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SOLVENT EXTRACTION STUDIES OF COPROCESSING FLWSHEETS - RESULTS FROM 
CAMPAIGNS 1 AND 2 OF THE SOLVENT EXTRACTION TEST FACILITY (SETF) 

E .  D. C o l l i n s ,  D. E. Benker, J. E. Bigelow, F. R. Cha t t in ,  M. H. Lloyd, 
L. J. King, R. G. Ross, and H. C. Savage 

ABSTRACT 

The Solvent Ext rac t ion  T e s t  F a c i l i t y  (SETF) w a s  i n s t a l l e d  i n  
one of t he  heav i ly  sh ie lded  cells of t he  Transuranium Processing 
P l a n t  during 1978. T h i s  f a c i l i t y  con ta ins  d i s s o l u t i o n ,  feed prep- 
a r a t i o n ,  so lvent  e x t r a c t i o n  ( t h r e e  16-stage mixer-settlers), and 
plutonium product handl ing equipment, as w e l l  as waste s o l u t i o n  
tanks .  I r r a d i a t e d  f u e l  from t h e  H. B. Robinson-2 Pressur ized  
Water Reactor w a s  processed i n  t h e  f i r s t  two campaigns of experi-  
mental  work, which were completed i n  1979. The o b j e c t i v e  w a s  t o  
test  a v a r i e t y  of coprocessing f lowsheets .  Areas of t h e  so lven t  
e x t r a c t i o n  process  t h a t  received s p e c i a l  a t t e n t i o n  included 
( 1) crud formation,  p a r t i c u l a r l y  i n  t h e  e x t r a c t i o n  con tac to r ;  
( 2 )  uranium and plutonium l o s s e s  i n  t h e  e x t r a c t i o n  r a f f i n a t e ;  
(3)  f i s s i o n  product decontamination; (4) reduct ion  of t e t r a v a l e n t  
plutonium, p a r t i c u l a g l y  by means of hydroxylamine n i t r a t e  o r  n i -  
t r o u s  ac id ;  (5) c o s t r i p p i n g  of uranium and plutonium; (6)  p a r t i a l  
p a r t i t i o n i n g ;  and (7)  so lven t  degradat ion.  

1. INTRODUCTION 

The o b j e c t i v e  of work done i n  t h e  SETF is  t o  eva lua te ,  a t  f u l l  a c t i v i t y  

l e v e l s ,  r e c e n t l y  developed o r  improved f lowsheets  f o r  reprocess ing  commer- 
cial nuclear power reactor fuels. Mixer-settlers were chosen as the type 

of so lvent  e x t r a c t i o n  con tac to r  most appropr i a t e  f o r  process  chemistry s tu-  

d i e s .  Thus, t h e  c e n t r a l  f e a t u r e  of t h e  SETF equipment is a rack conta in ing  

t h r e e  banks of 16-stage mixer-settlers. T h i s  equipment has a scale of 

ope ra t ion  i n  t h e  range of s e v e r a l  kilograms of heavy-metal f u e l s  per  day. 

Conceptual design of t h e  SETF was completed i n  la te  1976 and equipment 

des ign ,  f a b r i c a t i o n ,  and i n s t a l l a t i o n  were accomplished dur ing  1977 and 

1978. The f a c i l i t y  is  loca ted  wi th in  one of t h e  heav i ly  sh i e lded  cells 
( C e l l  5) of Bui lding 7920, t h e  Transuranium Processing P lan t  (TRU) a t  t h e  

Oak Ridge Nat ional  Laboratory.  

The f i r s t  two SETF campaigns were made dur ing  t h e  per iods  November- 

December 1978 and MarckJune 1979, r e spec t ive ly .  The s p e c i f i c  o b j e c t i v e  



2 

dur ing  Campaigns 1 and 2 w a s  t o  tes t  a v a r i e t y  of coprocessing f lowsheets  

f o r  l i g h t  water r e a c t o r  (LNR) f u e l s .  During t h e  tes ts ,  emphasis w a s  given 

t o  t h e  use of hydroxylamine n i t r a t e  (HAN) as the  reductan t  f o r  Pu(1V) 

dur ing  t h e  s t r i p p i n g  of plutonium. 

The i r r a d i a t e d  U02 f u e l  used dur ing  these  campaigns contained 28 kg of 

heavy metals and had been i r r a d i a t e d  t o  a peak burnup of -2.7 TJ/kg 

(-31,000 Wd/metr ic  t on ) .  

ORNL/TM-6037 ,' w a s  discharged from t h e  H. B. Robinson-2 pressur ized  water 
r e a c t o r  (PWR) on May 6 ,  1974; thus ,  i t  had cooled f o r  -5 years  when the  

SETF campaigns were made. 

This  f u e l ,  which is descr ibed  more p r e c i s e l y  i n  

Both f i r s t - c y c l e  and plutonium second-cycle so lven t  e x t r a c t i o n  tests 

were made during Campaigns 1 and 2. Tests were made using 30% o r  15% tri- 

- n-butyl phosphate (TBP) i n  normal p a r a f f i n  hydrocarbon (NPH) d i l u e n t .  The 

so lven t  w a s  used on a once-through b a s i s  because equipment l i m i t a t i o n s  

precluded so lven t  recyc le ;  however, s a m p l e s  of the w a s t e  so lven t s  w e r e  

ob ta ined  f o r  l abora to ry  so lven t  washing tests. Reductive s t r i p p i n g  of plu- 

tonium was accomplished using a v a r i e t y  of reducing agen t s ,  i nc lud ing  HAN, 

hydraz ine-s tab i l ized  HAN, f e r r o u s  sulfamate,  and n i t r o u s  ac id .  Both 

uranium-plutonium c o s t r i p p i n g  and p a r t i a l  p a r t i t i o n i n g  ( sepa ra t ion  of p a r t  

of t he  uranium from t h e  uranium-plutonium product)  methods were t e s t e d .  

2. DESCRIPTION OF EQUIPMENT 

The SETF equipment c o n s i s t s  of seven process  tanks loca ted  i n  t h e  tank 

p i t  a r ea  of C e l l  5 and t h r e e  equipment racks i n  t h e  c u b i c l e  area, which is 

a p a r t  of C e l l  5 t h a t  i s  served by a viewing window and a p a i r  of master- 

s l a v e  manipulators .  The f ea tu red  equipment is the  rack con ta in ing  t h e  

mixe r - se t t l e r s  ( s e e  Fig.  1). I n  a d d i t i o n ,  two racks  of accessory  equipment 

were provided. The f i r s t  rack (shown i n  Fig. 2) con ta ins  a d i s s o l v e r  tank 

and feed prepara t ion  equipment, while t h e  second con ta ins  s o l u t i o n  t r a n s f e r  

equipment, sampling devices ,  and an ion exchange p u r i f i c a t i o n  system f o r  

plutonium. 

The d i s s o l v e r  tank ,  which has a 12-L capac i ty ,  i s  equipped wi th  a 

remov.able, pe r fo ra t ed ,  s t a i n l e s s  s t ee l  baske t .  The tank i s  jacke ted  f o r  
hea t ing  and cool ing  by means of a c i r c u l a t i n g  water system. Off-gas from 

A 
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O W L  Photo 5466-78-R1 

Fig.  1. SETF so lvent  e x t r a c t i o n  rack. 
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O W L  Photo 5181-78-R1 

Fig. 2. SETF dissolution and feed preparation rack. 
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t h e  d i s s o l v e r  can be routed through a condenser f o r  e i t h e r  r e f l u x  o r  

removal of condensate. The rack a l s o  inc ludes  a 20-L, j a c k e t e d ,  feed 

adjustment tank t h a t  is connected t o  the  same off-gas system as t h e  

d i s s o l v e r .  Feed s o l u t i o n  c l a r i f i c a t i o n  equipment inc ludes  a l a b o r a t o r y  

c e n t r i f u g e  and s e v e r a l  high-eff ic iency,  etched-disc f i l t e r s .  Two cali- 
b r a t e d ,  8-L g l a s s  feed tanks are used with a dual  f e a t u r e  enab l ing  one tank 

t o  r ece ive  c l a r i f i e d  s o l u t i o n s  while t h e  o t h e r  is  being used t o  supply feed 

s o l u t i o n  t o  t h e  mixe r - se t t l e r s .  The feed rate is determined by measuring 

t h e  p re s su re  drop a c r o s s  a c a p i l l a r y ,  using an i n - c e l l  d i f f e r e n t i a l  

p r e s s u r e  t r a n s m i t t e r ,  and is c o n t r o l l e d  by r e g u l a t i n g  t h e  a i r  p re s su re  

app l i ed  t o  t h e  feed tank. 
The t h r e e  banks of 16-stage m i x e r - s e t t l e r s  are v e r t i c a l l y  stacked onto 

a s i n g l e  equipment rack t o  a l low g r a v i t y  flow of t he  o rgan ic  s o l u t i o n  from 

one bank t o  t h e  next .  Each m i x e r - s e t t l e r  is f a b r i c a t e d  of s t a i n l e s s  steel 

w i t h  a quartz-glass  f r o n t  window, as shown i n  Fig. 3. These m i x e r - s e t t l e r s  

are of t h e  same geometr ical  design as those used i n  previous f a c i l i t i e s  a t  

ORNL.2 

can be observed through t h e  window. Stage volumes are -80 mL (30 mL f o r  

mixers and 50 mL f o r  s e t t l i n g  chambers). The o rgan ic  so lven t  ( l i g h t  phase) 

i s  introduced i n t o  the  mixe r - se t t l e r  a t  t h e  r i g h t  end, as i l l u s t r a t e d  i n  

Fig.  3, and flows t o  the  l e f t ,  whereas t h e  aqueous s o l u t i o n  (heavy phase) 

e n t e r s  a t  t h e  l e f t  s i d e  and flows t o  t h e  r i g h t .  Mixed phase flow l eav ing  

each of t h e  v e r t i c a l  mixing chambers (in t h e  back p a r t  of t h e  u n i t )  f lows 
into the corresponding settler ( v i s i b l e  i n  t h e  photo) via t h e  middle p o r t s .  

The o rgan ic  so lven t  f l o a t s  t o  t h e  top  of each s l a n t e d  settler and overflows 

through a port back i n t o  t h e  mixing chamber of t h e  ad jacen t  s t a g e  a t  the  

l e f t .  The aqueous s o l u t i o n  i n  each settler s i n k s  t o  t h e  bottom and 

underflows through a w e i r  p l a t e  back i n t o  t h e  mixing chamber of t h e  adja- 

c e n t  s t a g e  at t h e  r i g h t .  The i n t e r f a c e  l e v e l s  are regu la t ed  by a hydrosta- 

t i c  l e g  i n  t h e  aqueous s o l u t i o n  o u t l e t  l i n e .  

A l l  of t h e  s e t t l i n g  chambers are l o c a t e d  on t h e  f r o n t  s i d e  and thus 

S i x  c a l i b r a t e d  head tanks f a b r i c a t e d  of g l a s s ,  which range i n  volu- 

metric capac i ty  from 2 t o  20 L, are l o c a t e d  o u t s i d e  t h e  cell  bank. An 

automatic  flow c o n t r o l  system is  a s s o c i a t e d  with each tank. 

s c r u b ,  and s t r i p  s o l u t i o n s  i n  the  tanks are metered t o  t h e  mixe r - se t t l e r s .  

Solvent ,  
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Eff luen t  streams from the  mixe r - se t t l e r s  are routed i n t o  ca t ch  tanks 

which have r e l a t i v e l y  s m a l l  d iameters .  The rate of volume i n c r e a s e  in t he  

c a t c h  tank provides a measure of t he  e f f l u e n t  stream flow rates. The 

e f f l u e n t  ca t ch  tanks range i n  capac i ty  from 2 t o  100 L. 

Samples of flowing streams are obtained by " t h i e f i n g "  wi th  d i p  tubes 

i n t o  preevacuated b o t t l e s .  A new dip-tube i s  used f o r  each sample. 

I n - l i n e ,  s o l i d - s t a t e  e l e c t r o n i c  d e t e c t o r s  are used t o  c o n t i n u a l l y  

monitor t he  a lpha  concent ra t ions  (which represent  plutonium) i n  both the  

pregnant  organic  (AP) e f f l u e n t  s o l u t i o n  from the  e x t r a c t i o n  mixer sett ler 

and t h e  aqueous (BP) product stream. The d e t e c t o r s  are similar t o  those 

which have been used a t  TRU f o r  many years  i n  var ious  transuranium element 

product ion processes .  Direct output  from the  monitors (counts  per second) 

i s  recorded on t i m e  c h a r t s  and can be c a l i b r a t e d  with p e r i o d i c  so lu t ion  

ana lyses  t o  obta in  plutonium concentrat ion-t ime p l o t s  such as t h a t  shown i n  

Fig.  4. These p l o t s  are u s e f u l  f o r  fol lowing t h e  approach t o  s t eady- s t a t e  

ope ra t ion  and f o r  observing process  s t a b i l i t y .  

Also,  a s p e c i a l  sample loop,  which inc ludes  f l e x i b l e  i n l e t  and o u t l e t  

l i n e s ,  a c i r c u l a t i n g  pump, and an a lpha  d e t e c t o r ,  can be used t o  continu- 

ous ly  monitor t he  plutonium concent ra t ion  i n  the  organic  phase of any 

s e l e c t e d  se t t le r  s tage .  Typical  d a t a  obtained wi th  t h i s  system are 

inc luded  i n  Fig. 4 .  During t h e  p a r t i c u l a r  so lvent  e x t r a c t i o n  tes t  run 

i l l u s t r a t e d  he re ,  t he  feed stream entered  t h e  e x t r a c t i o n  bank a t  s t a g e  7 

and the  aqueous waste ( A M )  stream e x i t e d  a t  s t a g e  16; t h e  plutonium con- 
c e n t r a t i o n  i n  the  organic  phase of s t a g e  12 w a s  monitored dur ing  the  f i r s t  

few hours and the  las t  few hours of t h e  r u n ,  and t h e  concent ra t ion  i n  

stage 10 was monitored dur ing  t h e  middle p a r t  of t h e  run. Such d a t a  can be 

used t o  l o c a t e  t h e  c h a r a c t e r i s t i c  "wave f r o n t "  of t h e  plutonium concentra- 

t i o n  p r o f i l e  wi th in  t h e  e x t r a c t i o n  bank dur ing  t h e  var ious  test runs. The 

"wave f r o n t "  l o c a t i o n  is more s e n s i t i v e  t o  changes i n  process  parameters 

than is  t h e  end stream (AP) concent ra t ion  and can provide t h e  bes t  s i g n a l  

f o r  app l i ca t ion  of automatic  c o n t r o l  t o  t h e  bank. This  has been demon- 

s t r a t e d  i n  s t u d i e s  by ~ i l l s . ~  Automatic c o n t r o l  w a s  no t  appl ied  i n  t h e  

SETF during Campaigns 1 and 2; however, t h e  pos i t i on  of t h e  "wave f r o n t "  

w i th in  t h e  e x t r a c t i o n  bank was determined i n  some of t he  tes t  runs and then 

w a s  moved t o  the  des i r ed  l o c a t i o n  by a d j u s t i n g  t h e  i n l e t  stream flow rates. 



8 

ORNL Dwg 79-13576 R I  

3.0 1 

2 Llj .o 

I .5 F 
I- 

\ 
\ . 
L 

A BANK 
PREGNANT 1 STAGE IO 
ORGANIC 1 \ORGANIC 

OPERATING TIME (h)  
Fig. 4. Variations of plutonium concentrations in process streams. 
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One of t he  a t t r i b u t e s  of t h e  SETF equipment i s  t h e  ease of modifica- 

t i o n  of t he  i n l e t  and o u t l e t  f low paths  t o  and from t h e  mixe r - se t t l e r s .  

This  permits  a v a r i e t y  of f lowsheets  t o  be t e s t e d  and al lows changes t o  be 

made, f o r  example, i n  t he  number of mixer-settler s t a g e s  used f o r  a given 

ope ra t ion .  F l ex ib l e  polyethylene s e c t i o n s  are used i n  t h e  aqueous solu- 

t i o n  supply l i n e s ,  i nc lud ing  t h e  feed stream, so t h a t  t h e s e  s o l u t i o n s  can 

be introduced a t  any des i r ed  s t a g e  of t he  mixe r - se t t l e r s .  Polyethylene 

l i n e s  cannot be used f o r  organic  s o l u t i o n s ,  but s e c t i o n s  of t he  r i g i d  l i n e s  

(jumpers) can e a s i l y  be replaced t o  modify t h e  rout ing .  

3 .  OPERATING PROCEDURE 

The procedure gene ra l ly  used t o  prepare f o r  and support  so lven t  extrac- 

t i o n  tests i n  t h e  SETF is  shown i n  Fig.  5. 

3 .1  Disassembly and Shearing of Fuel Rods 

Before reaching the  SETF, an H. B. Robinson-2 RJR f u e l  assembly was 

disassembled at  the  Idaho Nat ional  Engineering Laboratory and t h e  Zircaloy- 

c l a d  f u e l  rods (which had a diameter  of -1.0 cm) were sec t ioned  i n t o  

l e n g t h s  of -2 m. The sec t ioned  rods ,  conta in ing  a t o t a l  of -50 kg of heavy 

metal, were packaged and shipped t o  t h e  ORNL High Radiat ion Level Examina- 

t i o n  Laboratory (HRLEL). A hand-operated, s ingle-rod,  hydrau l i c  shear  w a s  

used a t  t h e  HRLEL t o  c u t  t h e  rods i n t o  l eng ths  of -5 cm. Sheared p ieces  
and dis lodged powder conta in ing  -2 kg of heavy metal ( t h e  desired amount 

f o r  one d i s s o l v e r  batch)  w e r e  weighed and then packaged i n t o  s m a l l  cans.  

Up t o  f i v e  of t hese  small cans were loaded i n t o  an aluminum, screwed-top, 

12.1-cm-diam sh ipping  con ta ine r  and were t r a n s f e r r e d  t o  TRU i n  t h e  HRLEL 

Dry Storage Carrier. Five shipments were requi red  t o  t r a n s f e r  t h e  50 kg of 

heavy metal. 

3.2 Disso lu t ion  

The heavy metals contained i n  t h e  f u e l  ( 2  kg per ba tch)  were d isso lved  

by using a v a r i a t i o n  of a procedure developed a t  t h e  Savannah River 

Laboratory (SRL) f o r  INR fue l s .4  

and cons i s t ed  of t he  fol lowing s t e p s  : 

The SETF procedure requi red  -8 t o  10 h 



10 

ORNL Dwq 80- I6894 R I 

SHEARED 
IRRADIATED FUEL 

I 
1 

FEED ADJUSTMENT r - r  
I NSOLl 

I RECYCLE 
I 

r 
B L E  

w 1 SOLVENT EXTRACTION - 1 S dLI D 
WASTE 

SOLUTION I 
AQUEOUS 

WASTE 

t 
SOLVENT 

(WASTE U) 

PURIFICATION 
T I T Y E 1  (ION EXCHANGE) , 
LzJ-, I 
(ION EXCHANGE) T T  

Am-Cm REMOVAL 

CONVERSION WASTE 
Am - Cm 

DISPOSAL 

Fig .  5. SETF opera t ing  procedure.  



1 .  

2 .  
3 .  

4 .  

5.  

6 .  

7. 

8. 

11 

Approximately 2 L of 3 M "03 w a s  added t o  t h e  d i s s o l v e r  tank. 

a d d i t i o n  w a s  not made if the  tank a l r eady  contained a similar volume 

of  d i l u t e  HNO3 l e f t  from r i n s i n g  t h e  previous batch of d i s s o l v e r  

h u l l s .  ) 

The empty basket was i n s t a l l e d  i n  the  d i s s o l v e r  tank. 

The f u e l  can w a s  opened (with a can opener ) ,  and t h e  sheared pieces 

and dis lodged powder were poured i n t o  t h e  basket .  

The tank l i d  w a s  c lo sed ,  and t h e  add i t ion  of 11 M HNO3 w a s  begun a t  a 

c o n t r o l l e d  rate of -2 L/h. The d i s s o l v e r  s o l u t i o n  w a s  s imultaneously 

heated t o  50°C. 

The temperature  w a s  he ld  a t  50°C during t h e  ac id  a d d i t i o n ,  which w a s  

cont inued u n t i l  t he  d i s s o l v e r  contained 4.5 mol of "03 per  mol of 

uranium. 

s o l u t i o n  gene ra l ly  ranges between 3 and 4 M dur ing  t h e  a c i d  add i t ion  

per iod  and t h a t  -60% of t h e  uranium is  d i s so lved .  

The d i s s o l v e r  so lu t ion  was  then heated t o  90°C and held f o r  2 h t o  

complete the  d i s s o l u t i o n .  F i n a l  concen t r a t ions  were -350 g/L of 

uranium and 2.3 M "03. 

The s o l u t i o n  w a s  cooled and t r a n s f e r r e d  through a f i l t e r  t o  t h e  feed 

adjustment  tank. A 1-m- o r  a 3-pa-rated h igh-ef f ic iency  f i l t e r  w a s  

used i n  some of t he  tests; however, only a 50-pa-rated sc reen ing  w a s  

used i n  the  o the r s .  

The h u l l s  were r insed  wi th  2 L of 3 M "03, and t h e  r i n s e  s o l u t i o n  was 
l e f t  i n  t h e  d i s so lve r  tank f o r  i nc lus ion  with the  next  batch. The  

baske t  was l i f t e d  p a r t i a l l y  ou t  of t h e  tank ,  t h e  h u l l s  were allowed t o  

d r a i n  u n t i l  d ry ,  and the  d r i e d  h u l l s  were poured back i n t o  the  o r i g i -  

n a l  can f o r  d i sposa l .  

(This  - 

- 

SRL data4  have shown t h a t  t h e  HNO3 concent ra t ion  of t h e  

- 

- 

- 

3.3 Feed Adjustment 

The procedure normally used f o r  feed adjustment cons i s t ed  of two steps.  

F i r s t ,  t h e  plutonium was adjus ted  t o  t h e  t e t r a v a l e n t  s ta te  by sparg ing  t h e  

s o l u t i o n  wi th  N2O3 gas  a t  ambient temperature  (-35°C) f o r  2 t o  5 h. 

[Usual ly ,  about 80% of the  plutonium w a s  a l r eady  present  as Pu(1V); sparg- 

i n g  was continued u n t i l  more than 95% of the  plutonium w a s  Pu(IV).] The 

se-cond adjustment involved adding t h e  necessary  volume of d i l u t e  n i t r i c  
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a c i d  t o  inc rease  t h e  a c i d i t y  and reduce t h e  heavy-metal concent ra t ion  of 

t h e  feed so lu t ion  t o  the des i r ed  l e v e l s .  

3 . 4  C l a r i f i c a t i o n  of t he  Feed Solu t ion  

Opera t iona l  d i f f i c u l t i e s  and i n e f f i c i e n t  r e s u l t s  were obtained dur ing  

i n i t i a l  c l a r i f i c a t i o n  a t tempts  wi th  t h e  l abora to ry  cen t r i fuge .  

a l l  feed s o l u t i o n  c l a r i f i c a t i o n s  dur ing  Campaigns 1 and 2 were made by 

means of f i l t r a t i o n ,  using a s t a i n l e s s  steel ,  etched-disc f i l t e r  (obtained 

from Vacco I n d u s t r i e s ,  South E l  Monte, C a l i f o r n i a )  which had a pore s i z e  

of 1 pm and a su r face  area of -150 cm2. The f i l t e r  was  precoated wi th  a 

s i l i ca -based  f i l t e r  a i d ,  us ing  -1.5 g of precoat  per  kg of uranium being 

processed,  i n  o rde r  t o  achieve a s a t i s f a c t o r y  f i l t r a t i o n  rate. Two types  

of  f i l t e r  a i d s  were used t o  precoat  t h e  f i l t e r .  F i r s t ,  a l a y e r  of coarse  

material (Johns-Manville C e l i t e  535) w a s  app l i ed ,  and t h i s  w a s  then covered 

w i t h  a f i n e r  material (Johns-Manville Standard Super Cel ) ;  t h e  weight r a t i o  

of  coa r se  t o  f i n e  material w a s  -6 .  Average f i l t r a t i o n  rates dur ing  t h e  

c l a r i f i c a t i o n  w e r e  9 t o  37 m L * ~ - l - m - ~ .  

t i o n  was  determined by cen t r i fug ing  a sample of t h e  f i l t e r e d  s o l u t i o n  i n  a 
c l i n i c a l  ba tch  cen t r i fuge .  The feed s o l u t i o n  w a s  r e f i l t e r e d  when s o l i d s  

were observed i n  the  sample. 

Therefore ,  

The e f f e c t i v e n e s s  of t h e  c l a r i f i c a -  

3.5 Solvent Ext rac t ion  

The so lven t  e x t r a c t i o n  equipment w a s  arranged i n  a v a r i e t y  of ways, 

depending on t h e  p a r t i c u l a r  f lowsheet  being t e s t e d .  

a t y p i c a l  arrangement of t h e  equipment is shown i n  Fig.  6 ;  t h i s  p a r t i c u l a r  
arrangement provided f o r  coex t r ac t ion  and scrubbing of uranium and pluto-  

nium i n  t h e  A-bank, p a r t i a l  p a r t i t i o n i n g  i n  t h e  B-bank, and uranium s t r i p -  

ping i n  t h e  C-bank. 

A schematic diagram of 

When t h e  e f f l u e n t  stream ca tch  tanks became f u l l  dur ing  a run ,  t h e  

s o l u t i o n s  were r a p i d l y  t r a n s f e r r e d  by means of t h e  vacuum-pressure t r a n s f e r  

t anks ,  T-551, T-552, and T-553. 

aqueous e f f l u e n t  s t ream) was  t r a n s f e r r e d  t o  t h e  evaporator-s torage tank ,  

T-503. 

v e r i f y  t h a t  t h e  plutonium concent ra t ion  was  s u f f i c i e n t l y  low t o  permit- 

The plutonium product s o l u t i o n  (B-bank 

The organic  waste so lu t ion  (C-bank organic  e f f l u e n t )  was sampled t o  
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r e t r a n s f e r  t o  t h e  ORNL Intermediate  Level Waste (ILW) System. The aqueous 

waste s o l u t i o n s  ( t h e  A-bank and t h e  C-bank aqueous e f f l u e n t s )  were t r ans -  

f e r r e d  t o  t h e  transuranium-element processing equipment i n  TRU f o r  recovery 

o f  plutonium, americium, and curium ( t h e  long-lived a lpha  emitters) by 

means of t h e  Pubex and Cleanex batch e x t r a c t i o n  processes  ,5 which u t i l i z e  

di-2-ethylhexyl phosphoric ac id  as the  e x t r a c t a n t .  This t reatment  w a s  
necessa ry  t o  remove excess ive  amounts of long-lived alpha-emit t ing i so topes  

from the  waste s o l u t i o n s  before  they were re l eased  to t he  ORNL ILW System. 

4 .  EXPERIMENTAL CONDITIONS, RESULTS, AND DISCUSSION 

During Campaigns 1 and 2 ,  t h e  areas of t h e  coprocessing so lven t  extrac-  

t i o n  f lowsheets  t h a t  received p a r t i c u l a r  a t t e n t i o n  included (1 )  e x t r a c t i o n /  

scrubbing o p e r a t i o n s ,  ( 2 )  reduct ion of t e t r a v a l e n t  plutonium, ( 3 )  s t r i p -  

ping o p e r a t i o n s ,  and ( 4 )  so lven t  degradat ion measurements. The ope ra t ing  
c o n d i t i o n s  f o r  each tes t  run and t h e  r e s u l t i n g  ' o u t l e t  stream compositions 

are t a b u l a t e d  i n  t h e  Appendix. One test run (2 -4 )  w a s  made t o  demonstrate 

t h e  f i r s t  two c y c l e s  (codecontamination and p a r t i t i o n i n g )  of t h e  Hot Engi- 

n e e r i n g  F a c i l i t y  (HEF) flowsheet.  The r e s u l t s  of t h i s  test, t a b u l a t e d  i n  

t h e  Appendix, are discussed i n  d e t a i l  i n  a r epor t6  which covers  o t h e r  

demonstrat ions of t h e  HEF f lowsheets .  

4 .1  Extract ion/Scrubbing Operations 

The areas of concern i n  t h e  ex t r ac t ion / sc rubb ing  o p e r a t i o n s  included ( 1 )  
t h e  formation of cruds i n  t h e  e x t r a c t i o n  bank, ( 2 )  l o s s e s  of uranium and 

plutonium i n  t h e  e x t r a c t i o n  bank r a f f i n a t e  stream ( A W ) ,  and ( 3 )  f i s s i o n  

product decontamination. 

4 .1 .1  Crud formation 

I n  a l l  f i r s t - c y c l e  tests, black i n t e r f a c i a l  crud formed i n  t h e  extrac-  

t i o n  s t a g e s  of t h e  A-bank m i x e r - s e t t l e r ,  most prominently nea r  t h e  feed 

i n l e t .  The crud i s  bel ieved t o  be an emulsion, s t a b i l i z e d  by minute par- 

t i c les  of i n s o l u b l e  f i s s i o n  product metals. S i g n i f i c a n t  amounts of ruthe- 

nium, molybdenum, and noble  metal f i s s i o n  products ,  which were no t  s o l u b l e  

i n  t h e  n i t r i c - a c i d  d i s s o l v e r  s o l u t i o n s ,  were removed from t h e  SETF feed 

s o l u t i o n s  via f i l t r a t i o n .  Some of t h e  i n s o l u b l e  p a r t i c l e s  were appa ren t ly  
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s m a l l  enough t o  pass  through the  feed c l a r i f i c a t i o n  f i l t e r ,  which had 1-pm 

pores .  During plutonium second-cycle runs, i n  which t h e  feed s o l u t i o n s  

contained a r e l a t i v e l y  small concent ra t ion  of f i s s i o n  products ,  cruds d id  

n o t  form i n  t h e  mixe r - se t t l e r s .  

Tests made i n  l abora to ry  glassware showed t h a t  t h e  emulsion-crud formed 

more r e a d i l y  when t h e  aqueous feed and organic  so lvent  s o l u t i o n s  were mixed 

by a s w i r l i n g  motion (such as probably occurred i n  t h e  mixe r - se t t l e r s )  

r a t h e r  than when t h e  mixing w a s  accomplished by a more t u r b u l e n t ,  axial 

shaking motion (such as probably occurs  i n  a pulsed column con tac to r ) .  In 

t h e  SETF m i x e r - s e t t l e r s ,  t h e  accumulated emulsion-cruds were s t i c k y  and not  

e a s i l y  d ispersed .  The cruds were removed p e r i o d i c a l l y  from t h e  s e t t l i n g  

chambers by vacuuming a f t e r  ex tens ive  a g i t a t i o n  and f lu sh ing .  

Crud formation was prevented during small-scale mixer-settler runs a t  

SRL by using feed s o l u t i o n s  t h a t  had been c l a r i f i e d  wi th  the  a i d  of a f loc -  

c u l a t i n g  agent .  E i t h e r  manganese d ioxide  or an organic  polyamine, 

Pr imaf loc  C-3 (manufactured by t h e  Rohm and Haas Company), was s u c c e s s f u l l y  

u t i l i z e d . 7  However, t h e  use of Pr imafloc C-3 d id  not  prevent t h e  formation 

o f  cruds i n  SETF ope ra t ions .  Manganese d ioxide  w a s  not  t r i e d .  

Recent ly ,  -2.5 metric tons of spent  f u e l  from t h e  Point  Beach-1 BWR w a s  

processed i n  small-scale (4.5-cm-diam) pulsed columns a t  the  P a c i f i c  North- 

w e s t  Laboratory (PNL).8 The d i s s o l v e r  s o l u t i o n s  were c l a r i f i e d  by means of 

a s intered-metal  f i l t e r  r a t ed  a t  100 pm. Based on SETF exper ience ,  a 

f i l t e r  of t h a t  s i z e  would no t  be expected t o  r e t a i n  t h e  i n s o l u b l e  metal 

p a r t i c l e s ;  even so ,  no crud accumulation s u f f i c i e n t  t o  cause a shutdown w a s  
no ted  a t  PNL dur ing  the s e v e r a l  months of ope ra t ion .  T h i s  experience 

appears  t o  confirm t h a t  crud formations similar t o  those  observed i n  the  

SETF and SRL mixer - se t t l e r s  do not  pose a s e r i o u s  problem i n  pulsed column 

con tac to r s .  

A number of methods f o r  t h e  prevent ion of crud formation w e r e  t e s t e d  

du r ing  t h e  SETF runs. These included (1) t h e  use of a longer  d iges t ion  

t i m e  ( 6  h)  at 90°C during the  f u e l  d i s s o l u t i o n ,  (2 )  prewashing of t h e  

ad jus t ed  feed s o l u t i o n  wi th  an organic  s o l u t i o n  (NE") before  c l a r i f i c a t i o n ,  

( 3 )  opera t ion  of t he  ex t rac t ion-scrub  bank at  a high temperature  ( 5 0 ° C ) ,  

and (4)  opera t ion  with d i l u t e  TJ3P (15%). None of t hese  methods proved t o  

be success fu l .  
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A s i g n i f i c a n t  reduct ion  of t h e  crud formation w a s  obtained during one 

test  run (2-4A) i n  which t h e  d i s s o l v e r  s o l u t i o n  was c l a r i f i e d ,  t he  heavy- 

metal concent ra t ion  was  reduced t o  150 g/L, and t h e  s o l u t i o n  w a s  d iges t ed  

w i t h  hydrogen peroxide a t  90°C. 

d i s s o l v e  any metal c o l l o i d s  remaining i n  t h e  c l a r i f i e d  feed s o l u t i o n .  

peroxide t rea tment  a l s o  a f f e c t e d  t h e  behavior of ruthenium i n  t h e  so lvent  

e x t r a c t i o n  s t r i p p i n g  ope ra t ion ,  as descr ibed  i n  Sect .  4 . 1 . 3 .  

The o b j e c t i v e  of t h i s  procedure w a s  t o  

The 

4 .1 .2  Ext rac t ion  l o s s e s  

The l o s s e s  of uranium and plutonium t o  t h e  e x t r a c t i o n  r a f f i n a t e  (AW) 

streams i n  t h e  f i r s t - c y c l e  runs were wi th in  t h e  range of 0.0002 t o  0.07% i n  

the Campaign 1 and 2 tests. The median va lues  were 0.004 and 0.007%, 

r e s p e c t i v e l y ,  f o r  uranium and plutonium. These va lues  are considered suf- 

f i c i e n t l y  low f o r  p r a c t i c a l  purposes but are somewhat h igher  than those  

p red ic t ed  by SEPHIS9 code c a l c u l a t i o n s .  
The most s e r i o u s  p o t e n t i a l  f o r  l a r g e  e x t r a c t i o n  l o s s e s  occurs  when t h e  

heavy metal (uranium and plutonium) concent ra t ion  i n  t h e  organic  so lvent  is  

maintained at a high l e v e l  (e.g., - >75% of s a t u r a t i o n )  i n  an e f f o r t  t o  

o b t a i n  high decontamination f a c t o r s  (DFs) from t h e  f i s s i o n  products .  Under 

t h e s e  cond i t ions ,  t he  system is  s u s c e p t i b l e  t o  upset  as a r e s u l t  of s l i g h t  

changes i n  flow rates o r  concent ra t ions  of t he  i n l e t  streams which might 

cause  i n t e r n a l  r e f lux ing  of t h e  heavy metals. T h i s  phenomenon w a s  no t  

s t u d i e d  i n  these  experiments,  but a series of SEPHIS c a l c u l a t i o n s  w a s  per- 

formed t o  i l l u s t r a t e  t h i s  problem. The r e s u l t s  are p l o t t e d  i n  Fig. 7.  

These c a l c u l a t i o n s  were made f o r  d i f f e r e n t  feed flow rates wi th  a l l  

o t h e r  condi t ions  held cons t an t ;  however, t h e  same e f f e c t s  would r e s u l t  from 

small reduct ions  i n  t h e  e x t r a c t a n t  f low rate. These assumed changes are 
q u i t e  small: a v a r i a t i o n  of only 3.4% i n  t h e  intended flow rate (o r  

perhaps only 1.7% each i n  t h e  feed and e x t r a c t a n t  f low rates i n  t h e  "wrong" 

d i r e c t i o n )  could cause a s e r i o u s  upset  i n  t h e  concent ra t ion  p r o f i l e  i n  t h e  

system. It is very d i f f i c u l t  i n  p lan t -sca le  equipment t o  e s t a b l i s h  and 

maintain a flow rate wi th  such a high degree of accuracy and p rec i s ion  f o r  

an extended period of t i m e .  

Thus it appears impera t ive ,  when ope ra t ing  a Purex f lowsheet  at >75% - 
of  so lvent  s a t u r a t i o n ,  t o  monitor t h e  heavy metal concent ra t ions  wi th in  t h e  
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e x t r a c t i o n  con tac to r  cont inuously and t o  a d j u s t  t h e  flow rates as requi red  

t o  keep t h e  concent ra t ion  "wave f r o n t "  f a r  enough from t h e  r a f f i n a t e  o u t l e t  

t o  maintain acceptab ly  low l o s s e s .  

In t he  SETF, plutonium concent ra t ion  i n  t h e  so lven t  is cont inuous ly  

monitored a t  a s u i t a b l e  l o c a t i o n  wi th in  t h e  e x t r a c t i o n  s e c t i o n  by means of 

an a lpha  d e t e c t o r  l oca t ed  i n  t h e  s p e c i a l  sampling loop descr ibed  i n  Sect .  2. 
This  provides information which al lows proper adjustment of t h e  feed and 

e x t r a c t a n t  f low rates. An a lpha  monitor i n  t h e  Ad stream would be u s e l e s s  

because t h e  plutonium a lpha  con t r ibu t ion  would normally be overwhelmed by 

t h a t  of t h e  americium and curium. A continuous monitor on a s i d e  stream 

would probably be necessary  i n  any p l an t  system, s i n c e  it is doubt fu l  t h a t  

p e r i o d i c  sampling and a n a l y s i s  of t h e  plutonium concent ra t ion  would pro- 

v i d e  information on a s u f f i c i e n t l y  t imely b a s i s  t o  maintain proper c o n t r o l  

of  t he  flow rates. 

4 .1 .3  F i s s i o n  product decontamination 

F i s s i o n  product behavior i n  t h e  Purex process  is  g e n e r a l l y  w e l l  known. 

However, t o  r e i l l u s t r a t e  t h i s  behavior ,  a graph of f i s s i o n  product concen- 

t r a t i o n  p r o f i l e s  i n  t h e  SETF e x t r a c t i o n / s c r u b  bank dur ing  test 1-3 is shown 

i n  Fig. 8. In t h i s  test ,  seven scrub  s t a g e s  and n ine  e x t r a c t i o n  s t a g e s  

were used, t h e  feed and scrub  s o l u t i o n s  were both 3 - M "03, and t h e  operat-  

i n g  temperature  w a s  4OOC. 

magnitude lower than t h e  o t h e r  contaminants.  

were e x t r a c t e d  t o  t h e  same degree,  but t h e  rare e a r t h s  were more e f f ec -  

t i v e l y  removed i n  the scrub  sec t ion  of t h e  bank. 

zirconium and niobium because t h e  95Zyg5Nb i n  t h e  f u e l  had decayed t o  

l e v e l s  t h a t  could no t  be measured a f t e r  t h e  long cool ing  per iod ( 4  t o  5 

yea r s ) .  

Cesium e x t r a c t i o n  w a s  at least two o rde r s  of 

Ruthenium and t h e  rare e a r t h s  

No d a t a  were obtained f o r  

F i s s ion  product decontamination was not  s tud ied  per  se i n  t h e  SETF 

tests; however, measurements were made a t  a v a r i e t y  of ope ra t ing  cond i t ions  

( s e e  Tables A-1 and A-6 i n  t h e  Appendix) t o  determine t h e  gene ra l  range of 

DFs obtained while  process ing  LWR f u e l .  The va lues  obta ined  i n  t h e  f i r s t -  

c y c l e  so lven t  e x t r a c t i o n  tests are l i s t e d  i n  Table 1 .  

DFs obtained dur ing  t h e  e x t r a c t i o n ,  scrubbing,  and plutonium s t r i p p i n g  

( e i t h e r  p a r t i a l  p a r t i t i o n i n g  o r  cos t r ipp ing )  ope ra t ions  of each test. 

These are combined 
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Table  1. F i s s ion  product decontamination i n  f i r s t - c y c l e  tests 

Overa l la  DFs 
Test No. 106Ru 137cs 144ce 

1-1 7.8E3b 2.9E5 >8.9E4 

1-2 >4.7E3 6.7E4 4.8E4 

1-3 1 .OE4 9.3E4 >2.7E4 

2-2A 1.4E5 4.925 1.5E5 

2-2B 1.9E5 3.2E5 2.2E5 

2-2c 2.4E5 4.9E5 3.2E5 

2-2D 2.435 9.1E5 3.7E5 

2-2E 3.634 8.235 >1.3E6 

2 -4A 3.7E3 2.1E5 2.5E5 

aCombined DFs obtained dur ing  e x t r a c t i o n ,  scrubbing,  and s t r i p p i n g  

bTo be read as 7.8 x lo3. 
ope ra t ions .  

I n  gene ra l ,  the  cesium and cerium DFs were i n  the range of 104 t o  

106, while the ruthenium DFs ranged from 103 t o  105. 

cerium decontamination occurred i n  t h e  e x t r a c t i o n / s c r u b  con tac to r ,  whereas 

a small, but  s i g n i f i c a n t ,  por t ion  of t h e  ruthenium decontamination occurred 

i n  t h e  s t r i p  con tac to r  ( s e e  Table 2). This  was t r u e  i n  all tests except 
2-4A. The l a c k  of decontamination i n  test 2-4A can be a s soc ia t ed  wi th  t h e  

temperature  i n  the s t r i p  con tac to r  (-5O"C), which w a s  h igher  than i n  t h e  

o t h e r  tests (-30°C and -4OoC), and wi th  t h e  use of a hydrogen peroxide 

d i g e s t i o n  s t e p  used i n  t h e  feed adjustment procedure f o r  t h a t  test (discus-  

sed  i n  Sect .  4.1.1). The l a t t e r  effect has a l s o  been observed i n  sub- 

sequent  SETF test runs.  

were c o n s i s t e n t l y  i n  t h e  range of 103 t o  104. 

A l l  of t he  cesium and 

In  t h e  e x t r a c t i o n / s c r u b  con tac to r ,  t h e  106Ru DFs 

The major gamma emitter i n  most of t h e  product s o l u t i o n s  w a s  not  a 

f i s s i o n  product.  

A t  t h e  ope ra t ing  condi t ions  used i n  t h e  SETF tests, much of t h e  neptunium 

followed t h e  plutonium through the  e x t r a c t i o n ,  scrubbing,  and s t r i p p i n g  

ope ra t ions .  

being separa ted  from the  243Am, it  emits a r e l a t i v e l y  s t rong  gamma (0.28 

MeV).  
s o l u t i o n s  should be considered i n  t h e  design of s h i e l d i n g  f o r  t h e  s t r i p p i n g  

c o n t a c t o r  and product tanks.  

It w a s  239Np, t h e  decay daughter  of 2 4 3 h  (see Table 3).  

Although t h e  239Np decays r a p i d l y  ( h a l f - l i f e  = 2.35 d) a f t e r  

Thus, t he  presence of 239Np i n  f r e s h ,  f i r s t - c y c l e  plutonium product 



8 

21 

Table 2. Ruthenium decontamination in first-cycle tests 

lo6Ru DFs 
Test No. Extraction/scrub Strip Total 

1-1 1. 1E3a 6.9 7.8E3 

1-2 7 .OE2 >6.8 >4.7E3 

1-3 1.6E3 6.4 1 .OE4 

2-2A 8 .OE3 17.9 1.4E5 

2-2B 5.6E3 34.4 1.9E5 

2-2c 2.9E3 84.7 2.4E5 

2-2D 1.6E4 15.2 2.4E5 

2-2E 1.833 19.4 3.6E4 

2-4A 3.2E3 1.2 3.7E3 

aTo be read as 1.1 x lo3. 

Table 3. Gamma-emitting components in typical SETF 
product solutions 

Component Activity level 
(IJci/g PU) 

1 O ~ R U  
1 lOm& 

125sb 

134cs 

137cs 

144~e 

1 5 4 ~ ~  

239Np 

14 1 

<O .3 

<1.4 

4.6 

16 

<14 
<O .7 

1873 
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4.2 Reduction of Te t r ava len t  Plutonium 

4.2.1 Use of HAN as the plutonium reduc tan t  

Flowsheets f o r  t h e  Hot Engineering F a c i l i t y  (HEF) cal l  f o  

hydraz ine - s t ab i l i zed  hydroxylamine as t h e  plutonium reduc tan t .  

t he  use of 

Thus, one 

of t h e  primary o b j e c t i v e s  of t he  SETF tests during Campaigns 1 and 2 w a s  

t o  e s t a b l i s h  the  necessary o p e r a t i n g  cond i t ions  f o r  t h e  e f f e c t i v e  use of 

HAN and t o  determine whether s t a b i l i z a t i o n  wi th  hydrazine i s  necessary.  

El iminat ion of t h e  need f o r  hydrazine i n  a r ep rocess ing  p l a n t  is d e s i r a b l e  

because of a p o t e n t i a l  s a f e t y  hazard - t h e  formation of h igh ly  explosive 

compounds, such as hydrazoic ac id  and metal az ides .  

Hydrazine is used as a holding r educ tan t  f o r  Pu ( I I1 )  a f t e r  t h e  l a t te r  

i s  formed by t h e  r e a c t i o n  of Pu(1V) wi th  t h e  HAN. 

w i th  any n i t r o u s  ac id  t h a t  may be generated wi th in  t h e  system and thus  pre- 

v e n t s  t h e  r eox ida t ion  of Pu( I I1 )  by n i t r o u s  a c i d .  T h e o r e t i c a l l y ,  HAN 

should a l s o  be an e f f i c i e n t  n i t r o u s  ac id  scavenger; however, u n s t a b i l i z e d  

HAN has been r epor t ed  t o  be inadequate.1° C o n t r a r i l y ,  two SETF experiments 

showed t h a t  HAN can act as a s u f f i c i e n t  holding r educ tan t  - if t h e  aqueous- 

phase a c i d i t y  i s  kept  s u f f i c i e n t l y  low - -1 - M "03, o r  lower.  

The hydrazine reacts 

The r e s u l t s  of t h e  f i r s t  experiment are shown i n  Fig.  9. I n  t h a t  

experiment,  -90 L of a 1 - M "03 s o l u t i o n  con ta in ing  135 g of plutonium was  

sparged wi th  N2O3 f o r  -60 h a t  25 t o  3OOC. 

p r o g r e s s i v e l y ,  and t h e  Pu( I I1 )  was not s i g n i f i c a n t l y  oxidized u n t i l  t h e  HAN 
had been e s s e n t i a l l y  destroyed. 

The excess HAN w a s  destroyed 

I n  t h e  second experiment,  two so lven t  e x t r a c t i o n  test runs were made 

us ing  u n s t a b i l i z e d  HAN as t h e  plutonium reduc tan t .  I n  each run,  t h e  

HAN/plutonium mole r a t i o  w a s  4, and i n  one of t he  test runs (2-3B) a s ign i -  

f i c a n t  amount of n i t r o u s  ac id  w a s  added t o  t h e  system t o  a d j u s t  t h e  n i t r o u s  

acid/plutonium mole r a t i o  t o  -1.0. Figure 10 shows t h e  plutonium and 

n i t r i c  ac id  concen t r a t ion  p r o f i l e s  i n  t h e  s t r i p p i n g  c o n t a c t o r .  These 

r e s u l t s  i n d i c a t e  t h a t  t h e  plutonium s t r i p p i n g  e f f e c t i v e n e s s  was  not  

decreased by t h e  presence of t h e  n i t r o u s  a c i d .  

p r o f i l e s  were n e a r l y  i d e n t i c a l ;  99.993% of t h e  plutonium was s t r i p p e d  i n  

each run. 

r e s p e c t i v e l y ,  i n  t h e  two runs.  

The plutonium concen t r a t ion  

The maximum aqueous-phase a c i d i t i e s  were 0.53 and 0.56 - M "03, 
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The maximum aqueous-phase a c i d i t y  is probably t h e  key v a r i a b l e  i n  de te r -  

mining whether HAN is  a s a t i s f a c t o r y  holding reductan t  f o r  Pu ( I I1 ) .  In  a 
tes t  a t  SRL i n  which HAN d id  no t  prevent plutonium r e f l u x  ( r eox ida t ion  and 
r e e x t r a c t i o n ) ,  t h e  maximum aqueous-phase a c i d i t y  w a s  2.3 t o  2.5 M. 11 - 

Barney,12 a t  HEDL, has reported t h a t  t h e  rate of reduct ion  of Pluto- 

nium by HAN is  i n v e r s e l y  p ropor t iona l  t o  t h e  f o u r t h  power of t h e  aqueous 

a c i d i t y .  Empir ical  d a t a  from ORNL l abora to ry  experiments a s soc ia t ed  wi th  

SETF ope ra t ions  (shown i n  Fig. 11) are i n  f a i r  agreement. Based on t h e  

s t r i p p i n g  c o e f f i c i e n t s  shown i n  Fig. 11 and t h e  low aqueous/organic phase 

r a t i o  (<0.5) normally used i n  p a r t i t i o n i n g ,  a r e l a t i v e l y  l a r g e  number of 

s t a g e s  would be requi red  t o  s t r i p  99.9% of t h e  plutonium a t  a c i d i t i e s  

g r e a t e r  than -1.5 M "03. 

i s  slower than t h e  rate of reoxida t ion  at t h e s e  a c i d i t i e s .  Thus, i n  a 

coun te rcu r ren t  p a r t i t i o n i n g  con tac to r ,  plutonium w i l l  be s t r i p p e d  i n  t h e  

reg ion  where t h e  aqueous a c i d i t y  is  low enough f o r  HAN t o  be e f f e c t i v e ;  

however, i f  t h e  aqueous s t r t p  s o l u t i o n  conta in ing  Pu(I I1)  subsequent ly  

pas ses  i n t o  a region of t h e  con tac to r  where t h e  a c i d i t y  is high enough t o  

make HAN i n e f f e c t i v e ,  the rate of reoxida t ion  and r e e x t r a c t i o n  w i l l  pro- 

bably  exceed the  rate of r educ t ive  s t r i p p i n g  and cause plutonium r e f l u x  t o  

occur .  

T h i s  is  probably because the  rate of reduct ion  - 

Furthermore,  a t  a c i d i t i e s  below -0.5 - M "03, the redox p o t e n t i a l  of t h e  

plutonium-HN03-HN02 system has been repor ted  t o  be such t h a t  n i t r o u s  ac id  

causes  reduct ion  of Pu(1V) t o  Pu(II1)  .13 9 1 4  SETF tests, descr ibed  below, 
have s u b s t a n t i a t e d  t h i s  r e p o r t .  Thus, when HAN is  being used a t  an a c i d i t y  

of  0.5 - M o r  lower,  t h e  plutonium reduct ion  w i l l  no t  be countered by t h e  

presence of n i t r o u s  ac id .  
equ iva len t  amount of HAN. 

However, t h e  n i t r o u s  a c i d  w i l l  de s t roy  an 

The use of u n s t a b i l i z e d  HAN t o  accomplish r educ t ive  s t r i p p i n g  dur ing  

p a r t i a l  p a r t i t i o n i n g  ope ra t ions  w a s  eva lua ted  ex tens ive ly  dur ing  tests 2-1A 

through 2-15, which comprised a th ree-var iab le  f a c t o r i a l  design.  

lowing v a r i a b l e s  were eva lua ted :  (1) maximum aqueous-phase a c i d i t y  ( a t  

l e v e l s  of 0.3 t o  0.5 and 0.75 t o  1.1 - M "031, (2)  temperature  (at  40°C and 

5OoC), and (3) t h e  presence of excess HAN o r  excess n i t r o u s  ac id .  When 

excess HAN was p resen t ,  t h e  HAN/(pu + HNO2) mole r a t i o  ranged from 5 t o  10; 

when excess "02 was p resen t ,  t h e  mole r a t i o  w a s  0.6 t o  1.0. 

The f o l -  
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AQUEOUS- PHASE "03 CONCENTRATION (u) 
Fig. 1 1 .  Effect of aqueous-phase acidity on stripping coef f ic ients  

when using HAN for reduction of Pu(1V). 
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The e f f e c t  of i nc reas ing  t h e  maximum aqueous-phase a c i d i t y  up t o  1.1 - M 

"03 appeared d e l e t e r i o u s  t o  t h e  y i e l d  of s t r i p p e d  plutonium, as shown in 

Table 4; however, t he  e f f e c t  w a s  i n s i g n i f i c a n t  when excess  HAN was  p resent .  

Table  5 shows t h a t  t h e  e f f e c t  of i nc reas ing  t h e  temperature from 40°C t o  

50°C was s m a l l  when excess HAN w a s  present  and when excess n i t r o u s  ac id  w a s  

p re sen t  a t  low a c i d i t y  (<0.5 - M "03). 

changing from excess HAN t o  excess n i t r o u s  ac id  w a s  d e l e t e r i o u s  i n  every 

case, but  t h e  s e v e r i t y  of t h i s  e f f e c t  was much g r e a t e r  at t h e  h igher  ac id i -  

t ies .  

Table  6 shows t h a t  t h e  e f f e c t  of 

Overa l l ,  t he  r e s u l t s  obtained dur ing  Campaigns 1 and 2 and i n  a s soc ia t ed  

s t u d i e s  show t h a t  uns t ab i l i zed  HAN can be used e f f e c t i v e l y  f o r  t h e  reduc- 

t i v e  s t r i p p i n g  of plutonium i f  t h e  maximum aqueous-phase a c i d i t y  is  main- 

t a i n e d  below -1 - M HNO3 ( p r e f e r a b l y  below 0.5 g "03) and a s u f f i c i e n t  

excess  of HAN i s  used t o  react wi th  any n i t r o u s  ac id  t h a t  may be present  i n  

t h e  system. 

4.2.2 Use of n i t r o u s  ac id  as t h e  plutonium reductan t  

SETF tests 2-2A through 2-2E s u b s t a n t i a t e d  t h a t  n i t r o u s  ac id  could be 
13 

I n  t h e  SETF tests, plutonium and p a r t  of t h e  uranium 

used as a reductan t  f o r  t e t r a v a l e n t  plutonium, as repor ted  by B a t h e l l i e r  

and Tsuj ino e t  a l . 1 4  

were s t r i p p e d  from t h e  pregnant organic  while  using 0.1 - M HNO3 as t h e  

aqueous s t r i p  so lu t ion  and a temperature of -30°C i n  t h e  s t r i p p i n g  contac- 

t o r .  Ni t rous  ac id  was added t o  t h e  system by d i s s o l v i n g  it i n  t h e  organic  

backscrub (BS) so lu t ion .  [ I n  two of t he  tes ts ,  n i t r o u s  ac id  w a s  also 
d i s so lved  i n  t h e  e x t r a c t i o n  so lven t  ( A X )  so lu t ion . ]  

Concentrat ions of >0.3 - M "02 were d isso lved  i n t o  30% (1.09 - M) TBP/NPH; 

however, t he  s o l u t i o n  had t o  be s t o r e d  i n  c losed  con ta ine r s  t o  avoid appar- 

e n t  decomposition of t he  n i t r o u s  ac id  t o  gaseous n i t r i c  oxide ( N O ) .  Some 

ot t h e  n i t r o u s  ac id  w a s  l o s t  from t h e  vented mixer-settlers, but t he  organ- 
i c  stream (BU) l eav ing  t h e  s t r i p p i n g  con tac to r  s t i l l  contained an excess  

of  n i t r o u s  ac id  0 1  mol per  m o l  of plutonium e n t e r i n g  t h e  con tac to r ) .  

The plutonium concent ra t ion  p r o f i l e s  i n  t h e  s t r i p p i n g  con tac to r  during 

t e s t  2-2C are shown i n  Fig. 12,  a long wi th  t h e  Pu(1V) concent ra t ion  p r o f i l e s  

c a l c u l a t e d  by means of t h e  SEPHIS' computer code. 

n e s s  dur ing  tes t  2-2C w a s  obviously better than t h a t  p red ic t ed  f o r  Pu(1V). 

The s t r i p p i n g  e f f e c t i v e -  



Table 4. Effect of maximum aqueous-phase a c i d i t y  i n  the s t r i p  bank 

on the  y i e l d  of s t r ipped  plutonium 

Condit ions of Stripped plutonium y i e l d  ( X )  
b comparison Low a c i d i t y a  High a c i d i t y  

Excess HAN, 40°C 

Excess HAN, 50°C 

Excess HN02, 40°C 

Excess HN02, 50°C 

99.6 (0.28 - M HN03) 

99.8 (0.30 - M HN03) 

92.4 (0.49 - M HN03) 

90.9 (0.49 - M HN03) 

98.8 (0.78 M HN03) 

99.6 (0.74 M HN03) 

50.2 ( 1 . 1  M HN03) 

27.5 (0.94 E HN03) 

- 
- 

- 

N 
co 

Less than 0.5 M HN03. a 

bGreater than 0 .5  - M HNO 

- 

3 '  



Table 5 .  Effect of s t r i p  bank temperature on the y i e l d  of s t r ipped  plutonium 

Conditions of 
comparison 

Stripped plutonium y i e l d  ( X )  
A t  40°C A t  50°C 

Excess HAN, 0.28-0.30 - M HN03 

Excess HAN, 0.74-0.78 - M J3N03 

99.6 

98.8 

99.8 

99.6 

Excess HN02, 0.49 - M HN03 92.4 90.9 

Excess HNO 0.94-1.1 M HN03 50.2  27.5 - 2 ’  



Table 6 .  Effect of changing from excess HAN to excess "02 on yield of 
stripped plutonium 

Conditions of 

comparison 

Stripped plutonium yield (%) 

Excess HAN Excess HN02 

40°C, Low acidity (0.28-0.49 - M HN03) 

50°C, Low acidi ty  (0.30-0.49 - M HN03) 

40°C, High acidity (0.78-1.1 - M HN03) 

5OoC, High acidity (0.74-0.94 - M HN03) 

99.6 

99.8 

98.8 

99.6 

92.4 

90.9 

50.2 

27.5 

w 
0 
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Fig .  12. Comparison of plutonium s t r i p p i n g  e f f e c t i v e n e s s  obtained i n  
test 2-2C wi th  SEPHIS c a l c u l a t i o n  of Pu(1V). 
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Moreover, a n a l y s i s  of a sample of t h e  aqueous stream leav ing  t h e  con tac to r  

(BP) dur ing  test 2-2C showed t h a t  only 62% of t h e  plutonium w a s  i n  t h e  

t e t r a v a l e n t  state. These r e s u l t s  imply t h a t  a p a r t i a l  reduct ion  of t h e  

plutonium had been e f f e c t e d ,  appa ren t ly  by means of t h e  n i t r o u s  ac id .  

A plutonium s t r i p p i n g  y i e l d  of >99% was  achieved dur ing  tes t  2-2D while 

us ing  13 s t r i p p i n g  s t ages ;  i n  a d d i t i o n ,  a s i g n i f i c a n t  uranium-plutonium 

sepa ra t ion  ( sepa ra t ion  f a c t o r  of -1400) w a s  obtained.  The s t r i p p i n g  y i e l d ,  

equ iva len t  t o  -30% per  stage, was not  as high as t h a t  obtained when HAN w a s  

used ( -65% per  s t age ) .  Even so, a uranium-plutonium sepa ra t ion  process  i n  

which n i t r o u s  ac id  is used t o  e f f e c t  p a r t i a l  reduct ion  of t h e  plutonium 

appears  t o  be f e a s i b l e .  

4.3 Uranium-Plutonium S t r ipp ing  Operat ions 

Both cos t r ipp ing  and p a r t i a l  p a r t i t i o n i n g  tests were made i n  t h e  SETF. 
Cos t r ipp ing  ope ra t ions  are those  ope ra t ions  i n  which a l l  of t h e  uranium and 

plutonium are s t r i p p e d  from t h e  pregnant organic  so lven t  i n  one con tac to r ,  

whereas only  p a r t  of t he  uranium is s t r i p p e d  wi th  the  plutonium i n  p a r t i a l  

p a r t i t i o n i n g  opera t ions .  

4.3.1 Cost r ipp ing  

During the  cos t r ipp ing  tests, plutonium w a s  r e a d i l y  s t r i p p e d ,  wi th  o r  

without  reduct ion of t he  t e t r a v a l e n t  plutonium, as shown i n  F ig .  13. The 

curve l abe led  -Pu(IV) is predominantly I V  s i n c e  HAN and N2H4 concen t r a t ions  

were very low. The r e l a t i v e l y  high flow r a t i o  of t h e  aqueous s t r i p  solu- 

t i o n  t o  t h e  organic  so lven t ,  which is needed f o r  adequate uranium s t r i p -  

p ing ,  enabled the  Pu(1V) t o  be s t r i p p e d  wi th  n e a r l y  the  same e f f e c t i v e n e s s  

as observed f o r  Pu(I I1) .  

The uranium concent ra t ion  p r o f i l e s  i n  t h e  s t r i p p i n g  con tac to r  dur ing  

t h e  cos t r ipp ing  tests are shown i n  Fig. 14. 

obta ined  dur ing  a uranium s t r i p p i n g  tes t  i n  which t h e  s t r i p  so lu t ion  w a s  
0.01 M "03 is included f o r  comparison. It is r e a d i l y  apparent  t h a t  t h e  

added s a l t i n g  used i n  t h e  cos t r ipp ing  tests, e i t h e r  t o  provide r educ tan t s  

f o r  t he  plutonium o r  t o  a d j u s t  t he  a c i d i t y  t o  a h igher  l e v e l  t o  prevent  

plutonium hydro lys i s ,  made t h e  uranium s t r i p p i n g  less e f f e c t i v e .  

A concent ra t ion  p r o f i l e  

- 
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Fig. 13. Plutonium stripping during the costripping t e s t e .  
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F i g .  14. Uranium s t r i p p i n g  during the cos tr ipp ing  tests. 
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Therefore ,  more s t r i p p i n g  s t a g e s  o r  a h igher  flow r a t i o  of aqueous s t r i p  t o  

o rgan ic  so lven t  must be used t o  ensure s u f f i c i e n t  uranium s t r i p p i n g  y i e l d s .  

The l a t te r  remedy causes  a mre d i l u t e  product stream t o  be obtained;  thus ,  

i n t e r c y c l e  evaporat ion of t he  product stream could be r equ i r ed .  

4.3.2 P a r t i a l  p a r t i t i o n i n g  

I n  p a r t i a l  p a r t i t i o n i n g  ope ra t ions ,  t h e  goa l  i s  t o  ob ta in  a plutonium- 

uranium product having a plutonium/heavy-metal (uranium plus  plutonium) r a t i o  

of  -0.25 s i n c e  t h i s  is the  r a t i o  needed f o r  subsequent use of t h e  material 
as f a s t  breeder  core  f u e l .  Because i t  is  not  u sua l ly  poss ib l e  t o  ope ra t e  

t h e  p a r t i a l  p a r t i t i o n i n g  system t o  achieve t h e  exact plutonium/heavy-metal 

r a t i o  d e s i r e d ,  a r a t i o  somewhat h igher  than 0.25 is sought.  Uranium can 

then be added t o  d i l u t e  t h e  product s o l u t i o n  t o  t h e  des i r ed  plutonium/ 

heavy-metal r a t i o  p r i o r  t o  conversion of t h e  material t o  mixed oxide.  Dur- 

i n g  t h e  p a r t i a l  p a r t i t i o n i n g  tests, a goa l  w a s  a r b i t r a r i l y  set  t o  ob ta in  a 

product  so lu t ion  having a plutonium/heavy-metal r a t i o  of 0.25 t o  0.40. 

This  range w a s  judged t o  be achievable  when processing i r r a d i a t e d  LWR f u e l s  

i n  which the  plutoniumlheavy-metal r a t i o  is - 0 . 0 1  and from which a rela- 

t i v e l y  l a r g e  enrichment ( a  f a c t o r  of 25 t o  40) i s  requi red .  A narrower 

range might be s p e c i f i e d  when processing f a s t  breeder  f u e l s  (mixed core  and 

b l anke t )  i n  which t h e  i n i t i a l  plutonium/heavy-metal r a t i o  is -0.1. 

The por t ion  of t h e  uranium s t r i p p e d  along wi th  t h e  plutonium can be 

r egu la t ed  by (1) using i n e x t r a c t a b l e  n i t r a t e  s a l t i n g  i n  the  aqueous phase; 

(2) us ing  an organic  backscrub stream i n  the  p a r t i t i o n i n g  con tac to r ;  o r  

(3) reducing plutonium t o  t h e  t r i v a l e n t  s ta te  i n  an aqueous s o l u t i o n  con- 

t a i n i n g  the  plutonium and uranium, 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. A l l  of t h e s e  methods were t e s t e d  i n  t h e  SETF. 

A process  i n  which i n e x t r a c t a b l e  n i t r a t e  s a l t i n g  i s  used and t h e  sal t  

i s  provided by using a concent ra t ion  of HAN g r e a t l y  i n  excess of t h a t  

r equ i r ed  t o  reduce t h e  plutonium t o  t h e  t r i v a l e n t  state was  developed a t  

SRL.15 

as i n  most of t h e  scavenging bank .(C bank) opera t ions  dur ing  Campaign 2. 

Product s o l u t i o n s  having t h e  des i r ed  plutonium/heavy-metal r a t i o  can be 

obta ined  i f  a r e l a t i v e l y  small flow r a t i o  (<0.1) - of aqueous s t r i p  t o  orga- 

nit so lven t  i s  used. The l a r g e  excess  of HAN remaining i n  t h e  product 

This  process  was demonstrated i n  SETF tests 1-1A and 1 - l B ,  as w e l l  



s o l u t i o n  must be decomposed under c a r e f u l l y  c o n t r o l l e d  cond i t ions  ( t o  avoid 

t h e  a u t o c a t a l y t i c  r eac t ion  of HAN with  " 0 3 )  before  t h e  product so lu t ion  

can be heated.  

Resu l t s  of t h e  SEW tests i n  which t h e  organic  backscrub and s e l e c t i v e  

uraniurll e x t r a c t i o n  ioethods were w e d  t o  r e g u l a t e  t h e  por t ion  of uranium 

s t r i p p e d  w i t h  t h e  plutonium are summarized i n  Table 7. These r e s u l t s  show 

t h a t  almost any des i r ed  enrichment of the  plutonium/heavy-metal r a t i o  can 

be obtained by varying the  flow rates. Also,  t he  r e s u l t s  i n d i c a t e  t h a t ,  

because of t h e  extreme s e n s i t i v i t y  t o  t h e  flow rates, t h e  des i r ed  

plutonium/heavy-metal. r a t i o  probably could be bes t  maintained by using an 

i n - l i n e  mcnitor t o  measure t h e  uranium concent ra t ion  i n  t h e  product solu- 

t i o n .  The success fu l  use of an in - l ine  monitor has been demonstrated by 

Hannaford and Davis,  i n  a recent  mic ia ture-mixer -se t t le r  experiment at  

O W .  

Table 7. P a r t i a l  p a r t i t i o n i n g  r e s u l t s  

Organic/aqueous (O/A) PU/(U+PU> r a t i o  Concentration 
Feed Product f a c t o r  f low r a t i o  

0.4a 0.9 8.8 9.8 

0 .ga 0.8 17.4 21 .o 

0 .3b 9.7 21.4 2.2 

1.2a 8.8 96.9 11 .o 

1 .5a 0.9 62.7 69.7 

aO/A flow r a t i o  i n  backscrub sec t ion  of uranium-plutonium s t r i p  

~ O / A  flow r a t i o  i n  e x t r a c t i o n  s e c t i o n  of s e l e c t i v e  uranium e x t r a c t i o n  
column. 

column * 

4.4 Solvent Degradation 

A sample of  t he  waste organic  so lvent  from SETF tes t  1-3 was analyzed 

f o r  t h e  presence of t he  TBP decomposition products ,  d i b u t y l  phosphate (DBP) 

and monobutyl phosphate (MJ3P), by means of a s tandard  plutonium r e t e n t i o n  

tes t .  In t h e  s tandard  tes t ,  t he  organic  so lven t  is used t o  extract Pluto- 

nium from a s tock  so lu t ion  and the  plutonium is  then s t r i p p e d  exhaus t ive ly  
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with  0.1 M "03. 

s o l v e n t  i s  used t o  i n d i c a t e  t h e  concent ra t ions  of DBP and MPB presen t ,  

s i n c e  plutonium complexed by these  compounds cannot be s t r i p p e d  by means of 

t h e  0.1 - M "03. 

The concent ra t ion  of plutonium r e t a i n e d  i n  t h e  organic  - 

When t h e  waste so lven t  sample w a s  subjec ted  t o  t h e  r e t e n t i o n  tes t ,  

t h e  r e t a ined  plutonium concent ra t ion  w a s  6.6 x M. However, during the  

c o s t r i p p i n g  opera t ion  i n  SETF test 1-3, t h e  concent ra t ion  of plutonium 

r e t a i n e d  i n  t h e  so lvent  w a s  only -4 x M. This  is  similar t o  t h e  con- 

c e n t r a t i o n  of plutonium t h a t  was r e t a ined  when f r e s h ,  carbonate-washed 

so lven t  was subjec ted  t o  t h e  s tandard  plutonium r e t e n t i o n  test. 
c a n t  amounts of DBP and MPB were appa ren t ly  present  i n  t h e  waste so lven t  

bu t  were p r e f e r e n t i a l l y  complexed by uranium dur ing  t h e  c o s t r i p p i n g  opera- 

t i o n ,  thus al lowing t h e  plutonium t o  be s t r i p p e d .  

- 

- 

S i g n i f i -  

5. SUMMARY AND CONCLUSIONS 

Two campaigns, each c o n s i s t i n g  of a series of r e l a t e d  so lven t  extrac- 
t i o n  experiments,  were made i n  t h e  SETF t o  test a v a r i e t y  of coprocessing 

f lowshee t s ,  p r imar i ly  f o r  WR f u e l s .  

campaigns had been i r r a d i a t e d  i n  t h e  H. B. Robinson-2 PWR t o  a peak burnup 

of -2.7 TJ/kg (-31,000 Mdd/metric ton)  and had been discharged i n  1974. 

The -5-year cool ing  t i m e  precluded ob ta in ing  d a t a  regarding t h e  behavior of 

t h e  shor t - l ived  f i s s i o n  products ,  p a r t i c u l a r l y  95Zr  and 95Nb. 

The i r r a d i a t e d  U02 f u e l  used i n  these  

A r e a s  of t h e  so lven t  e x t r a c t i o n  process  t h a t  received s p e c i a l  a t t en -  

t i o n  during these  campaigns included (1) crud formation,  p a r t i c u l a r l y  i n  

t h e  e x t r a c t i o n  con tac to r ;  (2)  uranium and plutonium l o s s e s  i n  t h e  extrac- 

t i o n  r a f f i n a t e ;  (3 )  f i s s i o n  product decontamination; (4) reduct ion  of 

t e t r a v a l e n t  plutonium by means of J.-IAN or n i t r o u s  ac id ;  (5) c o s t r i p p i n g  of 

uranium and plutonium; ( 6 )  p a r t i a l  p a r t i t i o n i n g ;  and (7)  so lven t  degrada- 

t i o n .  

A b lack  i n t e r f a c i a l  crud formed i n  t h e  settlers of t h e  e x t r a c t i o n  bank 

du r ing  a l l  f i r s t - c y c l e  tests. This  crud appeared t o  be an emulsion, s t a b i -  

l i z e d  by minute p a r t i c l e s  of i n s o l u b l e  f i s s i o n  product metals t h a t  were no t  

removed dur ing  t h e  feed c l a r i f i c a t i o n .  Severa l  methods were t r i e d  t o  pre- 

vent  ( o r  a t  least reduce) t h e  formation,  but  none was e n t i r e l y  success fu l .  
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Some improvement was  obtained by d i g e s t i n g  the  c l a r i f i e d  feed so lu t ion  with 

hydrogen peroxide a t  90°C; t h i s  t reatment  w a s  intended t o  d i s s o l v e  any 

metal c o l l o i d s  remaining i n  the  c l a r i f i e d  feed s o l u t i o n .  

Losses of uranium and plutonium i n  t h e  e x t r a c t i o n  r a f f i n a t e  were with- 

i n  t h e  range of 0.0002 t o  0.07%, which is considered s u f f i c i e n t l y  low f o r  

reprocess ing  purposes. 

when ope ra t ing  wi th  - >75% so lven t  s a t u r a t i o n .  

cont inuous monitoring of t he  uranium o r  plutonium concen t r a t ions  within t h e  
16 e x t r a c t i o n  con tac to r  would be needed. 

The most s e r i o u s  p o t e n t i a l  f o r  large l o s s e s  occurs  

Under these cond i t ions ,  

F i s s ion  product DFs were measured a t  a v a r i e t y  of ope ra t ing  condi t ions  

t o  determine the  gene ra l  range of va lues  obtained while process ing  WR 

f u e l .  

ruthenium DFs ranged from lo3 t o  lo5. While a l l  of t h e  cesium and cerium 

decontamination occurred i n  t h e  e x t r a c t i o n / s c r u b  con tac to r ,  a s i g n i f i c a n t  
p a r t  of t h e  ruthenium decontamination was effected i n  the s t r i p  contac tor .  

I n  gene ra l ,  cesium and cerium DFs ranged from lo4 t o  lo6,  whereas 

Important  o b j e c t i v e s  of t hese  SETF tests were t o  e s t a b l i s h  t h e  

necessary  ope ra t ing  condi t ions  f o r  t h e  e f f e c t i v e  use of HAN f o r  reducing 

t e t r a v a l e n t  plutonium and t o  determine whether s t a b i l i z a t i o n  wi th  hydrazine 

i s  necessary.  

HAN can 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  is maintained 

below -1 - M HNO3 ( p r e f e r a b l y  below -0.5 - M "03) and a s u f f i c i e n t  excess of 

HAN is  used t o  react wi th  any n i t r o u s  a c i d  that  may be p re sen t  i n  t h e  

system. 

t h u s ,  t h e  p o t e n t i a l  problems t h a t  accompany t h e  use of hydrazine can be 

avoided. 

The tests and a s soc ia t ed  s t u d i e s  showed t h a t  u n s t a b i l i z e d  

The use of hydrazine t o  scavenge n i t r o u s  ac id  is no t  necessary;  

Reductive s t r i p p i n g  of plutonium by means of n i t r o u s  ac id  appears  t o  

be f e a s i b l e ,  a l though not  as e f f e c t i v e  as wi th  HAN. 
that  s u i t a b l e  y i e l d s  of s t r i p p e d  plutonium can be obtained i f  t h e  requi red  

degree  of uranium-plutonium sepa ra t ion  is  no t  extreme. 

The r e s u l t s  showed 

Seve ra l  uranium-plutonium c o s t r i p p i n g  tests were performed. The added 
s a l t i n g  used i n  t h e  s t r i p  s o l u t i o n ,  e i t h e r  t o  provide r educ tan t s  f o r  t h e  

plutonium o r  t o  obta in  a h igher  a c i d i t y  ( t o  prevent  plutonium hydro lys i s ) ,  

made t h e  uranium s t r i p p i n g  less e f f e c t i v e  than convent ional  s t r i p p i n g  of 

uranium wi th  0.01 - M €IN03 (when only  uranium is  present ) .  

o b t a i n  a s u f f i c i e n t  uranium s t r i p p i n g  y i e l d  i n  cos t r ipp ing  ope ra t ions ,  

I n  o rde r  t o  
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e i t h e r  a r e l a t i v e l y  l a r g e  number of s t r i p  s t a g e s  o r  a r e l a t i v e l y  high flow 

r a t i o  of aqueous s t r i p  t o  organic  so lvent  i s  requi red .  Plutonium s t r i p p i n g  

occurred r e a d i l y  a t  t h e  r e l a t i v e l y  high flow r a t i o s  requi red  f o r  uranium 

s t r i p p i n g ,  wi th  o r  without reduct ion of t h e  t e t r a v a l e n t  plutonium. 

In p a r t i a l  p a r t i t i o n i n g  ope ra t ions ,  t h e  por t ion  of t he  uranium s t r i p -  

ped along wi th  the  plutonium can be regula ted  by (1) us ing  i n e x t r a c t a b l e  

n i t r a t e  s a l t i n g  i n  the  aqueous phase; ( 2 )  us ing  an organic  backscrub stream 

i n  t h e  p a r t i t i o n i n g  contac tor ;  o r  ( 3 )  reducing plutonium t o  the  t r i v a l e n t  

s ta te  i n  an aqueous so lu t ion  conta in ing  t h e  plutonium and uranium, followed 

by s e l e c t i v e  ex t r ac t ion  of p a r t  of t he  uranium. A l l  of t hese  methods were 

t e s t e d  i n  t h e  SETF, but t h e  major emphasis w a s  placed on t h e  use of an 

o rgan ic  backscrub. Resu l t s  showed t h a t  almost any des i r ed  enrichment of 

t h e  plutonium/heavy-metal r a t i o  can be obtained by varying t h e  flow rates. 

Also,  because of t h e  extreme s e n s i t i v i t y  t o  flow rates, t h e  des i r ed  

plutonium/heavy-metal r a t i o  probably could be best obtained by us ing  an in-  

l i n e  monitor t o  measure the  uranium concent ra t ion  i n  t h e  product so lu t ion .  

Plutonium r e t e n t i o n  tests made on a sample of waste organic  so lven t  

from one of t h e  SETF cos t r ipp ing  ope ra t ions  ind ica t ed  t h a t  s i g n i f i c a n t  

amounts of t h e  TBP degradat ion products  were present  but  d id  not  r e t a r d  t h e  

s t r i p p i n g  of plutonium. The degradat ion products  may have been preferen-  

t i a l l y  complexed by the  uranium. 
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7. APPENDIX 

h 



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

Run No. 
1-1 1-2 1-3 

Dates 11/19-22/78 11/28-29/78 12 / 5-7 / 78 

Bank temperature, "C 38-39 39-40 39 

Number of stages: 
scrub/int. scrub/extraction 7/0/9 7/0/9 7/0/9 

AX f l o w  rate, L/h 1.573 1.563 1.556 

Flow ratios: 
AS/AX 
AF/AX 

Inlet stream compositionsa 

AS stream: 

AX stream: 
"03, E 

"03, 2 
"03, g 
u ,  g/L 
Pu, g/L 
Am, mg/L 
Cm, m g / ~  

X TBP 

AF stream: 

RU-106, Ci/L 
CS-137, Ci/L 
Ce-144, Ci/L 
EU-154, Ci/L 
Np-239, Ci/L 

0.108 
0.261 

1 .o 

30 
-0.45 

3 .O 
309 
3.11 
111 
7 
4.9 
21.8 
3.9 
0.73 
0 .0056b 

0.109 
0.256 

0.50 

30 
-0.45 

3.1 
30 1 
2.73 
96 
7 
5.8 
23.7 
4.5 
0.82 
0 .0048b 

0.122 
0.311 

3 .O 

30 
-0.45 

3 e 0  
297 
2.79 
123 
7 
4.8 
23.6 
4.8 
0.99 
0 .0062b 



Table A-1 (continued) 

Run No. 
1-1 1-2 1-3 

Ou t l e t  stream compositionsa 

Aw stream: 
"03, E 
u ,  mg/L 
Pu, mg/L 
Am, mg/L 
Cm, m g / ~  

"03, 

u ,  g/L- 
Pu, g / L  

cs-134, l lCi /L  

AP stream: 

"02, M 

Ru-106, pCi /L  
Sb-125, pCi /L  

CS-137, pCi /L  
Ce-144, pCi/L 
Eu-154, pCi /L  
Np-239, pCi /L  

3.5 
<o .1 

0.0052 
77 
4.5 

0.04 
0.0008 
87 
0.73 
1030 

<2 
<2 
<2 
(10 
<5 

1200 

-4 
2 
0.0062 
75 
4.3 

0.03 

76 
0.51 
1550 

C 

<5 
-< 1 
<2 
<70 
<3 

C 

-4 
8.5 

<O .05 
C 
C 

0.18 
<o .0002 

88 
0.70 
766 

<2 
<O .4 
<O .5 
<30 
<1 

C 

aOn d a t e  of run. 
bCalculated from 243Am concent ra t ion  (-25% of t o t a l  americium) i n  AF. 
'Not measured. 

f- 
w 



Table A-2. Run 1-1 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. - 
l -1A l-1B l-1c 1-1d 

Dates 11/19-20/78 

Bank temperature,  O C  

Number of s t ages :  
s t r i p / s c r u b  

BX flow rate, L/h 

Flow r a t i o s :  
@/BX 

I n l e t  stream compositions 

BX stream: 

HAN, M 
AP stream: 

x TBP 
"03, fi 
"02, fi 
u ,  g/L 
Pu, g/L 

"03, g 

Ru-106, pCi /L  
Sb-125, pCi/L 
CS-134, pCi/L 
CS-137, pCi/L 
Ce-144, C i / L  
EU-154, C i / L  
Np-239, C i / L  

39 

4/0 

0.25 

5.9 

0.06 
1.42 

30 
0.04 
0.0004 
91 
0.75 
92 

<2 
(0.3 
<o .4 
<2 
<2 

C 

1 1 / 20/ 78 

39 

4 / 0  

0.26 

5.8 

0.11 
0.49 

30 
0.04 
0.0007 

0.73 
850 

C 

<20 
<3 
<3 
<200 
<6 
1000 

11 /2 1/ 78 

38-39 

4/0 

0.27 

5.7 

0.19 
0 .03a 

30 
0.045 
0.0009 
87 
0.71 
1210 

<6 
<4 
<6 
<70 
<6 

1200 

11/21-22/78 

39 

4/0 

0.26 

6 .O 

0.22 
b 

30 
0.05 
0.002 
87 
0.73 
1250 

(2 
<2 
<2 
<10 
<5 

1400 



Table A-2 (continued) 

Run No. 
1-1A 1-1B 1-1c 1-1D 

BP stream: 
"03, M 
u ,  gIL 
Pu, g/L 
Ru-106, pCi/L 
Sb-125, pCi/L 
CS-134, pCi/L 
CS-137, pCi /L  
Ce-144, pCi/L 
Eu-154, pCi/L 
Np-239, pCi/L 

BU stream: 
"03, M 
u ,  g/L- 
Pu, g/L 

0.31 
49 
4 .O 
60 

29 
94 
9 

<5 

(3 

C 

0.01 
83 
0.005 

0.40 
44 
4.4 
612 

20 
71 

(60 
(3 

<6 

9780 

<o .01 
79 
0.018 

0.40 
28 
2.9 
1070 

41 
128 

<80 
<3 

<6 

6900 

0.01 
78 
0.16 

0.40 
25 
4.0 
1200 

31 
103 

<70 
<4 

<8 

14000 

0.01 
80 
0.012 

aAlso contained 2 M NH4NO3. 
bReductant was 0.07 - M f e r r o u s  sulfamate.  
'Not measured. 

Also contained 2 - M NH4NO3. 

d a t e  of run. 



Table A-3. Run 1-1 f irst-cycle  t e s t s  - plutonium scavenging bank conditions 
and results 

Run No. 
l-1A l-1B l-1c l-1D 

Dates 11 / 19-20/78 11/20/ 78 11/21/78 11/21-22/78 

Bank temperature, O C 

Number of stages: 
strip/scrub 

CX flow rate,  L/h 

Flow ratio: 
BU/ CX 

I n l e t  stream compositions 

CX stream: 
"03, 
Ferrous sulfamate, - M 

BU stream: 
% TBP 
"03, 
u,  g/L 
Pu, mg/L 

38-39 39 38-39 39 

4/0 4/0 4/0 4/ 0 

0.23 0.22 0.26 0.27 

6.4 6.9 6 .O 5.8 

1.9 
0.05 

30 
0.01 
85 
11 

1.9 1.9 
0.05 0.05 

30 30 
<o .01 0.01 
79 91 
18 120 

1.9 
0.05 

30 
0.01 
78 
3.4 

E- m 



Table A-3 (continued) 

Run No. 
~~ 

1-1A 1-1B 1-1c 1-1D 

Out 1 et stream compositions 

CP stream: 
"03, M 1.05 1.33 1.35 1.32 
u, g/L- 41 33 32 36 
Pu, mg/L 27 99 840 66 

"03, M a a 0.11  a 

Pu, mg/L 1.1 3 .2  17 0.52 

aNot measured. 

CW stream: 

u ,  g/L 76 74 73 74 



Table A-4. Runs 1-2 and 1-3 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. 
1-2A 1-2B 1-3A 1-3B 

Dates 11 /28-29/78 11/29/78 

39 

12/ 5-6/ 78 

39 

12/6-71 78 

39 Bank temperature ,  "C 39 

Number of s t ages :  
s t r i p / s c r u b  5/ 3 5/ 3 

0.24 

16/0 

1.76 

16/0 

1.82 BX flow rate, L/h 0.23 

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

7 .O 
1.5 

6.5 
0.41 

0.88 -- 0.86 -- 
I n l e t  stream compositiona 

BX stream: 
"03, M 
HAN, M- 

BS stream: 
x TBP 

AP stream: 
x TBP 
"03, 
"02, 5 
u ,  g/L 
Pu, g/L 
Ru-106, pCi/L 
Sb-125, pCi/L 
CS-134, pCi/L 
CS-137, pCi/L 
Ce-144, pCi/L 
Eu-154, pCi/L 

0.20 
O.lb 

0.18 
O.lb 

0.098 -- 0.10 
0.05c 

30 30 

30 
0.04 
0.0002 
77 
0.59 
1708 

<7 
<2 
<2 

<2 
70 

30 
0.03 
d 
76 
0.51 
1390 

<5 
<1 
<2 
<70 
<3 

30 
0.15 

<o .0002 
90 
0.76 
833 

<5 
<1 
<2 
<50 
<3 

30 
0.18 

<o .0002 
89 
0.70 
700 

<2 
<O .4 
<O .5 
<30 
<1 



Table A-4 (continued) 

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

Out le t  stream comDositionsa 

BP stream: 
"03, M 0.75 0.57 0.20 0.24 
u ,  g/L- 2.3 46 88 76 
Pu, g/L 3.8 4.4 0.79 0.68 
Ru-106, pCi /L  1620 120 1040 107 
Sb-125, pCi/L 13 <20 <4 <4 
03-134, pCi /L  58 284 <O .7 19 

Eu-154, pCi/L <3 36 <2 <3 

"03, M 0.01 <o .01 0.08 <o .02 

Ru-106, pCi/L d d d 577 
Sb-125, pCi/L d d d <3 

cs-137, pCi/L d d d <o .5 
Eu-154, pCi/L d d d <1 

cs-137, pCi/L 190 916 <O .8 62 
Ce-144, pCi/L <80 150 <50 <50 

Np-239, pCi /L  66000 d d d 
BU stream: 

u,  g/L- 65 67 0.05 0.24 
Pu, g/L 0.004 1 0.0042 0.00003 0.0004 

cs-134, pCi /L  d d d <O .5 

Ce-144, pCi/L d d d <40 

aOn d a t e  of run. 
bAlso contained 0.05 M N2H4. 
cAlso contained 0.02 - N2H4. 
d N o t  measured. 



Table A-5. Runs 1-2 and 1-3 first-cycle tests - plutonium scavenging bank 
conditions and results 

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

Dates 11/28-29/78 11/29/78 121 5-6/78 12/6-7/78 

Bank temperature, OC 38-39 39 39 39 

Number of stages: 
strip/scrub 4/0 

CX flow rate, L/h 0.34 

Flow ratio': 
BU/ CX 

Inlet stream comDositions 

5.8 

CX stream: 
"03, E 2 .o 
Ferrous sulfamate, - M 0.05 

% TBP 30 

u, g/L 60 
Pu, mg/L 2.3 

BU stream: 

"03, E 0.01 

4/0 

0.28 

5.9 

2 .o 
0.05 

30 
<o .01 

67 
2.1 

16/0 

0.22 

7 .O 

2.1 
0 e05 

30 
0.08 
0.05 
0.017 

16/0 

0.19 

8.2 

2.1 
0.05 

30 
<o .01 

0.24 
0.44 

cn 
0 



Table A-5 (continued) 

Run NO. 
1-2A 1-2B 1-3A 1-3B 

Out let stream compositions 

CP stream: 
"03, M 
u ,  g/L- 
Pu, mg/L 

CW stream: 

0.78 1 . l l  a a 
26 26 <O .05 0.42 
19 22 0.49 0.003 

a 0.16 a a 
61 63 0.04 0 .16  
1 . 1  0.37 0.020 0.005 

aNo t measured. 



Table A-6. Runs 2-2 and 2-4 first-cycle tests - extraction/scrub bank 
conditions and results 

Run No. 
2-2A 2-2B 2-2c 2-2D 2-2E 2-4A - 

Dates 

Bank temperature, OC 

Number of stages : 
scrub/int. scrub/extrac. 

Ax flow rate, L/h 

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

Inlet stream comDositionsa 
AS stream: 

AIX stream: 

AX stream: 

AF stream: 

"03, g 

"03, g 
x TBP 
"039 
u ,  g/L 
Pu, g/L 
Am, mg/L  
Cm, m g / t  
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 

5/7-8/79 

40 

3/3/ 10 

1.651 

0.119 
0.065 
0.297 

0.79 

2.95 

30 

3.2 
298 
2.71 
99 
5.5 
4.2 
0.54 
6.7 
25.1 
3.3 
0.97 
0 .0037d 

5/ 9-1 O /  79 

40 

3/3/ 10 

1.628 

0.116 
0.066 
0.273 

0.79 

2.95 

30b 

3.3 
28 4 
2.80 
114 
6.8 
3.5 
0.53 
7.3 
26 .O 
3.2 
1.1 
0 .0043d 

5/11/79 

40 

3/3/10 

1.648 

0.116 
0.067 
0.251 

0.80 

3.05 

30' 

3 .1 
299 
2.63 
117 
6.3 
3 .O 
0 -51 
6.8 
25.1 
3 .2 
1.0 
0 .0044d 

5/ 13/79 

50-5 1 

3/3/10 

1.650 

0.116 
0.056 
0.267 

0.80 

3.05 

30 

3.1 
313 
2.63 
103 
6.6 
3.2 
0.54 
7.2 
26.1 
3.3 
1.1 
0 .003gd 

5/15-16/79 

40 

3/3/ 10 

1.678 

0.066 
0.033 
0.139 

0.80 

3.08 

15 

3.2 
318 
2.91 
103 
6.1 
2.8 
0.55 
6.5 
24 .O 
3 .O 
0.95 
0 .0037d 

6/18-19/79 

39 

3/3/ 10 

1.516 

0.133 
0.075 
0.518 

0.80 

3.05 

30 

3.3 
144 
13.5 
22 
2.2 
1 .o 
0.24 
2.5 
9.9 
1.2 
0.39 
0 .0008d 



Table A-6 (con t inued)  

Run No. 
2-2A 2-2B 2-2c 2-2D 2-2E 2-4A 

O u t l e t  stream compositionsa 
AW stream: 

"03, E 
u ,  mg/L 
Pu, mg/L 
Am, mg/L 
Cm, mg/L 
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, 

u ,  g/L- 
Pu, g/L 

"02, M 

Ru-106, pCi/L 
Sb-125, pCi/L 
CS-134, pCi/L 
CS-137, pCi/L 

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

Ce-144, pCi/L 

2.6 
e 
0.22 
61 
3 .O 
1.4 
0.27 
3.7 
13.7 
1.9 
0 e51 

0 -03 
<o .0002 

90 
0.77 
149 

<2 
<0.5 

<9 
<2 
3 

0.93 

2.7 
37 
0.10 
65 
4.2 
1.9 
0.35 
4.2 
15.4 
2.2 
0.65 

0.07 

72 
0.69 
154 
e 
e 
e 
2.4 

<O .8 
e 

0 -013 

3 -0 
60 
1 .o 
67 
3.7 
1.5 
0.27 
4 .O 
15 .O 
1.9 
0.65 

0.06 
0.023 
81 
0.68 
268 
4.6 
e 
e 
e 
e 
e 

2.1 
e 
0.37 
0.99 
0.06 
1.7 
0.38 
4.4 
16.2 
2 .o 
0.76 

0.025 
0.0009 
91 
0.78 
60.3 
e 
e 
0.51 
e 
e 
e 

e 
56 
0.21 
28 
1.6 
e 
e 
e 
e 
e 
e 

0.008 
0.0016 
42 
0.32 
167 
1 .o 

<O .08 
<O .6 
<O .8 
<o .2 

380 

2.9 

0.059 
36 
1.5 
0.70 
e 

1.8 
7.2 
0.90 
0.24 

<1 

0.12 
<o .001 

83 
9.51 
220 
e 
e 

1.1 
e 
e 

910 

aOn d a t e  of run. 
bAlso contained 0.27 M HN02. 
cAlso contained 0.33 "02. 
dCalculated from 243& concent ra t ion  (-25% of t o t a l  americium) i n  AF. 
eNot measured. 

cn 
w 



Table A-7. Runs 2-2 and 2-4 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. - 
2-2A 2-2B 2-2c 2-2D 2-2E 2-4A 

5/7-8/79 5/9-10/79 5/11/79 5/13/79 5/15-16/79 6/18-19/79 Dates 

Bank temperature,  "C 28 28 28 28 27-28 51 

Number of s t a g e s  : 
s t r i p / s c r u b  5/ 3 10/3 10/3 13/3 13/3 16a/0 

BX flow rate, L/h  0.31 0.30 0.40 0.40 0.40 1.69 

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

I n l e t  stream cornpositionsb 
BS stream: 

"03, 4 
B I X  stream: 

"03, E 
BS stream: 

x TBP 
"02, E 
"03, 

AP stream: 
x TBP 
"03, g 
"02, g 
u ,  g/L 
Pu, g/L 
Ru-106, pCi/L 
Sb-125, pCi/L 
CS-134, pCi/L 
CS-137, pCi /L  
Ce-144, pCi/L 
Eu-154, u C i / L  
Np-233, pCi/L 

5.4 5.5 4.1 4.1 4.2 0.90 
0.93 1 .o 1.2 1.1 1.2 -- 

-- 0.093 -- -- -- -- 

0.10 

30 
0.30 
0.31 

30 
0.03 

<o .0002 
90 
0.77 
149 

<2 
<O -5 

<9 
<2 

0.93 

a 

0.10 

30 
0.27 
0.33 

30 
0.07 
0.013 
72 
0.69 
154 
d 
d 
d 
2.4 

d 
<O e 8  

0.10 

30 
0.33 
d 

30 
0.06 
0.023 
81 
0.68 
268 
d 
d 
d 
d 
d 
d 

0.10 

30 

d 
0 e33 

30 
0.025 
0.0009 
91 
0.79 
60 
d 
d 
0.51 
d 
d 
d 

0.10 

15 
0.16 
0.1 

5 
0.008 
0.0016 
42 
0.32 
167 
d 
d 
0.6 

<O .8 
<o .2 

380 

cn 
.b 0 .006c 

3 .O 

30 
0.12 

<o .001 
83 
9.6 
220 
d 
d 
1.1 
d 
d 
910 



Table A-7 (continued) 

Run No. 
2-2A 2-2B 2-2c 2-2D 2-2E 2-4A 

Out l e t  stream composition sb 
BP stream: 

Pu, g/L 
Ru-106, pCi/L 
Sb-125, pCi/L 
CS-134, pCi/L 
CS-137, pCi/L 

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

Ce-144, pCi/L 

BU stream: 

"02, M 
"03, 

u ,  g/L- 
Pu, g/L 
Ru-106, pCi/L 
Sb-125, pCi/L 
CS-134, pCi/L 
CS-137, pCi/L 
Ce-144, pCi/L 
1311-154, pCi/L 
Np-239, K i / L  

0.37 
47 
2.4 
26 

12 
45 
19 

160 

0.02 
0.02 
65 
0.21 
112 

<2 
<0.1 
0.2 

<1 
<O .5 
<20 

<3 

<1 

0.43 
36 
3.7 
24 

28 
108 
19 
5.4 

<140 

<5 

0.05 
0.023 
58 
0.020 
120 
d 
d 
d 
1.9 
d 
d 

0.34 
34 
2.9 
13.5 
2.7 
13 
57 
11 
d 
d 

0.055 
0.089 
56- 
0.008 
173 
d 
d 
d 
1.6 
d 
d 

0.34 
34 
3.2 
16 
d 
9.7 
35 
11 
d 
d 

0.027 
0.0035 

-7 0 
0.0047 
60 
d 
d 
d 
1.2 
d 
d 

0.26 
72 
1.3 
35 
0.76 
3.7 
13 

0.9 
2600 

d 
0.014 
22 
0.0002 
d 
d 
d 
d 
d 
d 
d 

<1 

0.38 
62 
6.1 
120 
d 
5.9 
21.1 
2.2 
d 

910 

d 
<o .0002 

0.001 
0.0016 
88 
d 
d 
0.81 

<O .5 
d 
d 

aComprised of 2 low-acid s t r i p  s t a g e s  and 14 high-acid s t a g e s .  
bOn d a t e  of run. 
cAlso contained 0.0035 - M HAN. 
dNot measured. 



Table A-8. Run 2-2 f i r s t - c y c l e  tests - plutonium scavenging bank cond i t ions  
and r e s u l t s  

Run No. 
2-2A 2-2B 2-2c 2-2D 2-2E 

Dates 5/7-8/79 5/9-10/79 5/11/79 5/13/79 5/15-16/79 

Bank temperature,  O C  40 40 40 38-39 39-40 

Number of stages: 
s t r i p / s c r u b  16/0 16/0 16/0 16/0 16/0 

CX flow rate, L/h 0.20 0.22 0.22 0.20 0.21 

Flow r a t i o :  
BU/CX 

I n l e t  stream comDositions 

CX stream: 
"03, M 
HAN, M- 

BU stream: 
% TBP 
"03, g 
"02, M 
u ,  g/L- 
Pu, mg/L 
Ru-106, pCi/L 
CS-134, pCi/L 
CS-137, pCi/L 
Ce-144, pCi/L 
Eu-154, pCi/L 

9.7 8.8 9.6 10 -6 10.3 

0.21 
-1.5 

30 
0.021 
0.022 
65 
210 
112 

<o .1 
0.19 

<1 
<O .5 

0.21 
-1.5 

30 
0.05 
0.023 
58 
20 
120 
a 
a 
1.9 
a 

0.21 
-1.5 

30 
0.05 
0.089 
56 
8 
173 
a 
a 
1.6 
a 

0.21 
-1.5 

30 
0.027 
0.0035 
a 
4.7 
60 
a 
a 
1.2 
a 

0.21 
-1.5 

15 
a 
0.013 
22 
0.23 
a 
a 
a 
a 
a 



Table A-8 ( continued) 

Ou t l e t  stream comDositions 

Run No. 
2-2A 2-2B 2-2c 2-2D 2-2E 

CP stream: 
"03, E 
u, g/L 
Pu, mg/L 

Reducing, - N 

Ru-106, pCi/L 
(3-134, pCi/L 
CS-137, pCi/L 

Eu-154, vCi/L 
Ce-144, pCi/L 

CW stream: 
"03, 
"02, E 
u ,  g/L 
Pu, mg/L 
Ru-106, pCi/L 
CS-134, pCi/L 
CS-137, pCi/L 

Eu-154, pCi/L 
Ce-144, pCi/L 

0.7 
3.2 
19 
2000 
92 

<o .9 
3.5 
5.1 
1.9 

0.06 
<o .0002 

63 
2.7 
94 
1 .o 
3.5 
5.1 
0.8 

0.63 
2.8 
15 
220 
27 

1.4 
3.5 
a 

0.04 
0.0004 
57 
0.27 
104 
a 

(0.5 
a 
a 

<1 

0.68 
3.2 
15 
73 
44 
0.13 
0.22 

<1 
a 

0.05 
<o .0002 

51 
1.5 
230 
a 
a 
2.4 
a 

0.48 
2.8 
a 
54 
24 
a 
0.81 
3 .O 
a 

0.04 
0.0003 
68 
0.35 
60 
a 
a 
1.2 
a 

0.23 
4 .O 
9.8 
1.2 
52 
a 
0.54 
a 
a 

a 
0.0002 
18 

<o .2 
a 
a 
a 
a 
a 

aNot measured. 



Table A-9. Run 2-1 second-cycle tests - extraction/scrub bank conditions and results 

Run No. 
2-1A 2-18 2-1c 2-ID 2-1E 2-1F 2-16 2-1H 2-1 J 

Dates 3126-27179 

Bank temperature, OC 

Number of stages : 
scrublint. scrublextrac. 

AX flow rate, L/h 

Flow ratios: 
AS/AX 
AIS/AX 
AFIAX 

Inlet stream compositions 

AS stream: 

A I X  stream: 

AX stream: 

"03, E 

"03, E 

"02, E 

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

% TBP 

AF stream: 

Ru-106, uCi/L 
Sb-125, W / L  
CS-134, W / L  
CS-137, Ni/L 

40 

3/31 10 

1.12 

0.11 
0.059 
0.94 

0.8 

3 .O 

30 
a 

3.5 
78 .O 
2.1 
7700 
105 
78.4 
289 

3/27/79 

40 

3/31 10 

1.03 

0.12 
0.064 
1.02 

0.8 

3 .O 

30 
a 

3.5 
78 .O 
2.1 
7700 
105 
78.4 
289 

3/27/79 

39 

6/01 10 

0.96 

0.17 

1.17 
-- 

3 .O 

-- 

30 
a 

3.5 
78 .O 
2.1 
7700 
105 
78.4 
289 

3127-28179 

41 

61091 10 

1 .oo 

0.19 

1 .ll 
-- 

3 .O 

-- 

30 
a 

3.5 
78 .O 
2.1 
7700 
105 
78.4 
289 

3/28/79 

40 

3/3/10 

1.01 

0.12 
0.077 
1.10 

0.8 

3 .O 

30 
a 

3.5 
78 .O 
2.1 
7700 
105 
78.4 
289 

3/29/79 

41 

3/3/10 

1.07 

0.12 
0.067 
0.95 

0.8 

3 .O 

30 
0.48 

3.5 
78 .O 
2.1 
7700 
105 
78.4 
289 

3/29/79 

42 

3/31 10 

1.07 

0.12 
0.068 
0.97 

0.8 

3 .O 

30 
0.48 

3.5 
78 .O 
2.1 
7700 
105 
78.4 
289 

3130179 

40 

6/01 10 

1.04 

0.19 

0.98 
-- 

3 .O 

-- 

30 
0.48 

3.5 
78 .O 
2.1 
7700 
105 
78 -4 
289 

3130179 

40 

6 / 0 1  10 

1.07 

0.14 

0.97 
-- 

3 .O 

30 
0.48 

3.5 
78 .o 
2.1 
7700 
105 
78.4 
28 9 



Table A-9 (continued) 

Run No. 
2-1A 2-1B 2-1c 2-1D 2-1E 2-1 F 2-1G 2-1H 2-15 

Out 1 et stream comDos i t ion sb 

AP stream: 

"02, M 
"03, M 
u, g/L- 
Pu, g/L 
Ru-106, Ni/L 
CS-134, uCi/L 
CS-137, N i / L  

0 .os 0.03 0.15 0.15 0.02 0.13 0.13 0.28 0.24 
0.0005 0.001 <o .002 0.0004 0.0003 0.043 0.035 0.045 0.040 
69 84 92 87 87 73 73 74 80 
1.5 1.2 0.90 0.65 0.68 1.9 1.8 1.9 1.5 
48 16 4.6 8.7 10.3 24 17.5 a 38 

<O .3 <0.5 <0.1 <0.1 <0.1 <o .2 <0.1 <O .8 <O .5 
(0.5 <o .5 <o .2 <O .2 <0..2 <o .2 <0.2 <O .8 <o .2 

aNot measured. 
bAW stream not sampled. 



Table A-10. Run 2-1 second-cycle tests - strip bank conditions and results 

- Run No. 
2-1A 2-1B 2-1c 2-1D 2-1E 2-1F 2-1G 2-1H 2-15 

Dates 

Bank temperature, "C 

Number of stages: 
striplscrub 

BX flow rate, L/h 

Flow ratios: 
AP/BX 
BS/BX 

Inlet stream compositions 

BS stream: 
"03, M 
KAN, M- 

BS stream: 
x TBP 

AP stream: 
x TBP 
"03, 
"02, M 
u, g / t  
Pu, g/L 
Ru-106, uCi/L 
CS-134, pCi/L 
CS-137, pCi/L 

31 26-27 I79 

41 

51 3 

0.23 

4.8 
0.83 

0.10 
0.13 

30 

30 
0.05 
0.0005 
69 
1.5 
48 

<O .3 
<o .5 

3/27/79 

50 

51 3 

0.23 

4.5 
0.82 

0.10 
0.13 

30 

30 
0.03 
0.001 
84 
1.2 
16 

<O .5 
<O .5 

3/27/79 

42 

51 3 

0.23 

4.3 
0.79 

0.10 
0.13 

30 

30 
0.15 

<o .002 
92 
0.90 
4.6 
<0.1 
<o .2 

3127-2a179 

51 

513 

0 -23 

4.3 
o .ai 

0.10 
0.13 

30 

30 
0.15 
0.0004 

0.65 
8.7 

<0.1 
<o .2 

a7 

3/28/79 

40 

51 3 

0.23 

4.4 
0.80 

0.10 
0.13 

30 

30 

a7 

0.02 
0.0003 

0.68 
10 -3 

<0.1 
<o .2 

3/29/79 

41 

51 3 

0.24 

4.4 
0.82 

0.10 
0.13 

30 

30 
0.13 
0.043 
73 
1.9 
24 
(0.2 
<o .2 

3/29/79 

40 

51 3 

0.25 

4.3 
0.82 

0.10 
0.13 

30 

30 
0.13 
0.035 
73 
1.8 
17.5 

<0.1 
<o .2 

31 301 79 

40 

513 

0.24 

4.3 
0.80 

0.10 
0.13 

30 

30 
0.28 
0.045 
74 
1.9 
a 

<O .8 
<O .8 

3130179 

51 

513 

0.25 

4.3 
0.82 

0.10 
0.13 

30 

30 
0.24 
0.040 
80 
1.5 
38 

<O .5 
<o .2 



Table A-10 (cont inued)  

Run No. . ~ . 

2-1A 2-1 B 2-1c 2-1D 2-1E 2-1 F 2-1G 2-1H 2-15 

O u t l e t  stream compositions 

BP stream: 
"03, M 

u ,  g/L 
Pu, g/L 
PU(IV), 4; 

cs-134, I.lCi/L 

"03, M 
u ,  g/L-- 
Pu, mg/L 

Reducizg, - N 

Ru-106, p C i / L  

CS-137, p C i / L  
BU stream: 

"02, M 

Ru-106, pCi /L  
(26-134, p C i / L  
CS-137, K i / L  

0.47 
0.1 
11 
9.4 
13 
54 

8.1 

0.03 
a 
57 .s 
1.95 
a 
a 
a 

<2 

0.30 
0.22 
38 
4.9 
2.2 
13.5 
3 .O 
10.4 

<o .01 
a 
61 
0.6 
14.4 

<O .08 
<0.1 

0.78 
0.21 
27 
4.4 
1.8 
8.1 
0.48 
1.6 

0.01 
a 
69 
8.2 
9.5 

<0.1 
<o .2 

0.74 
0.24 
34 
2.6 
1.3 
11.4 
0.40 
1 .o 

<o .01 
a 
68 
1.7 
7.6 

<O .05 
<0.1 

0.28 
0.38 
40 
2.8 
0.6 
9.5 
1.1 
3.2 

<o .01 
a 
64 
1.3 
7.6 

<0.1 
<o .2 

0.49 
<o .01 

27 
7 - 0  
72 
40 
0.81 
2.2 

0.04 
0.010 
57 
100 
18.5 

<o .2 
<o .2 

0.49 
<o .01 

27 
6.1 
83 
53 

<O .5 
1.6 

0.05 
0.031 
59 
130 
16.4 

<0.1 
<o .2 

0.96 
<O .05 

6.7 
3.1 
96 
21.6 

<O .8 
3.2 

0.05 
0.029 
62 
760 
10 .o 

<O .08 
<0.1 

0.94 
<o . O l  

9.3 
2.1 
92 
30 

3 .O 

0.04 
0.029 
62 

1300 
24 

<O .5 
<O .8 

<1 

aNot measured. 



Table A-11. Run 2-1 second-cycle tes ts  - plutonium scavenging bank conditions and results 

Run No. 
2-1A 2-1B 2-1c 2-1D 2-1E 2-lF 2-1G 2-114 2-1 J 
- 

Dates 

Bank temperature , OC 

Number of stages: 
striplscrub 

cx flow rate, ~ l h  

Flow ratio: 
BU/ CX 

I n l e t  stream compositions 

CX stream: 
"03, 4 
" 9  4 

"03, 4 
"02, 4 
u, g / L  
Pu, mg/L 

BU stream: 
% TBP 

Ru-106 , pCi/L 
CS-134 , pCi/L 
CS-137 , pCi/L 

3126-27179 

40 

1610 

0.12 

10.9 

0.20 
1.52 

30 
0.03 
a 
57.5 
1.95 
a 
a 
a 

3/27/79 

39-4 1 

1610 

0.13 

9.4 

0.20 
1.52 

30 
<o .01 
a 
61 
0.64 
14.4 

<O .08 
<0.1 

31271 79 

38-39 

1610 

0.13 

8.8 

0.20 
1.52 

30 
0.01 
a 
69 
8.2 
9.5 

(0.1 
(0.2 

3127-28179 3/28/79 

40-41 39-40 

1610 1610 

0.13 0.13 

8.6 9.2 

0.20 
1.52 

30 
<o .01 

a 
68 
1.7 
7.6 

<O .05 
<0.1 

0.20 
1.52 

30 
<o .01 

a 
64 
1.3 
7.6 

<0.1 
<o .2 

3/29/79 

40 

1610 

0.14 

9.1 

0.20 
1.52 

30 
0.04 
0.010 
57 
100 
18.5 

<o .2 
<o .2 

31291 79 

42 

1610 

0.14 

9.2 

0.20 
1.52 

30 
0.05 
0.031 
59 
130 
16.4 

<0.1 
<o .2 

3130179 

40 

1610 

0.13 

9.5 

0.20 
1.52 

30 
0.05 
0.029 
62 
760 
10 

<O .08 
(0.1 

3130179 

42 

1 6 / 0  

0.14 

9.1 

m 
h) 0.20 

1.52 

30 
0.04 
0.029 
62 
1300 
24 

<O .5 
<O .8 



Table A-11 (continued) 

Run No. - 
2-1A 2-1B 2-lC 2-1D 2-1E 2-1F 2-1G 2-1H 2-15 

Out let stream compos i t ions 

CP stream: 
"03, M 
u ,  g/L- 
Pu, mg/L 
Ru-106, pCi/L 
CS-134, pCi/L 
(3-137, pCi/L 
Ce-144, p C i I L  
stream: 
u, g / L  
Pu, W/L, 
Ru-106, pCi/L 
(3-134, pCi/L 
CS-137, N i / L  

0.08 
13 
280 
a 
a 
a 
a 

55 
2 .o 
a 
a 
a 

0.06 
35 
11 
a 
a 
a 
a 

54 
0.25 
a 
a 
a 

0.11 
22 
100 
a 
a 
a 
a 

65 
0.081 
a 
a 
a 

0.09 
20 
11 
a 
a 
a 
a 

63 
0.13 
a 
a 
a 

0.08 
18 
9.8 
a 
a 
a 
a 

62 
0.079 
a 
a 
a 

0.52 
16 
1140 
16.2 

<O -3 
1.4 
a 

59 
0.37 
14.6 

<0.1 
<o .2 

0.47 
16 
1180 
30.3 
0.65 
2.4 
a 

55 
0.35 
13.5 

<0.1 
<o .2 

0.51 
17 
6800 
18.9 

<o .2 
<O .5 
a 

61 
1.1 
9.2 
(0.08 
<o. 1, 

0.55 
20 
8400 

<O .8 
<0.2 
<1 
8.1 

59 
1.2 
12.4 

<o .5 
<0.5 



Table A-12. Run 2-3 second-cycle tests - extraction/scrub bank conditions 
and results 

Run  No. 
2-3A 2-3B 2-3C 

Dates 5/29/79 

Bank temperature, OC 41-42 

Number of stages, 
scrub/int. scrub/extrac. 4/2/10 

AX flow rate, L/h 0.810 

Flow ratios: 
AS/AX 

AF/AX 
AIS/AX 

Inlet stream compositions 

As stream: 

AIX stream: 

AX stream: 

AF stream: 

"03, g 

"03, g 
% TBP 

"03, M 
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 

0.15 
0.10 
1.08 

0.80 

3 .O 

30 

3.2 
72 
6.5 
3.45 
0.30 
0.24 
0.88 
0.17 
0.050 

5/30/79 

42 

4 / 2 /  10 

0.781 

0.15 
0.11 
1.08 

0 .a0 

3 .O 

30 

3.2 
72 
6.5 
3.45 
0.30 
0.24 
0.88 
0.17 
0.050 

5/30-31/79 

40 

4/2/ 10 

0.816 

0.15 
0.075 
0.95 

0.80 

3 .O 

30 

3.2 
72 
6.5 
3.45 
0.30 
0.24 
0.88 
0.17 
0.050 



Table A-12 (continued) 

R u ~  NO. 
2-3A 2-3B 2-3C 

Out let stream compos I t  ions 

AW stream: 
"03, g 
u ,  mg/L 
Pu, mg/L 
Ru-106, mCi/L 
Sb-125, mCi/L 
(3-134, mCi/L 
Cs-137, mCi/L 
Ce-144, mCi/L 
Eu-154, mCi/L 

AP stream: 

"02, M 
"03, g 

u ,  g/L- 
Pu, g/L 

cs-134, pCi/L 
- cs-137, lICi/L 

Ru-106, pCi/L 

2.9 
0.69 
0.0076 
a 
0.39 
0.35 
1.22 
0.16 
0.054 

a 
0.0017 
65 
6.3 
24.3 
a 
a 

a 
0.60 
0.033 
3.51 
0.30 
0.27 
1.05 
0.22 
0.11 

0.05 
0.0020 
70 
6.3 
9.2 

<O .5 
<O .5 

a 
a 
0.010 
3.62 
0.27 
0.33 
1.19 
0.16 
0.065 

0.07 
0.0012 
62 
7.5 
10.8 
a 
a 

aNot measured. 



Table A-13. Run 2-3 second-cycle tests - strip bank conditions 
and results 

Run No. 
2-3A 2-3B 2-3C 

Dates 5/ 29/ 79 

Bank temperature, O C  41 

Number of stages: 
strip/scrub 13/3 

BX flow rate, L/h 0 -26 

Flow ratios: 
AP/ BX 
BS/BX 

Inlet stream compo sit ions 

BX stream: 
"03, M 
HAN, M- 

BS stream: 
x TBP 
"02, g 

AP stream: 
x TBP 

Pu, g/L 
Ru-106, uCi/L 
CS-134, pCi/L 
CS-137, pCi/L 

3.2 
1.2 

0.095 
0 -36 

30 -- 

30 
a 
0.0017 
65 
6.3 
24.3 
a 
a 

5 /  301 79 

42 

13/3 

0.25 

3.1 
1.2 

0.095 
0 -36 

30 
0 -080 

30 
0.05 
0.0020 
70 
6.3 
9.2 

<O .5 
<O a5 

5/29-30/79 

27 

1313 

0.26 

3.1 
1 e6 

0.. 13 

30 
0-47 

30 
0-07 
0.0012 
62 
7.5 
10.8 
a 
a 



Table A-13 (continued) 

Run No. 
2-3A 2-3B 2-3C 

Outlet stream comDositions 

BP stream: 
"03, 1 

u,  g/L 
Pu, g/L 
Pu(IV), % 

cs-134, IlCi/L 

"03, 2 
"02, 1 
u ,  g/L 
Pu, ' lDg/L 

Reducing, - N 

Ru-106, W / L  

CS-137, uCi/L 
BU stream: 

Ru-106, *i/L 
CS-134, g i / L  
CS-137, g i / L  
CS-144, g i / L  

0.51 
1.08 
0 -66 
21 
0.4 
a 
a 
a 

a 
a 
47 
0.5 
13 
0.32 
3.5 
a 

0.56 
0.42 
0.74 
20 
0.9 
8.1 
a 
1.1 

a 
-0.001 

52 
0.3 
a 
0.4 
a 
a 

0.67 

7.3 
20 
76 
10 .8 
0.35 

-- 

<1 

0.03 
0.026 
37 
10 
24 
a 

<O .8 
1.1 

aNot measured. 



Table A-14. Run 2-3 second-cycle tests - plutonium scavenging bank condi t ions  
and r e s u l t s  

Run NO. 
2-3A 2-3B 2-3C 

Dates 

Bank temperature,  O C  

5/29/79 

41 

5/30/79 

42 

5/30-3 1/79 

27 

Number of stages: 
s t r i p /  s c rub  

CX flow rate, L /h  

Flow r a t i o :  
BU/CX 

I n l e t  stream compositions 

CX stream: 

BU stream: 
x TBP 

u ,  g /L  
Pu, mg/L 
Ru-106, pCi/L 
CS-134, uCi/L 
CS-137, uCi/L 
Ce-144, pCi/L 

16/0 

0.12 

9.3 

0.19 
1.5 

30 
a 
a 
47 
0.5 
12.7 
a 
0.32 
3.5 

16/0 

0.13 

8.2 

0.19 
1.5 

30 
a 

-0.001 
50 
0.31 
a 
a 
a 
a 

16/0 

0.16 

7.6 

0.39 -- 

30 
0.03 
0.026 
37 
10 
24 
0.4 
a 
1.1 



Table A-14 (continued) 

Run No. 
2-3A 2-3B 2-3 C 

O u t  l e t  a t  ream comDos i t ion  s 

CP stream: 
"03, M 
u ,  g/L- 
Pu, mg/L 
Ru-106, pCi/L 
CS-134, pCi/L 
CS-137, pCi/L 
Ce-144, pCi/L 

CN stream: 
"03, 
"02, M 
u ,  g/L 
Pu, mg/L 
Ru-106, pCi/L 
CS-137, pCi/L 
CS-144, pCi/L 

a 
13 
0.30 
14.6 
0.46 
1.4 
1.5 

a 
a 
50 
0.27 
16.2 
0.49 
a 

0.05 
8.4 
0.30 
11.4 
0.43 
0.24 
2.4 

a 
a 
50 
a 
7 .O 
0.27 

<O .5 

0.42 
32 
30 
9.2 
0.22 
a 
1.4 

a 
0.01 
34 
0.031 
38 
a 
a 



Table A-15. Run 2-4 second-cycle tests - extraction/scrub bank conditions 
and results 

Run No. 
2-4B 2-4C 

Dates 

Bank temperature, O C  

Number of stages: 
scrublint. scrub/extraction 

AX flow rate, L/h 

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

Inlet st ream compositions 
AS stream: 

HAN. M 
m O 3 ,  E 

* -  

N2H4' !! 
AIX stream: 

" 0 3 ,  
AX stream: 

AF stream: 
x TBP 

"03, 

u,  g/L 
Reducing, - N 

Pu, g/L 
RU-106, pCi/L 
Ce-144, Wi/L 

6120179 

26-28 

21618 

0.36 

0.35 
0.16 
2.96 

0.09 
0.02  
0.01 

3 .O 

30 

1.2 
0.44 
46 
4.7 
180 
0.85  

6 / 2 2 / 7 9  

52 

21618 

0 -35 

0 .35  
0 .16  
2 .73  

0 -09 
0 .02  
0.01 

3 .O 

30 

1.3 
0 -35  
48 
4 . 6  
180 
0 . 8 8  



Table A-15 (continued) 

Run No. 
2-4B 2-4C 

Outlet stream comDositions 

U-Pu product (aqueous): 
"03, M 
u, g/L- 
Pu, mg/L 

cs-137, pCi/L 
Ru-106, pCI/L 

U product (organic): 
mo3, M 
u, g/L- 
pu, mg/L 

cs-137, pCi/L 
Ru-106, pCi/L 

1 .2  
14 
3 075 
a 
a 

<o .01 
62 
0 -43 
23 
a 

1 .3  
23 
4 . 3  
5.7 
0.19 

<o .01 
55 
0.62 
8 .2  

<o .2 

aNo t measured. 



Table A-16. Run 2-4 second-cycle t e s t s  - s tr ip  bank conditions 
and results  

Run No. 
2-4B 2-4 C 

6/21-22/79 6/22/79 Dates 

Bank temperature, O C  

Number of stages: 
strip/scrub 

BX flow rate,  L/h 

Flow ratios: 
AP/BX 

I n  l e t  s t r earn compositions 

BX stream: 

AP stream: 
"03, fi 
x TBP 
"03, M 
u ,  g/L- 
Pu, mg/L 
Ru-106, W i / L  
CS-137, W i / L  

51 

16/0 

0.36 

1 .ll 

0.012 

30 
<o .01 
62 
0.43 
23 
a 

50-5 1 

16/0 

0.35 

1.17 

0.012 

30 
<o .01 
55 
0.62 
8.2 

<o .2 



Table A-16 (continued) 

Run No. 
2-4B 2-4C 

Out l e t  stream compositions 

BP stream: 
"03, M 
u, g/L- 
Pu, mg/L 
Ru-106, pCi/L 
CS-134, pCi/L 
CS-137, uCi /L  
Ce-144, uCi /L  

BU stream: 
u ,  mg/L 
Pu, mg/L 
Ru-106, pCi/L 
CS-134, pCi/L 
CS-137, pCi /L  
Ce-144, pCi/L 

0.02 
69 

<o .55 
6.8 
a 
1.35 
2.43 

120 
0.002 
11.4 

<o .2 
<O .3 
<O .8 

0.02 
65 
0.22 
8.1 , 

0.49 
1.05 
a 

<0.1 
0.019 
11.9 
0.2 

<o .9 
a 

~~~~~~ 

aNot measured. 

w 
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