 
0 
W 
3 
0 
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TEST 
N O .  BX B IX  - - 

1 - 3 A  0.1 “ 0 3  -- 
2 - 4  0.006 g “03 3 M HNO3 

3-1 0.05 M H N 0 3  3 @ “03 
0.004 M HAN 

10-4 
I 

1 0 - 3 1 1  I I 1 1  1 1  1 1  I 1 1  I I 1 1  I 
1 4 8 12 16 

STAGE NO. 

1 4 8 12 16 

STAGE NO. 

F i g .  3. Uranium and plutonium p r o f i l e s  i n  t h e  c o s t r i p p i n g  bank. 
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. 

used i n  tes t  3-1 f o r  both uranium and plutonium s t r i p p i n g .  The plutonium 

c o n c e n t r a t i o n  p r o f i l e  from test 2-4 was s i m i l a r  t o  t h a t  ob ta ined  i n  a pre- 

v i o u s  tes t  (1-3A), i n  which only  a s i n g l e  s t r i p  stream (0.10 - M "0-3, 

w i t h o u t  r e d u c t a n t )  had been used a t  a similar flow r a t i o  but  a t  a lower 

tempera ture  ( 4 0 ° C ) ;  however, t h e  uranium s t r i p p i n g  i n  tes t  2-4 w a s  less 

e f f e c t i v e  than  t h a t  i n  t e s t  1-3A. 

4.1.2 P a r t i a l  p a r t i t i o n i n g  - c y c l e  

After each of the  codecontaminat ion tests, t h e  aqueous product  so lu-  

t i o n  was b a t c h - t r e a t e d  ( t o  s i m u l a t e  t h e  HEF cont inuous plug-flow r e a c t o r )  

f o r  Pu(1V) r e d u c t i o n  followed by a c i d  adjustment  t o  a c o n c e n t r a t i o n  

n e c e s s a r y  f o r  e f f i c i e n t  uranium e x t r a c t i o n .  A f t e r  t h i s  t r e a t m e n t ,  t h e  

s o l u t i o n  from tes t  2-4 w a s  d i v i d e d  i n t o  two ba tches  and t h a t  from test 3-1 

was d i v i d e d  i n t o  t h r e e  b a t c h e s ,  so t h a t  s e v e r a l  of t h e  process  parameters 

could  be t e s t e d  i n  t h e  subsequent  s e l e c t i v e  uranium e x t r a c t i o n  test  runs .  

The base- l ine  feed adjustment  t r e a t m e n t  c o n s i s t e d  of (1) a d d i t i o n  of 

t h e  plutonium r e d u c t a n t ,  HAN, and t h e  s t a b i l i z i n g  a g e n t ,  hydraz ine  ( t h e  

HAN/N~H~/Pu m o l e  r a t i o  w a s  4 /0 .27/1) ;  ( 2 )  d i g e s t i o n  a t  4OoC f o r  2 h; and 

(3) a c i d i f i c a t i o n  t o  1.3 - M "03. I n  both tests, t h e  p o r t i o n  of plutonium 

remaining i n  t h e  t e t r a v a l e n t  s ta te  a f t e r  t h e  r e d u c t i o n  s t e p  and a f t e r  t h e  

a c i d i f i c a t i o n  s t e p  ranged, r e s p e c t i v e l y ,  from 0.7 t o  1.3% (wt)  and from 2 

t o  4% ( w t ) .  

The base- l ine  c o n d i t i o n s  used i n  t h e  two tests ( s e e  Table  3) were 

des igned  t o  enable  p a r t i t i o n i n g  of enough uranium t o  produce a uranium- 

plutonium product  i n  which t h e  plutonium r e p r e s e n t e d  35% (wt)  of t h e  heavy 

metal (U + Pu). The c o n d i t i o n s  f o r  t h e  two tests d i f f e r e d  because t h e  



1 2  

Table 3. Conditions used in second cycle (partitioning) tests 

Mixer-settler bank 
No. of stages - 

Test 2-4 Test 3-1 
Temperature 

("C) 
~~~ 

Scrub/intermediate 

Stripping bank 16 16 
scrub/extraction bank 2/6/8 4/ 8/ 4 25-30 

50 

-- Flow ratios 
Stream Test 2-4 Test 3-1 - Solution composition -- - 

1AF 1 .o 1 .o 1.25 M HNO3-48 g/L of heavy metala 
1AX 0.37 0.68 30% TTP in NPH 
1 AS 0.12 0.11 0 - 1  E HNO3-0.02 - M w . 0 1  - M ~ 2 ~ 4  
l A I S  0.055 0.064 3 M HNO3 
1 cx 0.34 0.51 0.01 - M "03 

aComprised of 43 g/L of uranium plus 4.5 g/L of plutonium in test 2-4 
and 48 g/L of uranium plus 0.46 g/L of plutonium in test 3-1. Feeds for 
base-line tests also contained HAN and N2H4, which were added during the 
feed adjustment at a HAN/N2H4/Pu mole ratio of 4/0.27/1. 

plutonium concentration in test 3-1 had to be increased by a factor of 37 

(from 0.95 to 35 w t  X ) ,  whereas that in test 2-4 required a concentration 

factor (CF) of only 3.7 (from 9.5 to 35 wt X ) .  The results of the two 

tests (summarized in Table 4) showed that, although the intended plutonium 

enrichment was excessive, the separations obtained were similar. 

Table 4 .  Results of partitioning cycle tests with synthetic FBR and 
LWR fuel solutions 

-- Pu i n  uranium product ~- 
Test Pu in U-Pu product Concentration Percent 

(wt % of heavy metal) ( PPd of feed Pu 
-_-- --- - --- 
2-4 (synthetic FBR) 59 6.9 3.7E-4 . 
3-1 (LWR) 58 4.3 3 .OE-2 
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During test 2-4, t h e  e f f e c t  of i n c r e a s i n g  t h e  e x t r a c t i o n / s c r u b  bank 

tempera ture  from 26°C t o  50°C w a s  t o  d e c r e a s e  t h e  s e p a r a t i o n  of uranium and 

plutonium s l i g h t l y  as shown i n  Table  5. Uranium, plutonium, and 

HNO3 c o n c e n t r a t i o n  p r o f i l e s  d u r i n g  o p e r a t i o n  a t  t h e  two tempera tures  are 

shown i n  Fig.  4. The plutonium c o n c e n t r a t i o n  p r o f i l e  i n d i c a t e s  t h a t  a 

small amount of plutonium r e f l u x i n g  occurred  while t h e  bank was a t  50°C. 

Table  5. R e s u l t s  of p a r t i t i o n i n g  a t  v a r i o u s  c o n d i t i o n s  

_______-_- - --- 

Pu i n  Pu i n  
Run No. Condi t ions  U-Pu product  uranium product  

(wt  X )  ( P P d  

2-4B Base l i n e a  59 

2-4C E x t r a c t i o n / s c r u b  bank 
(50°C) 47 

3-1C Base l i n e a  58 

3-1B No N2H4 i n  feed  o r  s c r u b  51 

3-1D 3 - M "03 i n  feed  -0 

6.9 

11.3 

4.3 

27 .O 

b 
~~ ~ 

aDescribed i n  Table 3. 
b411 plutonium i n  t h e  feed was reoxid ized  and e x t r a c t e d  a long  w i t h  t h e  

uranium. Most of t h e  e x t r a c t e d  plutonium r e f l u x e d  i n  the  s c r u b  s e c t i o n ,  
c a u s i n g  t h e  test t o  be a b o r t e d .  

D i f f e r e n t  feed  adjustment  c o n d i t i o n s  were e v a l u a t e d  d u r i n g  t e s t  3-1. 

Run 3-1B w a s  made wi thout  hydraz ine  i n  t h e  feed  (1AF) o r  i n  t h e  s c r u b  (1AS)  

stream. Following t h e  feed  a d j u s t m e n t ,  t h e  p o r t i o n  of t h e  plutonium 

remaining i n  t h e  t e t r a v a l e n t  s ta te  was t h e  same ( 4 % )  as a f t e r  t h e  b a s e - l i n e  

f e e d  adjustment  ( w i t h  hydraz ine) .  However, d u r i n g  t h e  m i x e r - s e t t l e r  

o p e r a t i o n ,  t h e  e x t r a c t e d  plutonium w a s  not  e f f e c t i v e l y  scrubbed and t h e  
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plutonium c o n c e n t r a t i o n  i n  t h e  uranium product  was s i g n i f i c a n t l y  i n c r e a s e d  

( f rom 4 ppm t o  27 ppm) as shown i n  Table  5. The use of hydraz ine  was bene- 

f i c i a l  i n  t h e  s e l e c t i v e  uranium e x t r a c t i o n  run (3-1C) because t h e  aqueous- 

phase a c i d i t y  i n  t h e  c o n t a c t o r  was -1.5 - M "03. 

i n d i c a t e d  t h a t  u n s t a b i l i z e d  HAN (wi thout  hydraz ine)  can be used e f f e c t i v e l y  

f o r  t h e  r e d u c t i o n  of Pu(1V) only  when the  aqueous-phase a c i d i t y  i s  kept  

below 1 M "03, p r e f e r a b l y  less than 0.5 - M "03. 

Previous  s t u d i e s 1  have 

- 
During test run 3-1D, h y d r a z i n e - s t a b i l i z e d  HAN was used ( a s  i n  t h e  

b a s e - l i n e  feed adjustment  procedure)  ; however, a f t e r  t h e  Pu( TV) i n  t h e  feed  

b a t c h  had been reduced,  t h e  s o l u t i o n  w a s  a c i d i f i e d  t o  3 - M " 0 3 .  A t  t h i s  

a c i d i t y ,  t h e  r e d u c t a n t s  were r a p i d l y  des t royed  ( a p p a r e n t l y  by r a d i o l y t i -  

c a l l y  produced n i t r o u s  a c i d )  and t h e  P u ( I I 1 )  w a s  ox id ized .  The s o l v e n t  

e x t r a c t i o n  run w a s  a b o r t e d  before  s t e a d y  s ta te  was reached because of 

e x t e n s i v e  r e f l u x i n g  of t h e  plutonium. Before t h e  shutdown, s t a g e  samples 

were taken t o  s u b s t a n t i a t e  t h e  r e f l u x i n g ,  as shown i n  Fig.  5 .  

4.2 Use of .  "02 f o r  Reduct ive S t r i p p i n g  of Plutonium 

The p r i n c i p l e  of us ing  " 0 2  f o r  r e d u c t i v e  s t r i p p i n g  of plutonium was 

proposed by B a t h e l l i e r ,  and a process  f o r  i t s  a p p l i c a t i o n  i n  c o s t r i p p i n g  

plutonium and uranium was devised  later by T s u j i n o  et  a l .3  

based on t h e  p r i n c i p l e  t h a t  t h e  redox p o t e n t i a l  of P u ( I I I ) / P u ( I V )  i n  t h e  

HNO3-HN02 system is such t h a t  " 0 2  reduces  Pu(IV) t o  P u ( I I 1 )  a t  a c i d i t i e s  

below -0.5 M "03. I t  is w e l l  known t h a t  "02 o x i d i z e s  P u ( I I 1 )  t o  Pu(1V) 

a t  h i g h e r  a c i d i t i e s .  That p r o p e r t y ,  t o g e t h e r  wi th  t h e  f a c t  t h a t  "02 i s  

c o n t i n u o u s l y  genera ted  i n  "03 s o l u t i o n s  c o n t a i n i n g  plutonium (by r a d i o l y s i s  

2 

The process  i s  

- 
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of "03) has  i n d i c a t e d  t h e  need f o r  ho ld ing  r e d u c t a n t s  i n  HN03 s o l u t i o n s  

c o n t a i n i n g  P u ( I I 1 ) .  

The use  of "02 as a reducing  agent  f o r  plutonium i n  p a r t i a l  p a r t i t i o n -  

i n g  o p e r a t i o n s  was i n v e s t i g a t e d  du r ing  SETF Campaign 2. The i n v e s t i g a t i o n  

w a s  cont inued  du r ing  Campaigns 3 and 4 because t h e  i n i t i a l  r e s u l t s  were 

encouraging  (p lu tonium s t r i p  y i e l d s  of up t o  99% were ob ta ined  wi th  P lu to-  

nium c o n c e n t r a t i o n  f a c t o r s  of 5 t o  10) and because the  process  has  s e v e r a l  

a t t r a c t i v e  f e a t u r e s ,  such as: 

1. When "02 i s  added t o  t h e  HN03/TBP/Pu system, i t  i n t r o d u c e s  no new 
chemica ls  t h a t  could create hazardous emiss ions  o r  s o l i d s  i n  t h e  waste 
streams. Added "02 on ly  supplements t h a t  a l r e a d y  being gene ra t ed .  

2.  The "02 can be e a s i l y  added t o  t h e  system by d i s s o l v i n g  it  i n  the  
o r g a n i c  i n l e t  stream, s i n c e  t h e  s o l u b i l i t y  of "02 i n  TBP/NPH i s  
r e l a t i v e l y  high.  The TBP'HN02 a d d i t i o n  product  has  been s u c c e s s f u l l y  
prepared  by bubbl ing NO gas  i n t o  n i t r i c  a c i d  which was i n  c o n t a c t  wi th  
t h e  o r g a n i c  s o l v e n t  (TBP/NPH). N i t rous  a c i d  is formed and e x t r a c t e d  
acco rd ing  t o  the  r e a c t i o n s  : 

2N0 + HNO3 + H 2 0  z3HNO2, (1) 

3 .  Excess  " 0 2  c a n  be e a s i l y  removed from the  waste o r g a n i c  by v e n t i n g  
and purging t o  remove NO g a s  as t h e  "02 decomposes acco rd ing  t o  t h e  
r e v e r s e  of r e a c t i o n  ( 1 ) .  

The c h a r a c t e r i s t i c s  p r e v i o u s l y  found t o  be necessa ry  f o r  s a t i s f a c t o r y  

u s e  of t h e  process  do n o t  appear  t o  be d i f f i c u l t  and can be d e s c r i b e d  as 

f o l l o w s  : 

1. S t r i p p i n g  works b e s t  a t  lower tempera tures  ( i . e . ,  t h e  use of ambient 
t empera tu res  of 25-35°C has  g iven  s a t i s f a c t o r y  r e s u l t s ) .  

2 .  The plutonium r e d u c t i o n  rate is r e l a t i v e l y  s low,  and only  p a r t i a l  
r e d u c t i o n  i s  u s u a l l y  achieved;  t h u s ,  a complete s e p a r a t i o n  of plutonium 
from uranium would be d i f f i c u l t .  However, a complete s e p a r a t i o n  i s  not 
necessa ry  i n  coprocess ing  o p e r a t i o n s .  
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3. Because of t h e  s u s c e p t i b i l i t y  of TBP'HN02 t o  decomposi t ion by v e n t i n g  
NO accord ing  t o  t h e  r e v e r s e  of r e a c t i o n  ( l ) ,  t h e  TBP'HNO2/NPH solu-  
t i o n  must be s t o r e d  i n  a c losed  system. T h i s  system may be b e t t e r  
s u i t e d  t o  column o p e r a t i o n s  (perhaps  under a s l i g h t  p o s i t i v e  p r e s s u r e )  
t h a n  i n  open m i x e r - s e t t l e r s ,  a l t h o u g h  it  has been used s u c c e s s f u l l y  
i n  t h e  SETF m i x e r - s e t t l e r s  where t h e  o r g a n i c  s o l u t i o n  i s  vented and 
exposed d u r i n g  r e s i d e n c e  times of 10 t o  20 min. In t h e  SETF tests, 
t h e  TBP'HN02 c o n c e n t r a t i o n  has  been n e a r l y  uniform throughout  t h e  bank. 

4 .2 .1 Demonstration of p o t e n t i a l  f lowshee ts  us ing  "02 
I__ __-- -_----I ~ _ -  

During Campaign 3 ,  a p o t e n t i a l l y  u s e f u l  f lowshee t  which i n c o r p o r a t e d  

t h e  use of HN02 f o r  r e d u c t i v e  s t r i p p p i n g  of plutonium w a s  examined. This  

scheme, shown i n  Fig.  6 ,  u t i l i z e s  t h r e e  s o l v e n t  e x t r a c t i o n  c o n t a c t o r s .  I n  

t h e  A-contactor,  uranium and plutonium are c o e x t r a c t e d  and coscrubbed; i n  

t he  R-COntaCtOK, plutonium and uranium are s t r i p p e d  but  par t  of t h e  uranium 

i s  r e e x t r a c t e d  o r  backscrubbed (a form of p a r t i a l  p a r t i t i o n i n g ) ;  and i n  

t h e  C-contactor ,  t h e  remaining uranium is  s t r i p p e d .  This  method f e a t u r e s  

(1) a d d i t i o n  of "02 i n t o  t h e  B-contactor v i a  d i s s o l u t i o n  i n  t h e  o r g a n i c  

backscrub stream (BS),  and ( 2 )  t h e  use of 0.10 - M "03 as t h e  s t r i p  s o l u t i o n  

f o r  bo th  t h e  uranium-plutonium product  in t h e  B-contactor (BX) and f o r  t h e  

uranium product  i n  t h e  C-contactor (CX). The B-contactor is opera ted  a t  

30°C and t h e  C-contactor a t  4 O O C .  I n  a d d i t i o n  t o  i t s  use f o r  decontamina- 

t i o n  purposes ,  t h e  low-acidi ty  s c r u b  stream (AS) i n  t h e  A-contactor serves 

t o  reduce t h e  a c i d i t y  i n  t h e  pregnant  o r g a n i c  stream (AP/BF) and t h u s  

e n a b l e s  maintenance of t h e  maximum aqueous-phase a c i d i t y  i n  t h e  B-contactor 

a t  <0.6 - M "03. - 
A series of SETF tes t  runs (3-2A through 3-2D) w a s  made t o  demon- 

s t ra te  var ious  a s p e c t s  of t h e  f lowshee t .  A t  t h e  c o n d i t i o n s  used d u r i n g  

t e s t  run 3-2A (Table  6 ) ,  t h e  plutonium s t r i p p i n g  y i e l d  i n  t h e  B-contactor 
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Table  6. Flow r a t i o s  and s o l u t i o n  composi t ions  du r ing  t h e  3-2 series 
of p a r t i t i o n i n g  tests 

"03, 3.2 3.5 3.4 3.9 
u ,  g/L 153 152 152 18.9 
Pu, g/L 1.28 0.026 1.42 1.54 

AF f low rate ,  L/h 0.82 0.82 0.81 0.95 

Flow r a t i o s  (AF = 1.0) 

AS 
AIS 
Ax 
BS 

BX 
cx 

0.22 0.23 0.22 0.10 0.8 M HNO3 
0.13 0.14 0.13 0.066 3.0 HNO3 
1.69 .1.75 1.72 0.35 30% 'TBP i n  NE" 
0.70 0.74 0.67 0.15 30% TBP i n  NPH; 

0.62 0.59 0.59 0.16 0.10 M-HNO3 
-- -- -- 0.10 E "03 2 . 3 8  ' - 

0.25 M "02 

was 99.93% and t h e  plutonium c o n t e n t  of t h e  BP stream was 5.3% of t h e  heavy 

metal (U + Pu). Th i s  r ep resen ted  a plutonium CF of 6.4. These r e s u l t s  

(and  o t h e r s )  showed t h a t  a s i g n i f i c a n t  enr ichment  of t h e  plutonium (CF i n  

t h e  range of 5 t o  10) could be ob ta ined  whi le  ma in ta in ing  a s u f f i c i e n t  plu- 

tonium s t r i p p i n g  y i e l d .  

Although 0.07% of t h e  plutonium e n t e r i n g  t h e  B-contactor  du r ing  test 

3-2A remained wi th  t h e  uranium i n  t h e  BU stream, 0.068% (97% of t h e  0.07%) 

was recovered a long  wi th  t h e  uranium product  (CP) i n  t h e  C-contactor .  A 

test  (3-2B) w a s  then made t o  demonst ra te  t h a t ,  i f  a s i g n i f i c a n t  amount of 

plutonium was recovered wi th  t h e  uranium i n  t h e  CP stream dur ing  t h e  f i r s t -  

c y c l e  o p e r a t i o n s ,  i t  could be p a r t i t i o n e d  i n  t h e  subsequent  uranium second- 

c y c l e  o p e r a t i o n  by us ing  t h e  same t h r e e - c o n t a c t o r  f lowshee t .  The feed  f o r  

t e s t  3-2B was  t he  uranium product  from tes t  3-2A. A small amount of " e x t r a "  

. 
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t 

? 

plutonium w a s  added t o  t h e  3-2B feed .  The feed  ad jus tment  f o r  t es t  run 

3-2B, which inc luded  an i n t e r c y c l e  evapora t ion  of t h e  feed  s o l u t i o n ,  was 

done wi thout  apparent  d i f f i c u l t y  o r  l o s s  of plutonium. The uranium- 

plutonium product  (BP) from t h e  r u n  conta ined  99.96% of t h e  plutonium and 

11.3% of t h e  uranium (CF = 8.3) .  

S ince  the  plutonium CFs obta ined  wi th  the  f lowshee t  shown i n  F ig .  6 

are t y p i c a l l y  i n  t h e  range of 5 t o  10, and a CF of - >30 i s  needed t o  p repa re  

FBR co re  f u e l  from LWR f u e l  s o l u t i o n s ,  t h e  uranium-plutonium product  would 

need t o  be p a r t i t i o n e d  f u r t h e r  by means of a second c y c l e  of t h e  f lowshee t .  

T h i s  w a s  demonstrated by tests 3-2C and 3-2D. I n  t h e  f i r s t  c y c l e  (3-2C), 

t h e  plutonium s t r i p p i n g  y i e l d  was 99.93% and t h e  CF w a s  6.7; i n  t h e  second 

c y c l e  (3-2D), t h e  s t r i p p i n g  y i e l d  was 99.97% and t h e  CF w a s  9.3. Plutonium 

i n  t h e  second-cycle U-Pu product  was 63% of t h e  heavy metal (U + Pu).  

When p rocess ing  FBR-irradiated f u e l  s o l u t i o n s  (mixed c o r e  and b l a n k e t ) ,  

t h e  i n i t i a l  plutonium w i l l  r e p r e s e n t  -10% of the  heavy metal and a CF of 

o n l y  3 t o  4 w i l l  be needed. Thus,  on ly  one c y c l e  of t h e  f lowshee t  would be 

r e q u i r e d .  Test 3-3 w a s  made t o  demonst ra te  t h e s e  c o n d i t i o n s .  The feed  

s o l u t i o n  was  formula ted  t o  c o n t a i n  uranium, plutonium, and f i s s i o n  product  

elements a t  c o n c e n t r a t i o n s  of 98, 7.4, and -2 g/L, r e s p e c t i v e l y ,  by cornbin- 

i n g  a ba tch  of d i s s o l v e r  s o l u t i o n  (from LWR f u e l )  w i th  r e c y c l e  plutonium. 

The r ecyc led  plutonium a p p a r e n t l y  con ta ined  aqueous-soluble  TBP-decomposi- 

t i o n  products  which caused the  format ion  of a zirconium-based emulsion i n  

t h e  e x t r a c t i o n  bank and r e s u l t e d  i n  o p e r a t i o n a l  d i f f i c u l t i e s  du r ing  t h e  

test run. I n  an e f f o r t  t o  improve o p e r a t i o n s ,  t h e  TBP c o n c e n t r a t i o n  i n  t h e  

so lven t  was reduced t o  15%. S t i l l ,  numerous shutdowns were requ i r ed  t o  

remove emulsion from the  A-contactor.  I n  s p i t e  of t he  o p e r a t i n g  d i f f i c u l t y ,  
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good d a t a  were obta ined  from t h e  B-contactor and t h e  e f f e c t  of f low r a t i o  

i n  t h e  s t r i p  s e c t i o n  of t h a t  c o n t a c t o r  on t h e  plutonium CF w a s  e v a l u a t e d .  

Organic/aqueous r a t i o s  of 4.7, 5.9, and 7.0 were used i n  t h e  s t r i p  s e c t i o n  

( a n  O / A  r a t i o  of 1.0 was maintained i n  t h e  s c r u b  s e c t i o n )  t o  o b t a i n  CFs of 

2 . 3 ,  3.0, and 3.7, r e s p e c t i v e l y ;  t h e s e  are i n  t h e  range r e q u i r e d  f o r  pro- 

c e s s i n g  FBR f u e l s .  The y i e l d  of s t r i p p e d  plutonium, 99.94%, w a s  not  

a f f e c t e d  s i g n i f i c a n t l y  by t h e  f low r a t i o  changes. 

4.2.2 E f f e c t s  of process  parameters  
__p__.___p--- 

During Campaign 4 (Tables  A-3, A - 4 ,  A-5,  and A - 6 ) ,  tests were made t o  

e l u c i d a t e  t h e  e f f e c t s  of two of t h e  process  parameters :  

ratio and t h e  r e s i d e n c e  time of s o l u t i o n s  w i t h i n  t h e  uranium-plutonium 

t h e  HN02/Pu mole 

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

In o r d e r  t o  de te rmine  t h e  e f f e c t s  of HNO2/Pu mole r a t i o ,  r e s u l t s  from 

s e v e r a l  p a r t i a l  p a r t i t i o n i n g  tests were compared (F ig .  7 ) .  I n  t h e s e  tests, 

e i t h e r  t h e  r e d u c t a n t  was omi t ted  o r  vary ing  amounts of " 0 2  (Table  A-4) were 

added v i a  t h e  o r g a n i c  backscrub stream. F i g u r e  7 shows t h e  aqueous-phase 

plutonium c o n c e n t r a t i o n  p r o f i l e s  w i t h i n  t h e  p a r t i a l  p a r t i t i o n i n g  c o n t a c t o r  

( a  16-stage m i x e r - s e t t l e r  c o n t a i n i n g  13 s t r i p p i n g  and 3 scrub  s t a g e s ) .  

c a l c u l a t e d  (SEPHIS code) composi t ion p r o f i l e  f o r  Pu(1V) s t r i p p i n g  i s  shown 

f o r  comparison wi th  t h e  d a t a .  T h i s  c a l c u l a t e d  p r o f i l e  i n d i c a t e d  t h a t ,  a t  

t h e  c o n d i t i o n s  used,  most of the  plutonium would r e f l u x  u n l e s s  some reduc- 

t i o n  t o  P u ( I I 1 )  was provided.  Actual  r e s u l t s  i n d i c a t e d  t h a t ,  even i n  tests 

where no "02 w a s  added, t h e  "02 a p p a r e n t l y  genera ted  by r a d i o l y s i s  of 

"03 (0.15 mol/mol plutonium i n  t h i s  c a s e )  enabled enough r e d u c t i o n  of 

Pu(IV) t o  improve t h e  plutonium s t r i p p i n g  s i g n i f i c a n t l y  ( t h e  s t r i p p i n g  

A 



2 3  
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y i e l d  i n  t h i s  run w a s  97.9%). Moreover, when a r e l a t i v e l y  small amount of 

"02 w a s  added (Table A-4) t o  make t h e  "02 and plutonium approximately 

equimolar (measured mole r a t i o  of 1.2 i n  t h i s  tes t ) ,  t he  plutonium 

s t r i p p i n g  was e s s e n t i a l l y  as e f f e c t i v e  as when a l a r g e  excess  of "02 w a s  

used. 

The e f f e c t  of r e s idence  t i m e  i n  t h e  m i x e r - s e t t l e r  on s t r i p p i n g  per for -  

mance w a s  i n v e s t i g a t e d  dur ing  tes t  4-3 (Table A-4) while us ing  15% T B F N P H  

as the  o rgan ic  e x t r a c t a n t  and backscrub s o l u t i o n .  The r e s u l t s ,  summarized 

i n  Table 7 ,  show t h a t  dec reas ing  the  r e s idence  t i m e  by a f a c t o r  of -2 

Table 7.  E f f e c t  of s t r ip-bank r e s idence  t i m e  on U-Pu s t r i p p i n g  

__.__ - -- -_________--_I_ --.--I-.- ~ 

Residence t i m e  pe r  s t a g e  i n  s t r i p  __I_ bank 
-_I_-.--- 

"Long"a **Short  '' 

MixerC S e t t l e r C  MixerC S e t t l e r C  
~ _ _ _ _ _ _ _ _ - _  

( s )  (SI (SI (SI 

Organic so lu t iond  
(15% TBP/NPH) 

32 53 16 26 

Aqueous s o l u t i o n  d 144 240 78 126 

HN02/Pu mole r a t i o  40 110 

S t r i p p i n g  performance 
% of Pu s t r i p p e d  
% of U s t r i p p e d  
% Pu i n  U-Pu product 
Pu CF 

99.81 
6 .O 
9.4 

12 

99.75 
5.4 

11.1 
14 

aData from test  4-3A. 
bData from tes t  4-3B. 
CBased on s t a g e  volumes of 30 mL i n  mixer and 50 mL i n  s e t t l e r .  
dBased on es t imated  organic/aqueous volume r a t i o  of 2 / 1  i n  each s t age .  
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caused very  l i t t l e  change i n  t h e  s t r i p p i n g  performance. The plutonium con- 

c e n t r a t i o n  p r o f i l e ,  shown i n  Fig.  8 ,  i n d i c a t e d  only  a s l i g h t  d e g r a d a t i o n  of 

s t r i p p i n g  e f f i c i e n c y  w i t h i n  t h e  c o n t a c t o r .  It  is  i n t e r e s t i n g  t o  note  t h a t ,  

a t  t h e  s h o r t e r  r e s i d e n c e  t i m e  ( t e s t  4 - 3 B ) ,  t h e  " 0 2  c o n c e n t r a t i o n  w i t h i n  

t h e  c o n t a c t o r  w a s  two t o  t h r e e  times h igher  even though t h e  c o n c e n t r a t i o n  

e n t e r i n g  t h e  c o n t a c t o r  v i a  t h e  backscrub stream was t h e  same. Apparent ly ,  

t h e  l o s s  of " 0 2  by decomposition and v e n t i n g  of NO w a s  decreased  by us ing  

a s h o r t e r  r e s i d e n c e  t i m e .  

4.2.3 Absence of plutonium polymer ~ - - _ - -  format ion  
_I_ __ 

Since  the  use of " 0 2  as a r e d u c t a n t  f o r  Pu(1V) r e q u i r e s  o p e r a t i o n  of 

t h e  c o n t a c t o r  with aqueous-phase a c i d i t i e s  of -0 .5  - M HNO3 o r  less, t h e  use  

of s t r i p  s o l u t i o n s  c o n t a i n i n g  a c i d i t i e s  as low as 0.10 - M HNO3 has been 

al lowed i n  t h e  SETF. 

aqueous-phase a c i d i t y  was u s u a l l y  - >0.25 - M HNO3 w i t h i n  t h e  c o n t a c t o r  i n  t h e  

r e g i o n  where t h e  plutonium c o n c e n t r a t i o n  was h i g h e s t .  This  was due t o  t h e  

s t r i p p i n g  of a c i d  from t h e  pregnant  o r g a n i c  stream (AP). The p o s s i b i l i t y  

of plutonium polymer formation a t  these r e l a t i v e l y  low ac id i t i e s  w a s  

recognized ,  but  no evidence of polymer format ion  ( i .e . ,  s i g n i f i c a n t  p lu to-  

nium l o s s e s  o r  format ion  of s o l i d s  and/or  c ruds  w i t h i n  t h e  s t r i p  c o n t a c t o r )  

was observed d u r i n g  any of t h e  SETF tests. Moreover, f o l l o w i n g  Campaign 3 ,  

t h e  m i x e r - s e t t l e r s  were leached wi th  8 - M HNO3 f o r  s e v e r a l  days ( i n c l u d i n g  

16 h a t  50°C) t o  d i s s o l v e  any polymer t h a t  may have been d e p o s i t e d .  Only 

1 mg of plutonium w a s  leached from t h e  s t r i p p i n g  c o n t a c t o r ,  compared wi th  a 

t o t a l  of 1.4 kg of plutonium t h a t  had been processed i n  t h e  m i x e r - s e t t l e r s .  

Even when t h e  s t r i p  s o l u t i o n  was 0.10 - M " 0 3 ,  t h e  
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F i g .  8. E f f e c t  of s t r i p  bank r e s i d e n c e  t i m e  on plutonium and 
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“ 0 2  c o n c e n t r a t i o n s .  
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I n  associated laboratory studies, Lloyd and North4 p 5  investigated the 

possibility of plutonium polymer formation while stripping a 30% TBELNPH 

solution that contained 70 g of uranium, 1.5 g of plutonium, and 0.2 mol 

of "03 per liter (these are concentrations typically obtained when pro- 

cessing LWR fuels). The organic solution was batch-stripped with five suc- 

cessive volumes of HNO3 solution at 50°C. 

polymer formation was found when using strip solutions with acidities of 

>0.05 - M HNO3. 

No indication of plutonium 

- 

4.3 Comparison of Solvent Extraction Behavior of Feed Solutions 

The extraction-scrubbing conditions of test 4-1 (Table A-4) were 

selected to allow comparison of the solvent extraction behavior of a feed 

solution prepared from the Dresden-1 BWR fuel with that observed in test 

3-1 (Table A-1) for feed prepared from H. B. Robinson-2 PWR fuel. No 

significant differences were found. Uranium and plutonium losses to the AW 

stream were 0.04% and 0.002%, respectively, for the Dresden fuel as com- 

pared with 0.03% and 0.007% f o r  the Robinson f u e l .  The decontamination 

factors (DFs) of 3 x lo4 for lo6Ru, 4 x lo6 for 137Cs, and >2 x lo5 for 

144Ce, obtained when processing Dresden fuel, were slightly higher than 

those obtained when processing Robinson fuel (1.5 x lo4 for lo6Ru, 5 x 

lo5 for 137Cs, and >6 x lo4 for 144Ce). 

4.4 Feed Clarification Improvements 

Methods for preventing the formation of cruds in the extraction bank 

have been evaluated in previous SETF experiments. Some improvement had 
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been obta ined  i n  one tes t  i n  which t h e  d i s s o l v e d  LWR f u e l  s o l u t i o n  was 

( 1)  c l a r i f i e d  by means of f i l t r a t i o n  us ing  a p r e c o a t e d ,  e tched-disc  f i l t e r  

(1-pm pore openings) ;  ( 2 )  d i l u t e d  t o  a heavy-metal c o n c e n t r a t i o n  of 150 

g/L; and (3) d i g e s t e d  with H202 a t  9OOC.  

enhance the  d i s s o l u t i o n  of any metal c o l l o i d s  i n  t h e  c l a r i f i e d  feed  solu-  

t i o n .  S ince  t h e  i n i t i a l  t r i a l  appeared promising,  t h e  procedure w a s  t e s t e d  

f u r t h e r  d u r i n g  Campaign 3. 

This  procedure w a s  employed t o  

Two m o d i f i c a t i o n s  were made p r i o r  t o  s o l v e n t  e x t r a c t i o n  test run 3-1A. 

The f i r s t  m o d i f i c a t i o n  was the  use of a cont inuous ( r a t h e r  than a ba tch)  

a d d i t i o n  of H202 d u r i n g  t h e  d i g e s t i o n  s t e p ,  and t h e  second m o d i f i c a t i o n  w a s  

a n  a d d i t i o n a l  c l a r i f i c a t i o n  of the  t r e a t e d  feed s o l u t i o n .  The l a t t e r  w a s  

accomplished by f i l t r a t i o n ,  u s i n g  a s i n t e r e d - m e t a l  f i l t e r  r a t e d  a t  0.5 pm. 

The amount of crud formed i n  t h e  e x t r a c t i o n  bank d u r i n g  s o l v e n t  e x t r a c t i o n  

t es t  3-1A w a s  s i g n i f i c a n t l y  decreased  compared t o  t h a t  observed i n  prev ious  

r u n s .  

e f f e c t i v e  than  t h e  f i l t r a t i o n .  

During later tests, t h e  d i g e s t i o n  w i t h  H202 was found t o  be more 

During Campaign 4 ,  excellent r e s u l t s  were achieved by c la r - i fy ing  t h e  

d i s s o l v e r  s o l u t i o n s  v i a  f i l t r a t i o n  using a “deep-bed‘’ type  of f i l t e r  t h a t  

conta ined  a bed of diatomaceous e a r t h  as t h e  f i l t e r i n g  medium ( s e e  F ig .  1). 

The f i l t r a t i o n s ,  which were accomplished a t  up t o  5 L/h ( i n  comparison wi th  

t h e  0.5- t o  2-L/h rates obta ined  w i t h  t h e  p r e c o a t e d ,  e tched  d i s c  f i l t e r ) ,  

y i e l d e d  f i l t r a t e s  t h a t  were l i g h t l y  co lored  and f r e e  of v i s i b l e  s o l i d s .  

(Samples of t h e  f i l t r a t e  were c e n t r i f u g e d  a t  h igh  - g v a l u e s ,  and no accumu- 

l a t i o n  of s o l i d s  w a s  observed.)  Only a r e l a t i v e l y  small format ion  of crud 

was observed i n  t h e  subsequent  s o l v e n t  e x t r a c t i o n  runs.  

L 
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5 .  CONCLUSIONS 

The fo l lowing  conclus ions  have been e s t a b l i s h e d  from t h e  most s i g n i f i -  

c a n t  r e s u l t s  of Campaigns 3 and 4 of the  SETF: 

1 .  The HEF f lowsheet  f o r  p a r t i a l  p a r t i t i o n i n g  (by means of reducing t h e  
plutonium i n  t h e  feed s o l u t i o n  t o  t h e  t r i v a l v e n t  s ta te  followed by 
s e l e c t i v e  e x t r a c t i o n  of p a r t  of t h e  uranium) can only  be performed 
s u c c e s s f u l l y  by l i m i t i n g  t h e  maximum a c i d i t y  of t h e  feed s o l u t i o n .  
T h i s  is because HAN, which is used as t h e  r e d u c t a n t  f o r  t e t r a v a l e n t  
plutonium, becomes less e f f e c t i v e  as t h e  aqueous-phase a c i d i t y  i s  
i n c r e a s e d .  Previous  tests i n d i c a t e d  t h a t  HAN could be used e f f e c -  
t i v e l y  i f  t h e  aqueous-phase a c i d i t y  w a s  k e p t  <1 M "03 ( p r e f e r a b l y  
below 0.5 M "03). 
when t h e  maximum aqueous a c i d i t y  w a s  -1.5 M " 0 3 ,  but  a test  a t  3 M 
"03 f a i l e d  completely because t h e  t r i v a l e n t  plutonium was rapidly-  
r e o x i d i z e d .  

However, t h e  HEF f lowshee t  was t e s t e d  s u c c e s s f u l l y  

2. 

. 

A process  i n  which "02 i s  added t o  t h e  o r g a n i c  s o l v e n t  i n  t h e  
plutonium-uranium s t r i p  c o n t a c t o r  and s e r v e s  as t h e  r e d u c t a n t  f o r  
t e t r a v a l e n t  plutonium appeared t o  be a t  t r a c t i v e  f o r  use i n  reprocess-  
i n g  i r r a d i a t e d  f u e l s  from both FBRs and LwRs. The most a t t r a c t i v e  
f e a t u r e  i s  t h a t ,  when "02  i s  added t o  t h e  HN03/TBP/Pu system, i t  only  
supplements  t h e  " 0 2  a l r e a d y  being g e n e r a t e d  i n  t h e  system by r a d i o l y -  
s is  of " 0 3 ;  t h u s ,  i t  i n t r o d u c e s  no new chemicals  i n t o  t h e  system. 
For  s u c c e s s f u l  o p e r a t i o n ,  t h e  aqueous-phase a c i d i t y  i n  t h e  plutonium 
s t r i p p i n g  c o n t a c t o r  must be kept  below -0 .6  M "03. 
of the  Pu(1V) r e d u c t i o n  is not a s  good as when iiAN is used,  but  i t  
a p p e a r s  s u f f i c i e n t  f o r  p a r t i a l  p a r t i t i o n i n g  o p e r a t i o n s ,  e s p e c i a l l y  
when process ing  FBR f u e l s  from which a l a r g e  degree of s e p a r a t i o n  of 
uranium from the  uranium-plutonium i s  not  r e q u i r e d .  

The e f f e c t i v e n e s s  

3 .  S t r i p  s o l u t i o n s  f o r  p lu tonium-uranium products ,  which c o n t a i n  a c i d i -  
t ies as low as 0.10 M "03, a p p a r e n t l y  can be used without  c a u s i n g  
s i g n i f i c a n t  h y d r o l y s i s  and polymer iza t ion  of t h e  plutonium. S ince  
t h e  use of " 0 2  (and t h e  most e f f e c t i v e  use of HAN) as r e d u c t a n t s  f o r  
t e t r a v a l e n t  plutonium r e q u i r e  r e l a t i v e l y  low a c i d i t i e s ,  s t r i p  so lu-  
t i o n s  c o n t a i n i n g  0.10 M HNO3 
evidence  of polymer format ion  w a s  observed.  

were used i n  many SETF tests, and no 

4 .  Feed s o l u t i o n s  prepared from BWR f u e l  can be processed without  d i f -  
f i c u l t y .  The s o l v e n t  e x t r a c t i o n  performance i n  SETF tests was similar 
t o  t h a t  ob ta ined  when us ing  feed  prepared  from PWR f u e l .  

5. A "deep-bed" type  of f i l t e r ,  c o n t a i n i n g  a bed of diatomaceous e a r t h  as 
t h e  f i l t e r i n g  medium, can be used t o  e f f e c t i v e l y  c l a r i f y  t h e  s o l v e n t  
e x t r a c t i o n  feed  s o l u t i o n s  a t  f a s t e r  rates than precoa ted  f i l t e r s .  The 
used f i l t e r s ,  c o n t a i n i n g  i n s o l u b l e  f i s s i o n  product  r e s i d u e s  mixed w i t h  
diatomaceous e a r t h  (SiOz),  appear  t o  be i n  a form which is compatible  
w i t h  waste s o l i d i f i c a t i o n  methods ( v i t r i f i c a t i o n ,  cementa t ion ,  e t c . ) .  
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7.  APPENDIX 

. 



I 

Table A - 1 .  Campaign 3 first-cycle tests - extraction/scrub bank conditions and results 
.- -- - _______ ---__----I__ - 

Run No. _- __ -_ _____ 
3-1A 3-2A 3-2C 3-3A, 3-3B, 3-3C 

Dates l o /  1-2/79 

Bank temperature, "C 51-52 

Number of stages : 
Final scrub/intermediate 
scrub/extraction 3/3/10 

AX stream flow rate, L/h 1.54 

Flow ratios: 
AS/AX 
AIS/AX 
AF/AX 

Inlet stream compositionsa 
AS stream: "03, E 
AIX stream: HN03, 
AX stream: % TBP 
AF stream: 
"03, E 
u ,  g/L 
Pu, g/L 
Am, mg/L 
Cm, m g / ~  
Ru-106, Ci/L 
Sb-125, Ci/L 
Cs-134, Ci/L 
Cs-137, Ci/L 
Ce-144, Ci/L 
Eu-154, Ci/L 
Np-239, Ci/L 

0.12 
0.066 
0.50 

0.8 
3 .O 
30 

2.9 

1.4 

3 .O 
0.89 
0.30 

156 

45 

C 

12.1 
1.14 
0.51 
0.0022b 

10/25-27/79 

49 

3/3/10 

1.39 

0.13 
0.079 
0.59 

0.8 
3 .O 

30 

3.2 

1.28 

2.7 
0.99 
0.28 
2.8 
11.9 
1.03 
0.49 

153 

42 

0.002 lb 

11 /3-4/79 

50 

3/3/ 10 

1.40 

0.13 
0.073 
0.58 

0.8 
3 .O 
30 

3.4 

1.42 

3 .O 
0.99 
0.41 
2.5 
10.3 
0.97 
0.46 

152 

40 

0.0020b 

11/14-21/79 

50-52 

3/3/10 

1.32 

0.087 
0.059 
0.39 

0.8 
3 .O 
15 

3.4 

7.4 

1.08 
0.34 
0.068 
0.89 
3.88 
0.32 
0.145 
0.0008 1 

98 

36 

w 
N 



Y . 

Table A-1 (cont inued)  

Run No. -___.____-- - 
3-1A 3-2A 3-2C 3-3x---- 3-3B 3 - 3 c  

O u t l e t  stream compositionsa 

AW stream: 
"03, E 
u ,  mg/L 
Pu, mg/L 
Am, mg/L 
Cm, m g / ~  
Ru-106, C i / L  
Sb-125, C i / L  
CS-134, C i / L  
CS-137, C i / L  

Eu-154, C i / L  
Ce-144, C i / L  

AP stream: 

"02, M 
"03, 

u ,  g/L- 
Pu, g/L 
Ru-106, p C i / L  
Sb-125 , p C i / L  

Cs-137, u C i / L  
Ce-144, $ i / L  
Eu-154, pCi /L  
Np-239, p C i / L  

CS-134, p C i / L  

C 

38 

36 
0.074 

2 .3  
0.65 
0.081 
1.7 
7.4 
0.76 
0.43 

0.05 
0.0004 

0.78 
79 

87 
<O .6 
<0.11 
<O .16 
<6 

< 14 
830 

2.9 

0.032 

2.1 
0.62 
0.16 
2.1 
8.9 
0.76 
0.39 

35 

36 

0.01 
0.0041 

0.69 
86 

43 
<o .9 
<o .2 
<O .5 
<6 
<6 
94 

3.2 

0.047 
33.5 

2.2- 
0.68 

<O .06 
1.9 
6.5 
0.78 
0.32 

(50 

0.05 
0.0026 

0.68 
83 

489 
<1.4 
<O .3 
<O .9 
<3 
<O .9 
11 

2.8 

1.9 

0.75 
0.24 
0.054 
0.69 
3.1 
0.25 
0.12 

(20 

24 

0.03 
C 

33 
2.57 
7.8 

<O .8 
2.4 
8.1 

<5 
<O .8 
84 

2.5 
23 

27 
C 

0.60 
0.27 

<O .06 
0.69 
3 .O 
0.24 
0.13 

0.03 
0.0011 

2.43 
33 

<6 
<o .2 
<0.1 
<O .3 
<6 
<o .2 

C 

2.7 

0.68 

0.66 
0.24 

<o.  11 
0.76 
3.4 
0.27 
0.13 

(20 

26 

0.03 
C 

35 

<6 
<0.6 

0.76 
3 .O 

<6 
<O .6 

2.43 

C 

aOn d a t e  of run. 
bCalculated from 243Am concent ra t ion  i n  AF. 
CNot measured. 



Table A-2. Campaign 3 first-cycle tests - strip bank conditions and results 
- - --- ---- -- -_- - - -I__- --- - - - - - - _ - - ___ 

_____ Run No. 
___-_I-__-- ---__ 

3-1A 3-2A 3-2C 3-3A 3-3B 3-3c 

Dates lo/ 1-2/79 10/25-27/79 11/3-4/79 11/14-17/79 11/17-19/79 11/20-21/79 

Bank temperature, "C 

Number of stages : 
Strip/scrub 

BX stream flow rate, L/h  

Flow ratios: 
AP / BX 
BS/BX 
B rx/ BX 

Inlet stream composition 
BX: "03, ~~ M 
B I X :  HN03,-E 
BS stream: 

% TBP 

AE' stream: 
% TBP 

"02, E 

"03 , 
"02, 5 
u ,  g/L 
Pu, g/L 
Ru-106, pCi/L 
Sb-125, Ki/L 
Cs-134, pCi/L 
CS-137, IiCi/L 
Ce-144, !ICi/L 
Eu-154, uCi/L 
Np-239, iiCi/L 

50 

lija/O 

1.59 

0.97 

0.096 
-- 

0.05 
3 .o 
-- 
-- 

30 
0.05 
0.000 

0.78 
79 

87 
<O .6 
<0.11 
<O. 16 
<6 
<14 
830 

27 

13/3 

0.51 

2.72 
1.12 
-- 

0.10 -- 

30 
0.29 

30 
0.01 
0.0041 

0.69 
86 

43 
<O .9 
<o .2 
<O .6 
<6 
<6 
94 

27 

13/3 

0.48 

2.89 
1.13 
-- 

0.10 -- 

30 
0.21 

30 
0.05 
0.002 

0.68 
83 

489 
<1.4 
<O .3 
<O .9 
<3 

11 
<o .9 

26 27 

13/3 13/3 

0.35 0.28 

3.78 4.88 
0.91 1.01 

0.10 0.10 
- -  

15 
0.29 

15 
0.03 

b 

2.57 
7.8 

<C .8 
2.4 
8.1 

<O .8 

33 

<5 

84 

-- 

15 
0.29 

15 
0.03 
0.00 

2.43 
33 

<6 
<o .2 
<0.1 
<O .3 
<6 
<o .2 

b 

1 

27 

13/3 

0.22 

6 .O 
1 .o 
-- 

0.10 
-- 

15 
0.29 

15 
0.03 
b 

2.43 
35 

<6 
<O .6 
0.76 
3 .O 

<O .6 
<6 

b 



. I , 

Table A-2 (cont inued)  

Run No. -- - 
3-1A 3-2A 3-2C 3-3r-  3-3 B 3-3c 

__- 
O u t l e t  stream compositionsc 

BP stream: 
“03, E 
u ,  g/L 
Pu, g/L 
Ru-106, pCi /L  
Sb-125, p C i / L  
CS-134, pCi /L  
CS-137, pCi /L  

Eu-154, pCi /L  
Np-239, \ lCi /L  

Ce-144, i X i / L  

BU stream: 
“03, 

Pu, g/L 
Ru-106, pCi /L  
Sb-125, cICi/L 
CS-134, p C i / L  
CS-137, p C i / L  
Ce-144, K i / L  
Eu-154, pCi /L  
Np-239, K i / L  

0.38 

0.64 
64 

27 
(2 

10 
<9 
<2 

844 

3.5 

0.01 
<o .0002 

0.37 
6.4E-5 

108 
<3 

<9 
<27 

<O .3 

b 

b 

0.30 

1.97 
35 

49 
<6 

11 
<24 

<6 
54 1 

b 

0.03 
0.045 

3.5E-4 
52 

28 
<o .2 
<O .06 
<o .2 
<1 
<0.1 
<1 

0.34 

2.09 
3.2 

<O .03 
2.5 

11 
1.2 

<o .2 
35 

29 

b 
0.047 

55 

354 
3.5E-4 

b 
b 
b 
b 
b 

<3 5 

0.33 

9.74 
0.81 

<o .2 
1.9 
8 .O 

<o .9 
<o .09 

7.8 

51 

0.02 
0.011 

1.3E-3 
0.38 

<o .011 
b 

<O .014 
<O .9 
<O .017 
<O .3 

15 

0.39 
43 
11.6 
<O .81 
<O.  14 

0.78 
3.2 

<1.4 
<0.11 

<325 

0.03 
0.012 

1.1E-3 
0.22 

<O .014 
b 

<O .016 
<O .08 
<o ,011 

18 

<20 

0.48 
46 
16.2 
<O .81 
<O .14 

0.11 
0.32 

<2.2 
<O .14 

b 

0.01 
b 

21  
1.3E-3 
0.16 

<O .016 
0.081 
0.37 

< O .  16 
<O .016 
<65 

aComprised of s i x  low-acid s t r i p  s t a g e s  and t e n  high-acid s t a g e s .  
bNot measured. 

d a t e  of run. 



Table A-3. Campaign 4 first-cycle tests - extraction/scrub bank conditions and results 
---_______-__I_---_____ _______________--____-I_-__ ___---__I___ __ 

Run No. 
4-1A 4-2A 4-2B 4-3A 4-3B 4-3c 

- - ___ - - --- - - - - __---_I I__ ___ 

Dates 

Bank temperature, "C 

Number of stages : 
Final scrublintermediate 
scrub/extraction 

AX stream flow rate, L/h 

Flow ratios: 
AS/AX 
AIS/AX 
AF/AX 

Inlet stream compositionsa 
AS stream: "03, E 
AIS stream: "03, 2 
AX stream: % TJ3P 
AF stream: 

Pu, g/L 
Am, mg/L 
Cm, mg/L 
Ru-106, Ci/L 
Sb-125, Ci/L 
CS-134, Ci/L 
CS-137, Ci/L 
Ce-144, Ci/L 
Eu-154, Ci/L 
Np-239, Ci/L 

5/7/80 

50-5 1 

3/31 10 

1.41 

0.134 
0.066 
0.555 

0.82 
3.1 
30 

3.2 

1.3 

4.4 
0.81 
0.16 
2.3 
10.8 
0.62 
0.49 
0.0025b 

153 

51 

5/21/80 

40 

3/31 10 

1.72 

0.13 
0.071 
0.275 

0.81 
3 .O 
30 

3.2 

2.3 

6.2 
1.27 
0.30 
4.2 
20.7 
1.2 
0.81 
0 .0048b 

29 2 

99 

5/21-22/80 

40 

3/3/10 

1.73 

0.13 
0.070 
0.283 

0.81 
3 .O 
30 

3.2 

2.3 

6.2 
1.27 
0.30 
4.2 
20.7 
1.2 
0.81 
0 .0048b 

29 2 

99 

6/4/80 

41 

3/31 10 

1.39 

0.065 
0.043 
0.176 

0.80 
3.6 
15 

2.9 

1.46 

2.7 
1.11 
0.14 
2.32 

0.74 
0.49 
0.0031b 

212 

61 

12.4 

6/5/80 

41-43 

3/3/10 

2.77 

0.066 
0.032 
0.169 

0.82 
3.6 
15 

2.9 

1.46 

2.7 
1.11 
0.14 
2.32 

0.74 
0.49 
0.0031b 

212 

61 

12.4 

616-7 180 

40-4 1 

3/31 10 

1.63 

0.114 
0.056 
0.315 

0.82 
3.6 
15 

2.7 

0.86 

1.7 
0.59 

103 

33 

C 
1,.24 
6.66 
0.40 
0.26 
0 .0016b 

W m 



Table A-3 ( con t inued)  
-___-__-I_--. ---I- ____ 

______ Run No. - -____ ___--- 
4-1A 4-2A 4-2 B 4-3A 4-3B 4-3 c 

O u t l e t  stream c o m p o s i t i o n s a  
AW stream : 

Am, mg/L 
Cm,  m g / ~  
Ru-106, C i / L  
Sb-125, C i / L  
CS-134, C i / L  
Cs-137, C i / L  
Ce-144, C i / L  
EU-154, C i / L  

AP stream: 
"03, E 
"02, E 
u ,  g / L  
Pu, g / L  
Ru-106, pCi /L  
Sb-125, pCi/L 
CS-134, pCi /L  
Cs-137, pCi /L  
Ce-144, W i / L  
Eu-154, N i / L  
Np-239, N i / L  

2.4 

0.015 

3.1 
0.57 

1.75 
8.3 
0.51 
0.32 

20 

44 

C 

0.04 
0.008 

0.69 
84 

34 
C 
C 

0.24 
<2 
<O .6 

123 

2.4 

0.030 

1.5 
0.65 
0.16 
2.38 

0.60 
0.49 

< 20 

28 

11.8 

C 
C 

71  

420 
<1 
<O .3 

1.3 
<3 

2.3 
218 

0.56 

2.4 

0.021 

3.7 
0.81 
0.20 
2.23 

0.065 
0.43 

< 100 

64 

11 .o 

0.07 
0.0022 

0.55 
80 

327 
<1.1 
<O .24 

0.51 
<2.6 
<O .9 

1240 

2.3 
0.6 
0.32 

1 .7  
0.49 

1.52 
8 .OO 
0.51 
0.32 

44 

C 

0.04 
0.00043 

0.23 
33 

48 

<o .09 
0.43 

<2 
<O .3 

400 

C 

2.45 
0.7 
0.24 

2.1 
0.60 

1.62 
8.73 
0.49 
0.41 

48 

C 

0.04 
0.0013 

0.20 
34 

57 

<o .2 
<O .4 
<2 
<0.5 

390 

C 

3 .O 
<o .1 

0.59 
25 

1.1 
<O .08 

0.077 
0.82 
4.35 

0.18 
0.24 W 

0.035 
0.0078 

0.176 
29 

81 

<o .2 
<o .2 
<O .9 
<o .2 

C 

20 2 
--___ ___- _-I- - 

aOn d a t e  of run. 
bCalcula ted  from 243Am concen t r a t ion  i n  AF. 
CNot measured. 



Table A-4. Campaign 4 f i r s t - c y c l e  tests - s t r i p  bank cond i t ions  and r e s u l t s  

__ __ __ - - - -- - Run No. 
4-1A 4-2A 4-2B 4-3A 4-3B 4-3c 

I_ _I_-_ 

Dates 5/7/80 51 21 I 8 0  5121-22180 6/4/80 6 /5 /80  616-7180 

Bank tempera ture ,  "C 40-4 1 24 24 25-26 26 25-26 

Number of s t a g e s  : 
S t r i p l s c r u b  1313 1313 1313 1313 1313 1313 

BX flow rate, L / h  0.243 0.592 0.601 0.251 0.469 0.276 

Flow r a t i o s :  
AP/BX 
BS/BX 

5.79 
0.87 

2.90 
1.10 

2.88 
1.10 

5.53 
3.53 

5.91 
3.93 

5.90 
3.88 

w 
co I n l e t  stream compositionsa 

BX stream: 
"03, M 
HAN, M- 

BS stream: 
% TBP 
"02, E 

"03, E 
"02, E 
u ,  g/L 
Pu, g/L 

AP stream: 
% TBP 

Ru-106, u C i / L  
Sb-125, p C i / L  
Cs-134, p C i / L  
Cs-137, W i / L  
Ce-144, u C i / L  
Eu-154, p C i / L  
Np-239, u C i / L  

0.09 
0.06 

0.10 
-- 

0.10 
-- 

0.10 -- 0.10 -- 0.10 
-- 

30 -- 30 -- 30 
!I .012 

1 5  
0.10 

15 
0.17 

15 
0.17 

30 
0.04 
0.008 

0.69 

b 
b 

0.24 

84 

34 

<2 
<O .6 

123 

30 
b 
b 

0.56 
71  

420 
<1 
<O .3 

1.3 
<3 

2.3 
218 

30 
0.07 
0.0022 

0.55 
80 

327 
<1.1 
<O .3 

<3  
<o .9 

1240 

0.51 

15 
0.04 

0.00043 
33 

0.23 
48 

b 
<o .09 

0.43 
(2 
<O .3 

400 

15 
0.04 
0.0013 

34 
0.20 

57 
b 

<o .2 
<o .4 
<2 
<O .5 

390 

15 
0.03 
0.0078 

0.175 
29 

81 
b 

<o .2 
<o .2 
<o .9 
<o .2 

20 2 

,, 



- - - - ~  ______ Run No. 
4-1A 4-2A 4-2 B 4-3A 4-3B 4-3c 

O u t l e t  s t ream.composi t ionsa  

BP stream: 
“03, M 
u ,  g/L- 
Pu ,  g/L 
RU-106, W i / L  
Sb-125, pCi /L  
CS-134, p C i / L  
CS-137, W i / L  

EU-154, pCi /L  
Np-239, pCi /L  

Ce-144, p C i / L  

BU stream: 
“02. M 

Pu, mg/L 
Ru-106, N i / L  
Sb-125, N i / L  
Cs-134, p C i / L  
Cs-137, pCi /L  
Ce-144, p C i / L  
Eu-154, !iCi/L 
Np-239, G i / L  

0.49 

4.36 

b 
b 

7 .1  

1.6 

20.6 

76 

<9 

837 

0.01 
<o .0002 
67.9 

0.32 
35 

b 
b 

<0 .3 .  
<O .9 
<o .2 
<1.3 

0.34 
9.54 
1.47 

b 
560 

24 
124 
<6 

7.3 
b 

0.01 
0.0006 

47.6 
7.8 

0.86 
< O .  14 
<O .3 
<O .8 
<O .5 

b 

190 

0.32 

1.64 
12.7 

163 
<1 

24 
<3 

1440 

4.6 

2.7 

0.01 
0.0022 

0 -35 
49.4 

64 
b 
b 

0.19 
b 
b 
b 

0.58 

1.24 

b 

6.7 

0.089 

11.9 

48 

<1 

<5 

2130 

0.03 
0.037 

0.26 

b 
b 

0.46 
b 

1.6 
<6.1 

20.8 

30 

0.59 

1.32 

b 
5.7 

10.6 

178 

31 
<10 

2475 
3 .O 

0.04 
0.072 

0.33 

b 
b 

<O .07 
<O .4 
<o .2 

b 

18.9 

24 

0.50 

1.18 

b 
0.8 
3.7 

<3 
<O .3 

14.5 

15 

1004 

0.04 
0.038 

17 .O 
0.11 

42 
b 

<O .05 
<o .2 
<O .5 
<o .2 

<10 
__I ______.______ ______ --- 

aOn d a t e  of run. 
bNot measured. 



Table A - 5 .  Campaign 3 second-cycle tests - extraction/scrub bank conditions and results 

Run No. 
3-2B 3-2D 3- 1 Ba 3- 1 Ca 3-lDa 

10/ 3 1- 1 1 / 1 / 79 11 / 7-8/ 79 Dates 10/4/79 

28 

10/4-5/79 

27 

10/5-6/79 

27 Bank temperature, OC 50 51 

Number of stages : 
Final scrublintermediate 
scrub/extraction 3/3/10 3/3/10 5/7/4 

0.74 

51714 

0.73 

5/7/4 

0.69 AX flow rate, L/h 1.43 0.33 

Flow ratios: 
AS/AX 

AF/AX 
AIS/AX 

0.13 0.29 
0.077 0.19 
0.57 2.87 

0.17 
0.094 
1.34 

0.17 
0.094 
1.47 

0.17 
0.095 
1.27 F- 

0 

Inlet stream compositions 
AS stream: 

AIS stream: 

AX stream: 

Feed stream: 

"03, g 

"03, 

% TBP 

"03, g 
u ,  g/L 
Pu, g/L 
Ru-106, mCi/L 
Sb-125, mCi/L 
Cs-134, mCi/L 
Cs-137, mCi/L 
Ce-144, mCi/L 
Eu-154, mCi/L 

0.09b 0.09c 0.09c 0.8 0.8 

3 .O 3 .O 3 .O 3 .O 3 .O 

30 30 30 30 30 

3.5 

0.026 
3.4 
4.1 
0.38 
1.7 
0.16 
0.62 

152 
3.9 
18.9 
1.54 
0.67 
0.44 
0.064 
0.24 
0.016 
0.011 

1.3 

0.48 
d 
d 
d 
d 
d 
d 

57 
1.3 

0.46 
d 
d 
d 
d 
d 
d 

48 
3.0 

0.42 
d 
d 
d 
d 
d 
d 

50 



a I . * 

Table A-5 ( con t inued)  

_-__ -- __ _ _ - _ ~  Run No. 
3-2B 3-2D 3-lBa 3-lCa 3- 1 Da 

__ ____ _ _ _ _ - - ~ - -  .- 

O u t l e t  stream compositions 

Aqueous raf f i n a t e  stream: 
“03, E 2.9 
u ,  mg/L 280 
Pu, mg/L 0.0024 
Ru-106, m C i / L  8.2 

Cs-134, m C i / L  16 
Cs-137, m C i / L  67 
Ce-144, m C i / L  6.1 
Eu-154, m C i / L  2.8 

Sb-125, m C i / L  4.3 

3.5 

0.012 
2.2 
0.51 
4 .O 

16.6 
1.4 
0.68 

<10 
1.4 

390 
403 

0.39 
0.46 
0.91 
3.7 
0.31 
0.02 

1.4 
260 
356 

0.58 
0.16 
0.007 
0.29 
0.016 
0.019 

2.5 

0.6 
0.61 
0.14 
0.022 
0.086 
0.008 
0.003 

640 

0 r g  a n i  c e x t r a c t  stream : 
“03, E 0.04 d 0.02 <0.01 <o .01 
“ 0 2 ,  E 0.0017 d d d d 
u ,  g/L 81 40 60 71 52 
Pu, g/L 0.017 4.3 0.0017 0.0003 0.130 
Ru-106, p C i / L  6.5 d 48 6 .0 15 
CS-137, p C i / L  0.27 d 0.3 d 0.19 
Ce-144, p C i / L  <1.1 d 2.6 d d 

__ ___-_ 
a I n  tests 3-1B, 3-1C, and 3-1D, t h e  select ive uranium e x t r a c t i o n  method f o r  

p a r t i t i o n i n g  w a s  used. D u r i n g  test  3-1D, e x t e n s i v e  r e f l u x i n g  of plutonium occur red ,  
and the  test run was abor t ed .  

bAS stream a l s o  contained 0.02 M HAN. 
‘AS stream a l s o  contained 0.02 E - HAN and 0.01 - M N2H4. 
dNot measured. 



Table A-6. Campaign 3 second-cycle tests - strip bank conditions and results 
I-_--_ - ~ - - -  --__ 

Run No. 
3-lBa 3- 1 Ca 3-2Br 3-2D 

Dates 

Bank temperature, OC 

Number of stages : 
Strip/scrub 

BX flow rate, L/h 

Flow ratios: 
AP/BX 
BS/BX 

Inlet stream composition 

BX stream: 
"03, g 
BS stream: 

% TBP 
"02, 

AP stream: 
% TBP 

"02, M 
"03, g 

u ,  g/L- 
Pu, g/L 
Ru-106, pCi/L 
Cs-137, pCi/L 
Ce-144, pCi/L 

10/4/79 10 / 4-5 / 79 10/31-11/ 1/79 11 /7-8/79 

50 49-50 28 27 

16/0 16/0 13/3 13/3 

0.57 0.55 0.48 0.13 

1.30 1.33 2.98 2.50 -- -- 1.25 1.10 

0.01 

30 
0.02 
b 

60 

48 
0.0017 

0.3 
2.6 

0.01 

30 
0.01 
b 

71 
0.0003 
6 .O 
b 
b 

c- 
N 

0.10 

30 
0.29 

30 
0.04 
0.0017 

0.017 
6.5 
0.27 

<1.1 

81 

0.10 

30 
0.21 

30 
b 
b 

4.3 
b 
b 
b 

40 

*) \ '  *,' 
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Table A-6 (cont inued)  

___ Run No. 
._I___ 

3-lBa 3-lCa 3-2Ba 3-2D 
~~ 

O u t l e t  stream comDositions 

Aqueous product 
"03, M 
u ,  g/L- 
Pu, g/L 
Ru-106, pCi /L  
CS-134, pCi /L  
CS-137, pCi /L  
Ce-144, W / L  
Eu-154, p C i / L  

st ream: 
0.04 

0.0018 
4.3 

b 
0.27 

2.8 

64 

<6 

St r ipped  organic  stream: 
"03, M <o .01 

u ,  g/L 0.37 

Cs-137, p C i / L  <20 

"02, b 

P u ,  !%/L 13 
Ru-106, \Xi /L  8.4 

Ce-144, p C i / L  b 

0.04 

0.0008 
5.4 

<0.11 
0.27 

b 
b 

58 

<o .01 
b 

0.20 
2.4 
4.6 

<o . 1 
b 

0.33 

0.050 
28 

<11 
11 
45 

4.4 
b 

0.05 
0.042 

51 
<5 

<8 1 
<11 

18 

0.47 
6 .O 

10.1 
b 
b 
b 
b 
b 

b 
0.037 

33 
640 

b 
b 
b 

F- 
w 

a s t r i p  bank used f o r  uranium product s t r i p p i n g .  
bNot measured. 
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