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ABSTRACT 

Experimental s t u d i e s  i n c l u d e d  i n  t h i s  r e p o r t  were conduc ted  f o r  t h e  
purpose of ob ta in ing  d a t a  s u p p o r t i n g  s a f e g u a r d s  programs . r e l a t e d  t o  
de te rmina t ion  of near real-time s o l u t e s  inventory i n  pulsed columns. 

Holdup t e s t s  on pulsed columns r e su l t ed  ' i n  an  e m p i r i c a l  e q u a t i o n  s u i t -  
a b l e  f o r  eva lua t ion  of t he  average d ispersed  phase ho ldup  i n  a  column. 
Mass-transfer t e s t s  on p i l o t - s c a l e  columns,  s i m u l a t i n g  t h e  HA and 1 C  
colu& coprocessing f lowsheet  condi t ions;  were performed o p e r a t i n g  bo th  
columns with the  aqueous phase cont inuous.  The aqueous  c o n t i n u o u s  HS 
column i s  e f f i c i e n t ,  has a lower  uranium i n v e n t o r y ,  and c o n s i d e r a b l y  
s h o r t e r  phase contac t  time than t h e  organic  continuous column. Concen- 
t r a t i o n  p r o f i l e .  and uranium inventory  da t a  were de t e rmined  d u r i n g  each  
run. The newly developed "mass r a t e  measurement"  t e c h n i q u e  hae  been 
t e s t e d  and proven s u i t a b l e  f o r  de te rmina t ion  of t h e  s o l u t e  ' s i n v e n t o r y  
i n  a  pulsed column. 
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1.0 INTRODUCTION 

Cons ide rab le  i n t e r e s t  h a s  been shown i n  r e c e n t  y e a r s  i n  d e v e l o p i n g  
r e l i a b l e  nuclear  m a t e r i a l s  accounting systems f o r  e n r i c h e d  uranium and 
plutonium i n  spent  r e a c t o r  f u e l  reprocessing p lan ts .  

With r e g a r d  t o  t h i s ,  t h e  Los Alamos S c i e n t i f i c  L a b o r a t o r y  (LASL) ,  ' 

~ a r n w e l l  Nuclear Fuel  P lan t  (BNFP) , and o ' ther  ' f a c i l i t i e s  . a r e  working 
i n t e n s i v e l y  i n  d e v e l o p i n g  advanced methods f o r  n u c l e a r  m a t e r i a l s  
measurement i n  reprocessing p l an t  s epa ra t ion  equipment ; ( 1 s  2 9  7, 8 ,  9 )  

The p i lo t - sca l e  work a t  t h e  BNFP, per formed under  t h e  Depar tment  of 
Energy  C o n t r a c t  (DE-AC09-78ET-35900,' Sub-Task  2 . 5 ) ,  c o m p r i s e s  
e x p e r i m e n t a l  s t u d i e s  s u p p o r t i n g  t h e  development  of t e c h n i q u e s  f o r  
s o l u t e s  inventory d e t e r m i n a t i o n  i n ' p u l s e d  columns used i n  t h e .  f i r s t  
process  cycle  ' (HS and 1C  columns), when operated wi th  the  aqueous phase  
continuous. The s t u d i e s  inc lude  experimental d e t e r m i n a t i o n  of uran ium 
concen t r a t ion  p r o f i l e ,  d i s p e r s e d  phase  ho ldup ,  and uranium i n v e n t o r y  
d a t a  i n  t e s t e d  columns. The newly deve loped  "mass r a t e  measurement"  
technique f o r  s o l u t e ' s  inventory de termina t ion  i n  s e p a r a t i o n  equipment  
was e l s o  employed successfu l ly .  

. . 



Fifty-two hydraul ic  t e s t s  performed on t h e  p i l o t - s c a l e  p u l s e d  columns 
v e r i f i e d  t he  e f f e c t  of ba s i c  hydrodynamic v a r i a b l e s  on t h e  d i s p e r s e d  
phase holdup (Xd) a s  g i v e n  i n  R e f e r e n c e  1.  I n  a d d i t i o n ,  t e s t s  have  
shown t h a t  the  d i spersed  phase s u p e r f i c i a l  v e l o c i t y  (Ud) a f f e c t s  more 
d i s t i n c t i v e l y  t h e  phase holdup i n  t h e  column a t  i t s  lower  v a l u e s  (Ud 
<5 cen t imeters / second)  than a t  h igher ,  even a t  a  flow r a t e  r a t i o  of one. 
Eva lua t ion  of experimental  holdup d a t a  r e s u l t e d  i n  a  modified e m p i r i c a l  
equa t ion  which takes  i n t o  cons ide ra t i on  the  above e f f e c t  . E x p e r i m e n t a l  
cond i t i ons  and a l l  r e s u l t a n t  'holdup d a t a  a r e  summarized i n  T a b l e s  4-1 
and 4-2. . . 

Three mass- t ransfer  t e s t s  were performed on t h e  p i l o t - p l a n t  equipment  
(us ing  n a t u r a l  uranium) s imula t ing  ' cond i t i ons  i n  t he  f i r s t  process  cyc le  
(HS and 1 C  column run c o n d i t i o n s ) .  The p i l o t - s c a l e  1A (EHS) column, 
used f o r  e x t r a c t i o n  and scrubbing,  was operated w i t h  t h e  aqueous  phase  
cont inuous i n s t ead  of t h e  organic  phase continuous. A l l  t h r e e  e x p e r i -  
ments have r e s u l t e d  i n  an e f f i c i e n t  e x t r a c t i o n  showing a n  u n d e t e c t a b l e  
amount of uranium i n  t he  1AW aqueous was t e  s t r eam.  The t o t a l  u ran ium 
inventory  i n  the  aqueous cont inuous 1A column has been determined t o  be  
about 3 5  t o  40% l o w e r  t h a n  i n  t h e  o r g a n i c  c o n t i n u o u s  column t e s t e d  
prev ious ly .  ('1 Run c o n d i t i o n s  a r e  shown i n  T a b l e  4-3. R e s u l t s  are 
d iscussed  i n  Sec t ion  4.0. 

The p i lo t -p l an t  mass- t ransfer  t e s t s  were d e s i g n e d  t o  o b t a i n  d e t a i l e d  
concen t r a t i on  p r o f i l e s ,  ope ra t i ona l  d i spersed  phase holdup, and uran ium 
inventory  i n  each t e s t e d  column. Concentrat ion p r o f i l e  d a t a  a r e  shown 
i n  Tables  4-4 through 4-6 and i n  F i g u r e s  4-6 t h r o u g h  4-1 1.  They a r e  
d i s c u s s e d  i n  S e c t i o n  4.3. . o p e r a t i o n a l  ho ldup  d a t a  a r e  i n c l u d e d  i n  
Tables  4-2 and 4-3. Uranium inventory  experimental  da t a  a r e  summarized 
i n  Table  4-9 and discussed i n  Sec t ion  4.4. 

P a r t i c u l a r  a t t e n t i o n  was paid t o  t h e  experimental  d e t e r m i n a t i o n  of t h e  
uranium inventory  i n  pulsed columns., which i s  comprehensively d i s c u s s e d  
i n  S e c t i o n s  3.2.3 and 4.4. The uran ium i n v e n t o r y  i n  t e s t e d  ' p u l s e d  
columns was determined through: 

( 1 )  volume and concen t r a t i on  measurement a t  the  end of t h e  run,  

( 2 )  c a l c u l a t i o n s  from e x p e r i m e n t a l  c o n c e n t r a t i o n  p r o f i l e  and ho ldup  
d a t a ,  and 

(3 )  u ran ium mass r a t e  measurement  i n  f e e d  and e f f l u e n t  s t r e a m s  i n  
short- t ime i n t e r v a l s ,  which is  a  new'method. 

Uranium inventory  r e s u l t a n t  d a t a  from a l l  t h r e e  t e c h n i q u e s  a r e  i n  good 
agreement a s  shown i n  Table 4-9. The mass r a t e  measurement  t e c h n i q u e  
f o r  s o l u t e ' s  inventory  de te rmina t ion  i n  a  pulsed column is  d e s c r i b e d  i n  
Sec t ion  3.2.3. Resul tan t  da t a  a r e  discussed i n  Sec t ions  4.4 and 5.0. 



3.0 EXPERIMENTAL 

3.1 Equipment Desc r ip t i on  . 

The p i l o t - s c a l e  experimental  equipment, c o n s i s t i n g  of t h r e e  g l a s s  pulsed 
columns and a n c i l l a r y  equipment such  a s  t a n k s  and pumps, ' i s  shown i n  
F igure  3-1. The 2-inch (5O,-millimeter) d i a m e t e r  1 A  d u a l  column,  used 
f o r . e x t r a c t i o n  and s c r u b b i n g ,  had a  work ing  e x t r a c t i o n  s e c t i o n  o f  
1 3  f , e e t  ( 3 . 9 6  m e t e r s )  and ( u p p e r )  s c r u b b i n g  s e c t i o n  o f  9 . 3  f e e t  
(2 .8  me te r s ) .  The 3-inch (75-mil l imete . r )  diameter  1BX column, used f o r  
s t r i p p i n g  had a  working s e c t i o n  of 17 f e e t  ( 5 . 2  meter';). Both of  t h e  
above columns operated with t h e  .aqueous phase  c o n t i n u o u s  d u r i n g  mass- 
t r a n s f e r  t e s t s . .  The 2-inch (50 -mi l l ime te r )  diameter  1BS column, w i t h  a  
working s e c t i o n  he igh t  of 18  f e e t ,  (approximately 5.5 ,meters )  and operat-  
i n g  wi th  t h e  aqueous phase cont inuous,  was used f o r  hold-up tests .  

A l l  t h r e e  columns were provided with s t a i n l e s s  s t e e l  nozz le  p l a t e s  of  a  
t h i c k n e s s  of  1116- inch  ( 1 . 6  m i l l i m e t e r s ) ,  h a v i n g  23% r e l a t i v e  f r e e  
s u r f a c e  a r e a ,  and 118-inch (3 .2 -mi l l ime te r )  o r i f i c e  d i a m e t e r .  I n  each  
co lumn,  t h e  n o z z l e  p l a t e s  w e r e  a s s e m b l e d  on  a  c e n t r a l  1 1 4 - i n c h  

. ( 6 - m i l l i m e t e r )  d i a m e t e r  s t a i n l e s s  s t e e l  t i e  r o d  o n  a  2 - i n c h  
( 5 0 l n i l l i m e t e r )  p l a t e  spacing.  Each column was p rov ided  w i t h  a  6 - inch  
( 1 5 0 - m i l l i m e t e r )  d i a m e t e r  t o p  and bo t tom d i s e n g a g i n g  s e c t i o n .  A 
b e l l o w s - t y p e  d i r e c t  p u l s e r  was a t t a c h e d  t o  t h e  b o t t o m  d i s e n g a g i n g  
s e c t  ion. To minimize t he  e f f e c t  of i n t e r f a c e  f l u c t u a t i o n  on r e s u l t  a n t  
d a t a ,  t h e  i n t e r f a c e  i n  each column was con t ro l l ed  manually dur ing  t e s t s .  

Columns were equipped wi th  s e v e r a l  samplers a t  d i f f e r e n t  l oca t ions  along 
. t h e  columns ' working s e c t  ion  a s  shown i n  F igure  3-2. 

A l l  feed and r ece iv ing  tanks ,  as  wel l  as  p repara tory  t anks ,  a r e  made of  
s t a i n l e s s  s t e e l .  The i r  o u t f i t  and s i z e  a r e  shown i n  F i g u r e  3-1. Feed 
flow r a t e  was c o n t r o l l e d  by c a l i b r a t e d  displacement pumps. 

.3.2 Procedure 

Experimental work on p i lo t -p l an t  pulsed columns i n c l u d e d  hydrodynamic 
and mass- t ransfer  t e s t s .  Hydrodynamic t e s t s  were made t o  d e f i n e  t h e  
e f f e c t  of  f l o w  c o n d i t i o n s  on t h e  d i s p e r s e d  phase  h o l d u p  w i t h i n  t h e  
column. Mass - t r ans fe r  t e s t s  were  e s s e n t i a l l y  made, t o  d e t e r m i n e  t h e  
e f f i c i e n c y  of t h e  1 A  d u a l  p r o c e s s  column ( e x t r a c t i o n  and s c r u b b i n g )  
ope ra t i ng  with t he  aqueous phase cont inuous,  which inc ludes  t h e  uran ium 
concen t r a t i on  p r o f i l e  measurement along t h e  column,  a s  w e l l  a s  d e t e r -  
mina t ion  of t he  uranium inventory  (mass holdup) w i t h i n , . t h e  column. Both 
t h e  uranium concent ra t  ion p r o f i l e  and inven . to ry  were a l s o  measured i n  
t h e  1BX s i n g l e  process column ( s t r i p p i n g ) .  

3 . 2 . 1  Dispersed Phase Holdup 

The d ispersed  phase holdup was determined through l i q u i d  volume measure- 
ments ' i n  t h e  column a t  t h e  end of each t e s t .  T h i s  t e c h n i q u e  in ' c ludes  



determina t ion  of t he  i n t e r f a c e  l o c a t i o n  p r i o r  t o  shutdown,  t h e n  s imul -  
t a n e o u s l y  s h u t t i n g  o f f  f e e d  and e f f l u e n t  l i n e s ,  s e p a r a t i o n  of b o t h  
phases and measurement. of l i q u i d  volumes w i t h i n  t h e  column. The d i s -  
persed phase holdup was determined by d i v i d i n g  t h e  measured volume of 
t h e  d i spersed  phase by t h e  t o t a l  l i q u i d  volume of t h e  column a c t i v e  
s e c t i o n .  Holdup va lues  were measured i n  t h e '  same manner a l s o  d u r i n g  
t h e  a c t u a l  mass- t ransfer  tests. 

For v e r i f i c a t i o n  of s e l e c t e d  r e s u l t a n t  d a t a ,  t h e  ho ldup  d e t e r m i n a t i o n  
technique ,based 6n weight recorder  read ings ,  shown i n  R e f e r e n c e  1,  was 
a l s o  used. Holdup t e s t s  were per formed a t  room t e m p e r a t u r e  w i t h  t h e  
l i q u i d  system 30% TBP - 0.1 M HN03. - 
Tes t  cond i t i ons  and r e s u l t a n t  holdup d a t a  a r e  shown i n  T a b l e s  4-1 and  
4-2, and i n  Figures  4-1 through 4-5. 

3.2.2 Mass-Transfer T e s t s  wi th  Aqueous Phase Continuous 

P i l o t - p l a n t  co ld  uran ium r u n s  ( u t i l i z i n g  n a t u r a l  u ran ium o n l y )  w e r e  
performed with t he  aqueous phase continuous i n  both t e s t e d  p i l o t - s c a l e  
columns s imula t ing  the  BNFP HS and 1 C  column process  condi t ions  when t h e  
HS column i s  operated a s  an ex t rac t ion-scrub  column. The e x p e r i m e n t a l  
work o b j e c t i v e s  were t o  d e t e r m i n e  ( a )  t h e  e f f i c i e n c y  of t h e  HS d u a l  
p rocess  column ope ra t i ng  wi th  t he  aqueous phase cont inuous,  ( b )  u r an ium 
concen t r a t i on  p r o f i l e  i n  each column, and ( c )  uranium i n v e n t o r y  w i t h i n  
t e s t e d  columns. 

The mass- t ransfer  e f f i c i e n c y ,  concen t r a t i on  p r o f i l e ,  and uranium inven-  
t o r y  a r e  discussed i n  Sec t ion  4.0. Concentrat ion p r o f i l e s  were based on 
chemical ana lyses  of s amples  drawn a t  e a c h  sample r  a l o n g  t h e  column 
dur ing  s t eady - s t a t e  opera t ion .  The method f o r  c a l c u l a t i o n  of concentra- 
t i o n  p r o f i l e s  i s  descr ibed i n  R e f e r e n c e  2 .  The methods f o r  chemica l  
ana lyses  a r e  shown i n  Reference 1 (Appendix A). 

Da ta  f o r  t h e  t h r ' e e  r u n s ,  s i m u l a t i n g  t h e  HS and 1C co lumn  p r o c e s s  
c o n d i t i o n s ,  a r e  shown i n  Table '  4-3. Operating condi t ions  and r e s u l t a n t  
d a t a  a r e  discussed i n  S e c t i o n  4.0. A l l  t es ts  were conducted .  a t  room 
tempera ture  (about 23OC). 

3.2.3 So lu t e s  Inventory (Accoun tab i l i t y )  

I n v e n t o r i e s  f o r  a c c o u n t a b i l i t y  of s o l u t e s  ( U ,  Pu, HN03, e t c . )  i n  a 
pulsed column a r e .  d i scussed  i n '  Reference 1. The s o l u t e s  i n v e n t o r y  can  
be b a s i c a l l y  determined through 

( a )  volume-concentration measurement a t  t he  end of t h e  run, 

( b )  concen t r a t i on  p r o f i l e s  i n  conjunc t ion  with ho ldup  d a t a  w i t h i n  t h e  
column, and 

( c )  empir ica l  equat ions.  . . 



I n  add i t i on ,  a  new method descr ibed below, which i s  based on f e e d  and 
e f f l u e n t  s t reams flow r a t e  and s o l u t e ' s  c o n c e n t r a t i o n  measurement i n  
s h o r t  time i n t e r v a l s ,  can  be used e f f e c t i v e l y  f o r  t h e  column i n v e n t o r y  
determinat ion.  Bas ica l ly ,  the t h e o r e t i c a l  background of t h e  method i s  
a s  fol lows:  . I 

(A) ' S o l u t e ' s  Inventory i n  a  Column 

The s i n g l e  a n d  d u a l  p r o c e s s  c o l u m n  a r e  shown s c h e m a t i c a l l y  i n  
F igures  3-3 and 3-4, r e s p e c t i v e l y .  The uranium (or  plutonium) inventory 
i s  considered i n  both columns. 

( 1 )  Assume condi t ions  as  shown in  Figure 3-5, i . e ,  

mf = vf . C f . - =  cons t an t ,  

mA + mg = VA CA + v o  C , =  @ ( t ) ,  

and the  combined e f f l u e n t  mass-rate (mA + mo) equals  zero a t  s t a r t -  
i n g  time t (o)  . 

The t o t a l  s o l u t e ' s  amount fed t o  t h e  column p e r  t i m e  t(,) i s  g i v e n  by 
t h e  su r f ace  a rea  below the  f e e d  m a s s - r a t e  c u r v e  (mf = c o n s t a n t )  f rom 
t ime t (,) t o  time t (,I. The t o t a l  amount of t h e  s o l u t e  c a r r i e d  away 
from the  column is given by the  su r f ace  a rea  below the  combined e f f l u e n t  
mass-rate curve from time t ( , )  t o  time t ( n ) .  The s o l u t e ' s  i n v e n t o r y  i n  
t h e  column [AM ( c o l )  t (n)]  i s  then given by t h e  d i f f e r e n c e  between t h e  
above two su r f ace  a reas .  This  can be expressed mathematically as:  



(2 )  Assume conditions as shown in Figure 3-6, i.e., 

and the combined effluent mass-rate (mA+ m equals zero at start- 
ing time t(,). 

0 

Analogously, the mathematical equation expressing the solute's inventory 
in the column as the difference between surface areas below both curves 
in Figure 3-6 has the form: 

! 3) ' Assume general conditions as shown in ~ i ~ u &  3-7, i. e., 

mA + mg = e(t), 

and the combined' effluent mass-rate mA + % f 0 at starting time 
(0) 

The equation expressing the solute's inventory change in a column in a . . 

time period of t(,,,) = t(,).- t(,) is then 



t t . .  
(n) . . . . .(n) 

'AM . = Jmf dt ' -  / (niA = mo) d t  
( ~ 0 1 )  

(n) t (0 )  t 
(0). 

Subst i tut ing  

Am = 'mf - ( m ~  + mo) 

= vf cf ' , -  (vA ' CA + Vo' ' c0) 

the  above equation obtains the form 



This  equat ion can be g e n e r a l l y  used f o r  c a l c u l a t i o n s  of  e i t h e r  ( a )  t h e  
s o l u t e ' s  inventory change wi th in  t h e  column due. t o  changes  i n  s t  r e a m s ,  
f l o w  r a t e ,  o r  c o n c e n t r a t i o n ,  o r  b o t h ,  o r  ( b )  t h e  t o t a l  s o l u t e ' s  
inventory  i n  t h e  column i f  s o l u t e  mass-rate of each s t r e a m  i s  f o l l o w e d  
from t h e  process  s t a r t u p .  

(B) T o t a l  S o l u t e ' s  I n v e n t o r y  From Both t h e  Dual  and S i n g l e  P r o c e s s  
Column 

Genera l ly ,  t h e  process  cyc le  c o n s i s t s  of a  dual  process  column f o r  
e x t r a c t i o n  and scrubbing,.  and a  s i n g l e  p r o c e s s  column f o r  s t r i p -  . . 
ping ,  ' as  shown in  F igure  3-8. 

It can be proven mathematical ly  t h a t  t h e  equa t ion  fo r  eva lua t ion  of 
t h e  t o t a l  s o l u t e ' s  inventory  from both.  columns w i l l  have t h e  form: 

S u b s t i t u t i n g  

t h e  equa t ion  is  then 



(C) To ta l  ~ o l u t e " ' s  I nven ' fo ry  i n  S e p a r a t i o n  Equipment  Cons . i s t  i n g  o f  
. . 

' . Seve ra l  Process  Cycles ~ , . 
. . 

Data which a r e  requi red .  for '  t h e  s o l u t e ' s .  inventory  de te rmina t ion  i n  
a  s e p a r a t i o n  equipment arrangement c o n s . i s t i n g  of  s e v e r a l  p r o c e s s  
cyc l e s  a r e  shown i n .  F igure  3-9. 

It can be proven analogously t h a t  t h e  e q u a t i o n  f o r  e v a l u a t i o n  of 
t h e  ' s o l u t e ' s  inventory  , [M&) ] i n  t h e  e n t  i r e  s e p a r a t i o n  equ ipmen t  

. .  . , arrangement' will have ' t h e .  form 
. . 

S u b s t i t u t i n g  

The above equa t ion  w i l l  be then 



Following the solute's mass rate'in the streams indicated in 
Figure, 3-9 from the process startup [during time period 't - 
t (,)I, the solute ' s inventory in entire separation equipment could 
be determined by one of the above equations. 

In equation. 7, 

A R .  AR 
c m A  = c vA .* CA = The sum of solute's mass-rate inwall 

final aqueous. receivers 'at sampling 
. (measuring) time (gramslminute) . 

I 

OR OR 

x m o  = C Yo CO = 'me sum of so1.ute1s mass-rate in all 
final organic receivers at sampling 
(measuring) time (gramslminute) . 

During experimental runs shown in this report, the uranium inven- 
' tory in pilot-scale pulsed columns was determined 

by use of .the volume-concentration measurement method, 

from concentration profiles and measured hold-up data, and 

through mass rate measurement method using the above equations 4 
and 6. 

Resultant data are summarized in Tables 4-7 through 4-9. 

In the above equations: 

v = Flow rate (liters/minute) 

C = Solute's concentration (grams/liter) 

m, m* = Solute's mass rate (gramslminute) 

Am, Am* = Solute's mass rate difference (gramslminute) 

t = Time (minute) 

At a Time interval (minute). 



Indexes : 

. . 
f = Feed 

. . 

A = Aqueous phase 

0 = Organic phase ' 

d = Dual column 

St = Stripping column '. 

-E =" Separation 'equipment 

AR = Aqueous receivers 

OR = Organic receivers. 
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(b) 
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SAMPLERS LOCATION OF THE 1A AND 1BX COLUMNS 
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SOLUTE'S MASS RATE VERSUS TIME 
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PROCESS CYCLE CONSISTING OF A DUAL AND SINGLE PROCESS COLUMN . 
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4.0 RESULTS AND DISCUSSION 

4 . 1  Dispersed Phase Holdup 

Run cond i t i ons  and experimental  holdup d a t a  obtained from a c t u a l  h o l d u p  
t e s t s ,  d e s c r i b e d  i n  S e c t i o n  3 . 2 . 1 ,  and a l s o  measured  d u r i n g  m a s s -  
t r a n s f e r  t e s t s  a r e  summarized i n  Tables  4-1 and 4-2. 

Fif ty- two d ispersed  phas,e holdup ( ~ d . 1  va lues  i n  t h e  t a b l e s  were  d e t e r -  
mined by volumetr ic  measurements a t  t h e  end of  e a c h  r u n .  T h i r t e e n  of  
t h e s e  va lues  were v e r i f i e d  by c a l c u l a t i o n s  based  on we igh t  r e c o r d e r  
c h a r t s  . 
A previous s tudy ,  which r e s u l t e d  i n  an e m p i r i c a l  e q u a t i o n  f o r  X 
c a l c u l a t i o n  of t h e  form 

has  shown t h a t  t h e  Xd va lue  i nc reases  with an i nc rease  i n  t h e  pu lse  f r e -  
quency (£1 ,  pu lse  amplitude (Ao), r a t i o  of t h e  d i s p e r s e d  t o  c o n t i n u o u s  
phase flow, and flow r a t e  of t h e  d i s p e r s e d  p h a s e  e n t e r i n g  t h e  p u l s e d  
column. The e f f e c t  of t h e  above v a r i a b l e s  on Xd was demonstrated a g a i n  
through t e s t s  included i n  t h i s  r e p o r t .  

Experimental d a t a  c o r r e l a t e d  wel l  with d a t a  ca l cu l a t ed  from E q u a t i o n  9 ,  
w i t h i n  t h e  t e s t e d  range, shown i n  Tables  4-1 and 4-2, and F i g u r e  4-4, 
a l though t h e  e q u a t i o n  d o e s  n o t  d e s c r i b e  t h e  e f f e c t  of  t h e  d i s p e r s e d  
phase flow r a t e  on Xd a t  a  flow r a t i o  of Uc/Ud= 1. For t h a t  r a t i o ,  i t  
t a k e s  i n t o  account an average Xd va lue  of t he  t e s t e d  flow r a t e  range. 

Experiments have shown a  q u i t e  r e c o g n i z a b l e  e f f e c t  o f  t h e  d i s p e r s e d  
phase flow r a t e  (o r  s u p e r f i c i a l  v e l o c i t y )  on t h e  h o l d u p  a t  a  r a t i o  of 
Uc /Ud  = 1, a s  shown i n  F igure  4-3. This  e f f e c t  is more d i s t i n c t i v e  a t  
lower d i spersed  phase  s u p e r f i c i a l  v e l o c i t i e s  ( u d  < 0 .5  c e n t i m e t e r s 1  
s e c o n d )  t h a n  a t  i t s  h i g h e r  v a l u e s .  The f i g u r e  i n d i c a t e s  a l s o  a n  
i n c r e a s e  i n  t h e  Xd va lue  w i t h  any i n c r e a s e  i n  p u l s e  f r e q u e n c y  a n d / o r  
pu l se  amplitude. 

I 

Figure  4-1 shows the  measured d ispersed  phase  h o l d u p  a s  a  f u n c t i o n  of  
t h e  d i spersed  phase s u p e r f i c i a l  v e l o c i t y  a t  r a t i o s  o f  U,/Ud = 0 . 3 3  and 
3.0, ope ra t i ng  t h e  column with t h e  organic  phase cont inuous.  F igure  4-2 
shows t h e  r e l a t i o n s h i p  between t h e  holdup (Xd) and s u p e r f i c i a l  v e l o c i t y  
(Ud) a t  a  flow r a t e  of U c / U d  = 0 . 3 3 , % o p e r a t i n g  t h e  t e s t e d  column w i t h  
t h e  aqueous phase cont inuous.  

Expe r imen ta l  h o l d u p  d a t a  i n  T a b l e s  4-1 and 4-2 w e r e . m a t h e m a t i c a l l y  
a n a l y z e d  atid e v a l u a t e d .  With r e s p e c t  t o  t h e  e f f e c t  o f  b o t h  t h e  
express ion  2fAo + A U d - c ,  which c a n  be c o n s i d e r e d  a s  t w i c e  t h e  p u l s e  
v e l o c i t y  i n  t h e  direction of t he  d i spe r sed  phase f l o w  i n  t h e  c o l u & ( l )  
( s e e  ~ i g u r e  4-41, and of t h e  s u p e r f i c i a l  v e l o c i t y  Ud on t h e  d i s p e r s e d  



phase holdup ( s e e  F igures  4-1 through 4-31, an  e m p i r i c a l  e q u a t i o n  was 
de r ived  i n  t he  form 

I n  t h i s  equa t ion  

Xd = d i spe r sed  phase holdup (%I, 

Ud = d i spe r sed  phase s u p e r f i c i a l  v e l o c i t y  ( cm~second)  , 

f  = pu l se  v e l o c i t y  ( l l s e c o n d )  , 

A, = Pu l se  amplitude (cm), and 

= Ud-Uc , i. e . ,  t h e  d i f f e r e n c e  between t h e  d i spersed  and continuous 
phase s u p e r f i c i a l  v e l o c i t i e s  (cmlsecond).  

F igu re  4-5 d e s c r i b e s  g r a p h i c a l l y  t h e  measured d ispersed  phase h o l d u p  Xd 
a s  a  func t ion  of t h e  express ion  udO l 1  ( 2 f ~ ~  + AU d-c)2*8 . S t a t i s t i c a l  
a n a l y s i s  i n d i c a t e s  an average unce r t a in ty  of 59% a round  t h e  f i x e d  l i n e  
i n  t h i s  f i g u r e .  

The equa t ion  (10)  t a k e s  i n t o  account t he  e f f e c t  of t h e  d i s p e r s e d  phase  
flow r a t e  on t h e  ~d va lue  ( a l s o )  a t  a  flow r a t i o  of  one  ( u , / u ~  = 1 . 0 ) .  
T h i s  c a n n o t  be  n e g l e c t e d ,  e s p e c i a l l y  a t  low d ' i s p e r s e d  phase  f l o w s  
(Ud <0.5 cen t imeters / second)  . 
Both equat ions (9  and 1 0 )  c a n  be  used  f o r  e s  t ' imat  i o n  of  t h e  a v e r a g e  
d i s p ' e r s e d  phase  h o l d u p  w i t h i n  t h e  p u l s e d  c o l u m n  o p e r a t  i n g  u n d e r  
condi t  i.ons shown i n  Tables  4-1 and 4-2. However, a t  s m a l l  f l o w  r a t e s  
and r a t i o  Uc/Ud = 1, t h e  e q u a t i o n  1 0  i s  more d e s c r i p t i v e  and p r e c i s e  
t han  e q u a t i o n  9 .  The h o l d u p  v a l u e ,  r e q u i r e d  Eor e v a l u a t i o n  of  t h e  
uranium inventory - i n  a  column from t h e  uranium concent ra t  ion  p r o f i l e  i n  
t h i s  r e p o r t ,  was c a l c u l a t e d  from equat ion  10.  

4.2 Dual Process  Column Operat ing wi th  t h e  Aqueous Phase Continuous 

During PUREX nuc lea r  f u e l  r ep roces s ing ,  t h e  so lven t  (TBP)  qua1  i t y  w i l l  
b e  d e g r a d e d  i f  i t  r e m a i n s  i n  c o n t a c t  w i t h  t h e  h i g h l y  r a d i o a c t i v e  
s o l u t i o n  of t h e  f i r s t  process  cyc l e  f o r  an ex t ens ive  per iod of t i m e .  ( 3 )  
The dua l  process  p u l s e d  column used  f o r  t h e  f i r s t  u ran ium-plu tonium 
c o e x t r a c t i o n  and s c r u b b i n g  c a n  o p e r a t e  e i t h e r . w i t h  t h e  o r g a n i c  o r  
aqueous phase cont inuous.  

The p l an t - s i ze  1A (zHS) column ope ra t i ng  wi th  t he  organic  phase c o n t i n -  
uous has  a  t o t a l  so lvent  (organic  phase) r e s idence  time of approximately 

' 23 t o  25 minutes ,  inc lud ing  the  time i n  t h e  column working s e c t i o n  above 
t h e  organic  phase i n l e t  and i n  t h e  t op  disengaging sec t ion .  The so lvent  
exposure t o  h igh  r a d i a t i o n  on t h e  i n t e r f a c e  i n  t h e  bo t tom d i s e n g a g i n g  
s e c t i o n ,  s e p a r a t i n g ' t h e  s o l v e n t  (TBP)  from t h e  h i g h l y  r a d i o a c t i v e  
aqueous waste con ta in ing  b e t a  e m i t t e r s ,  will l a s t  f o r  h o u r s ,  which may 



r e s u l t  i n  a  h i g h  TBP r a d i a t i o n  damage. The s o l v e n t  c o u l d  c o n t a i n  
unacceptable  q u a n t i t i e s  of r a d i o l y s i s  products  (MBP, DBP) r e s u l t i n g  i n  
h ighe r  l o s s e s s  of uranium, plutonium and so lven t ,  and i n  a  d e c r e a s e  of 
t h e  f i s s i o n  products  decontamination f a c t o r .  (3)  A s  c i t e d  i n  t h e  l i t e r a -  
t u r e ,  ( 4 ,  5)  t h e  d i s t r i b u t i o n  of uranium and plutonium i s  s i g n i f i c a n t l y  
a f f e c t e d  when the  TBP r a d i a t i o n  dosage  exceed,^ about  2.0 w a t t - h o u r  p e r  
l i t e r .  The . r a d i a t i o n  dosage a t  t he  bottom. i n t e r f a c e  of t h e  HS column 
could be expected t o  be about t h e  same order  of magn i tude ,  when r e p r o -  
ce s s ing  h ighly  ' i r r a d i a t e d  and s h o r t l y  cooled nuc lear  f u e l .  

To minimize so lvent  degrada t ion  due t o  the  above long  l a s t i n g  e x p o s u r e  
t o  h igh  r a d i a t i o n ,  i t  would r e q u i r e  e i t h e r  t o  r e d e s i g n  t h e  HS d u a l  

4 column bottom disengaging s e c t i o n ,  o r  t o  opera te  the  HS column w i t h  t h e  
aqueous phase cont inuous.  The second a l t e r n a t i v e  was expe r imen t  a1  l y  
t e s t e d  and i s  descr ibed i n  t h i s  r e p o r t .  

The p lan t - s ize  HS (g1A) dual  process  column o p e r a t i n g  w i t h  t h e  aqueous  
phase continuous would have an  o r g a n i c  r e s i d e n c e  t i m e  of a b  u t  8 t o  
9  minutes ,  inc lud ing  t h e  t i m e  i n  the  t o p  d i s e n g a g i n g  s e c t i o n .  q 3 )  The 
TBP exposure t o  r a d i a t i o n  on the  top i n t e r f a c e  i n  t h e  t o p  d i s e n g a g i n g  
s e c t i o n  w i l l  be n e g l i g i b l e  i n  c innparison ' to  t he  e x p o s u r e  i n  t h e  bo t tom 
disengaging s e c t i o n  when the  f i s s i o n  products  a r e  concentrated.  

Three experimental  runs ,  s imula t ing  the  p l a n t - s i z e  column pe r fo rmance  
when operated wi th  t he  aqueous phase cont inuous,  were per formed ' on t h e  
two-inch d i a m e t e r  1 A  d u a l  p r o c e s s  column i n  t h e  . p i l o t  p l a n t .  The 
1A column was used f o r  uranium e x t r a c t i o n  and s c r u b b i n g .  Subsequen t  
uranium s t r i p p i n g  was performed on the  three-inch d i a m e t e r  1  B X  column,  
s imu la t i ng  t h e  1C p lan t  column p r o c e s s .  Both t h e  1 A  and 1 B X  co lumns  
operated with t he  i n t e r f a c e ' . l o c a t e d  i n  t h e  t o p  d i s e n g a g i n g  s e c t i o n .  
Operat ing condi t ions  and run d a t a  a r e  presented i n  Table 4-3.. Resu l tan t  
d a t a  a r e  summarized i n  Tables  4-4 th rough 4-9 and  F i g u r e s  4-6 t h r o u g h  
4-17. 

A l l  t h r e e  r u n s  (HSA-1, HSA-2, and HSA-3) r e s u l t e d  i n  a n  e f f i c i e n t  
e x t r a c t i o n  i n  t h e  aqueous  c o n t i n u o u s  1 A  d u a l  p r o c e s s  co lumn  ( s e e  
Table  4-4 through 4-6), showing an u n d e t e c t a b l e  uran ium c o n c e n t r a t i o n  
(<0.01 gram u ran ium/ l i t e r )  i n  the  r a f f i n a t e  (1AW) stream. 

Comparing e x p e r i m e n t a l  r e s u l t s  of columns o p e r a t i n g  under  s i m i l a r .  
cond i t i ons  (F igure  4-61, uranium concen t r a t i on  i n  t h e  mid-section of t h e  
aqueous continuous column is a b o u t  17  t o  20% h i g h e r  t h a n  t h a t  of t h e  
o rgan ic  cont inuous co lumn . ( l )  The above  e x t r a c t i o n  pe r fo rmance  and 
h ighe r  concen t r a t i on  i n  t h e  column mid-section a r e  mainly caused by back 
mixing ( a x i a l  mix ing)  of t h e  c o n t i n u o u s  aqueous  p h a s e ,  which l o w e r s  
(somewhat) t h e  s o l u t e ' s  concen t r a t i on  i n  the column bottom sec t ion .  

Comparhg da ta  i n  Table  4-9 and Reference 1 ,  t h e  uranium i n v e n t o r y  i n  
t h e  aqueous continuous 1A dua l  process column i s  a b o u t  35  t o  40% l o w e r  
t h a n  i n  t h e  o r g a n i c  c o n t i n u o u s  column, due e s s e n t i a l l y  t o  t h e  l ow  
o rgan ic  (d i spe r sed )  phase holdup wi th in  t he  column (about 15 t o  25%). 



The organic  phase (30 v / o  TBP) r e s idence  t ime i n  t h e  column s e c t i o n  from 
t h e  o r g a n i c  b o t t o m  i n l e t  . t o  t h e  t o p  o u t l e t  ( o v e r f l o w )  i s  a b o u t  
6.5 minutes  (Run HSA-1) ope ra t i ng  the  1 A  column w i t h  t h e  aqueous  p h a s e  
cont inuous .  The organic  phase res idence  t ime i n  t h e  same s e c t i o n  of t he  
o rgan ic  continuous column ( l )  is  approximately 2.5 t imes longer  t h a n  t h e  
above v a l u e ,  n o t  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  r e l a t i v e l y  s t a g n a n t  
o rgan ic  l aye r  between t h e  bottom i n t e r f a c e  and organic  i n l e t .  

4 . 3  Concentrat  ion P r o f i l e  

S o l u t e s  (uranium and n i t r i c  a c i d )  concen t r a t i on  along t h e  pu l sed  column . 
was d e t e r m i n e d  t h r o u g h  s a m p l i n g  a s  shown i n  S e c t i o n ,  3 . 2 . 2  a n d  
Reference 1. R e s u l t a n t  c o n c e n t r a t i o n  p r o f i l e  d a t a  f o r  e a c h  r u n  a r e  
summarized i n  T a b l e s  4-4 t h r o u g h  4-6 and p r e s e n t e d  i n  F i g u r e s  4-6 
through 4-11. ,._ 

During experimental  runs ,  HSA-1 through HSA-3, t h e  flow r a t e  of a l l  feed 
s t reams was changed a s .  shown i n  Table 4-3. The i n t e n t i o n  was t o  main- 
t a i n  t h e  same flow r a t e  r a t i o  i n  each process  s e c t  n  duri .ng t h e  above  
runs  s imu la t i ng  t h e  HS and 1 C  column c o n d i t i o n s .  (k3 The e x p e r i m e n t a l  
f low r a t e  r a t i o  i n  t h e  1 A  column, however, va r i ed  w i th in  t h e  e x t r a c t i o n  
s e c t i o n  from O/A = 2 . 3  t o  2 . 7 ,  and i n  t h e  sc rubbing  s e c t i o n  from O / A  = 
6.9 t o  8 .0 .  The flow r a t i o  i n  t h e  1BX s t r i p p i n g  column v a r i e d  w i t h i n  a  
range of O/A = 0.66 t o  0 .90.  

F igure  4-6 shows t h e  experimental  uranium c o n c e n t r a t i o n  p r o f i l e  a l o n g  
t h e  1 A  d u a l  p roces s  column,  i n  b o t h  t h e  aqueous  and o r g a n i c  p h a s e s ,  
ob t a ined  d u r i n g  Run HSA-1. I n  t h i s  , f i g u r e ,  c o n c e n t  r a t  i o n  p r o f i l e s  
ob ta ined  along t h e  aqueous c o n t i n u o u s  column a r e  compared w i t h  t h o s e  
determined along t h e  organic  c o n t i n u o u s  column(1) o p e r a t  ing  a p p r o x i -  
mately under t h e  same c o n d i t i o n s .  A s  shown i n  t h e  d i ag ram,  uran ium 
concen t r a t i on  i n  t h e  organic  phase  a round  t h e  aqueous  s o l u t i o n  ( ~ A F )  
c e n t r a l  i n l e t  is  about 20% h ighe r  when the  1 A  column o p e r a t e s  w i t h  t h e  
aqueous phase cont inuous . About t he  same percentage i nc rease  i n  uranium 
concen t r a t i on  i s  shown a l s o  i n  t h e  aqueous phase. 

F igu re s  4-8 and 4-10 p re sen t  uranium concen t r a t i on  p r o f i l e s  along t h e  1 A  
column during Runs HSA-2 and HSA-3, r e s p e c t i v e l y ,  s i m u l a t i n g  t h e  HS 
column c o n d i t i o n s .  ( 6 )  D a t a  from s i m i l a r ,  c o m p a r a t i v e  r u n s  on  t h e  
column, ope ra t i ng  wi th  t h e  organic  phase cont inuous and under  t h e  same 
flow cond i t i ons ,  a r e  not  a v a i l a b l e .  

F igu re s  4-7, 4-9, and 4-11 show uranium concen t r a t i on  p r o f i l e s  along t h e  
1BX column dur ing  Runs HSA-1, HSA-2, .and HSA-3, r e s p e c t i v e l y ,  s imula t ing  
t h e  1 C  column cond i t i ons .  ( 6 )  The concen t r a t i on  p r o f i l e s  a r e  comparable  
w i t h  t h o s e  o b t a i n e d  p r e v i o u s l y  d u r i n g  Runs  HS-4 t h r o u g h  HS-6 i n  
Reference 1. 

A l l  t h e  above concent ra t  ion p r o f i l e s  were used f o r  determinat  i o n  of  t h e  
u ran ium i n v e n t o r y  i n  t h e  c o r r e s p o n d i n g  c o l u m n ,  a s  i n d i c a t e d  i n  
S e c t i o n  3.2.3 and descr ibed  i n  Reference 1 .  



4.4 Uranium Inventorv  i n  pulsed Columns 

The uranium inventory ,  i . e . ,  i t s  h o l d u p  w i t h i n  t h e  p u l s e d  column was 
determined through methods shown i n  Sec t  i o n  3 . 2 . 3 .  Both t h e  "Volume- 
Concentrat  ion Measurement'! and "Concent r a t  ion  Prof i le-Ho ldup"  inet hod s ,  
descr ibed  a l s o  i n  R e f e r e n c e  1 ,  were  a p p l i e d  f o r  e a c h  t e s t .  The new 

. "Mass Rate ~ e a s u r e m e n t "  method f o r  e v a l u a t i o n  o f .  t h e  s o l u t e ' s  column 
: inventory  was used dur ing  Runs HSA-1 and HSA-3. Resul tan t  d a t a  from a l l  

t h r e e  methods a r e  comparable as' shown i n  Table  4-9. 

For s o l u t e ' s  inventory  de te rmina t ion  through t h e  "Mass Rate Measurement" 
method, diagrams showing t h e  "mas's r a t e  v e r s u s  time", r e l a t i o n s h i p  i n  
t e s t e d  columns were determined exper imenta l ly  ( s e e  F igures  4-12 t h r o u g h  
4-15). Uranium feed r a t e  (mf)  i s  c o n s t a n t  i n  e a c h  d i ag ram.  Uranium 
mass r a t e :  i n  t h e  combined e f f l u e n t  s t reams (mo + mA) inc reases  with time 
( t )  up t o  t h e  po in t  when t h e  ope ra t i ona l  s t eady  s t a t e  is reached. Af t e r  
t h a t  po in t ,  i t s  va lue  is  cons t an t .  This  curve was determined by t a k i n g  
p e r i o d i c a l l y  t h e  e f f l u e n t  s t r e a m  samples  ( i n  20-minute  i n t e r v a l s ) ,  
s t a r t i n g  from t h e  moment when t h e  aqueous f e e d  ( ~ A F )  t o  t h e  1 A  column 
was turned on, and ending when t h e ' s t e a d y  s t a t e  was r e a c h e d  ( i n  a b o u t  
100 t o  120 minutes ) .  Samples were analyzed f o r  uranium and n i t r i c  a c i d  
concen t r a t i on  and t h e  corresponding uranium e f f l u e n t  m a s s - r a t e  v a l u e s ,  
c a l c u l a t e d  from flow r a t e  and concen t r a t i on  d a t a ,  were t h e n  p l o t t e d  i n  
t h e  diagram i n  Figures  4-12 througli 4-15. Using Lagrange  ( s e m i g r a p h i -  
c a l )  i n t e r p o l a t i o n  method, curves  expressing t h e  change i n  t h e  uran ium 
e f f l u e n t  mass r a t e  (mA + mo) wi th  t ime were  ' d e t e r m i n e d  and p l o t t e d  i n  
t h e  above f i g u r e s .  

F i g u r e s  4-12 and 4-14 show t h e  u ran ium f e e d  mass r a t e  c u r v e  (mf = 
c o n s t a n t )  and e f f l u e n t  mass r a t e  curve [mA + mo = Y ( t )  ]  d e t e r m i n e d  i n  
t h e  1 A  d u a l  process  column dur ing  Runs HSA-1 and HSA-3, r e s p e c t i v e l y .  
Using equa t ion  4 ,  t h e  uranium i n v e n t o r y  was c a l c u l a t e d  s t  a r t  i n g  from 
t ime zero (01, when t h e  1AF aqueous feed was tu rned  on ,  up t o  t h e  t i m e  
when t h e  1A column operated under s t e a d y - s t a t e  c o n d i t i o n s .  The t o t a l  
uranium inventory  i n  t h e  1 A  column is given i n  t h e  above f i g u r e s  by  t h e  
s i z e  of t h e  su r f ace  a r ea  enclosed between both curves [mf = cons tan t  and 
m~ + mo = Y ( t ) ]  and o r d i n a t e  ( v e r t i c a l  a x i s ) .  I t s  v a l u e  i n  t h e  1A 
column was a t  about AM(1A) = 640 grams of uranium dur ing  Run HSA-1, and 

AM ( 1A) = 670 grams of uranium dur ing  Run HSA-3. 

F igu re s  4-13 and 4-15 p re sen t  both experimental  uranium mass r a t e  curves  
[ i . e . ,  mf = cons t an t  and mA + % = ~ ( t ) ]  r e q u i r e d  f o r  c a l c u l a t i o n s  of  
t h e  uranium inventory i n  t h e  process  cyc l e  c o n s i s t i n g  of t h e  1 A  and 1 B X  
columns dur ing  Runs HSA-1 and HSA-3, r e s p e c t i v e l y .  Us ing  e q u a t i o n  6 ,  
the  uranium inventory was ca l cu l a t ed  s t a r t i n g  from t i m e  z e r o  ( 0 1 ,  when 
t h e  1AF aqueous  f e e d  t o  t h e  1 A  c o l u m n  was  t u r n e d  o n ,  u p  t o  t h e  
o p e r a t i o n a l  s t eady - s t a t e  time i n  t h e  e n t i r e  c y c l e .  The t o t a l  u ran ium 
inventory  i n  both columns of t he  process  cyc le  is expressed g r a p h i c a l l y  
by t h e  su r f ace  a r e a  enclosed between curves mf = cons tan t  and m A  + m o  = 
p ( t ) ,  and o r d i n a t e .  The va lue  of t h e  t o t a l  u ran ium i n v e n t o r y  i n  b o t h  
columns was about A M  

(1, & 1,) 
= 16 70 grams of uranium dur ing  Run HSA- 1 

and about 1580 grams o uranlum dur ing  Run HSA-3. 



The uranium i n v e n t o r y  i n  t h e  1 B X  s t r i p p i n g  column wa's d e t e r m i n e d  by 
s u b t r a c t i n g  the  1 A  column inventory  v a l u e  from t h e  t o t a l  i n v e n t o r y  i n  
t h e  process  cyc le .  

A l l  c a l c u l a t e d  i n v e n t o r y  d a t a  f o r  Runs HSA-1 and HSA-3 a r e  shown i n  
Tables  4-7 and 4-8, r e s p e c t i v e l y .  By p l o t t i n g  these  d a t a  i n  t h e  diagram 
i n  F igures  4-16 and 4-17, curves  were o b t a i n e d  d e s c r i b i n g  g r a p h i c a l l y  
t h e  i n c r e a s e  o f  t h e  uran ium i n v e n t o r y  w i t h  t i m e  i n  b o t h  c o l u m n s  
( s e p a r a t e l y ) ,  a s  w e l l  a s  i n  t h e  e n t i r e  c y c l e  d u r i n g  Runs HSA-1 and 
HSA-3, r e s p e c t i v e l y .  The above  f i g u r e s  i n d i c a t e  t h a t  the 1 A  column 
opera ted  under s t eady - s t a t e  cond i t i ons  i n  abou t  95  m i n u t e s  d u r i n g  Run 
HSA-1, and i n  about 80 minutes  d u r i n g  Run HSA-3. I n  b o t h  c a s e s ,  t h e  
o p e r a t i o n a l  s teady  s t a t e  of t h e  1BX column (and  e n t i r e  p r o c e s s  c y c l e )  
was achieved i n  about 20 minutes  a f t e r  t h e  1A column s t a r t e d  t o  o p e r a t e  
s t e a d i l y .  

A l l  measured and c a l c u l a t e d  , t o t a l  u ran ium i n v e n t o r y  d a t a  i n  t e s t e d  
columns a r e  summarized i n  Table  4-9. The uran ium i n v e n t o r y  v a l u e s  i n  
t h e  1 A  ( ~ H s )  column,  d e t e r m i n e d  by u s i n g  t h e  above  t h r e e  m e t h o d s ,  
c o r r e l a t e  wel l  with d a t a  ob ta ined  from t h e  der ived equa t ion .  

- - 

The equa t ion  is s i m i l a r  t o  t h a t  presented i n  Reference  1 which  a p p l i e s  
t o  t h e  HS column ope ra t i ng  with t h e  organic  phase cont inuous,  e x c e p t  of  
t h e  lower c o e f f i c i e n t  v a l u e  ( o f  0 . 2 8 ) .  The above  u n c e r t a i n t i e s  of  
equa t ion  9  i n d i c a t e  t h e  d i f f e r e n c e  between the  c a l c u l a t e d  and measured  
v a l u e  of  t h e  uran ium i n v e n t o r y  i n  t h e  HS column o p e r a t e d  w i t h  , t h e  
aqueous phase cont inuous.  

The 1 A  (ZHS) column uranium inventory  d a t a  .in Table 4-9 a r e  a b o u t  3 5  t o  
40% lower than d a t a  shown i n  Reference 1 f o r  t he  column o p e r a t i n g  w i t h  
t h e  organic  phase c o n t i n u o u s .  The 1 C  s t r i p p i n g  column (1BX column)  
i nven to ry  da ta  i n  t he  t a b l e  ,are about '  t he  same a s  i n  Reference 1 .  They 
c o r r e l a t e  w e i l  wi th  da t a  ca l cu l a t ed  by use of equat ions1)  

"S t  



TABLE 4-1 

DISPERSED PHASE HOLDUP TEST DATA. ORGANIC PHASE CONTINUOUS 

Superficial 

'J c 
(nuo) 

(cmlsec) 

0.30 

0.43 

0.56 

0.22 

0.28 

0.35 

0.66 

0.85 

1.05 

Plow Ratio 
uc/ud 

1 .O 

1 .O 

1 .O 

0.33 

0.33 

0.33 

3.0 

3 -0 

3.0 

Velocity 

'J d 
( =UA) 
(crnlsec) 

0.30 

- 0.43 

0.56 

0.65 

0.85 

1.04 

0.22 

0.28 

0.35 

Velocity 
Difference 

(nud - U ) 
(cmlsecf 

0 .O 

0.0 

0.0 

0.43 

0.57 

0.69 

-0.43 

-0.57 

-0.70 

- 

Pulse 
Frequency 

f 
(llmin) 

65 
75 
85 

5 5 
6 5 
7 5 
8 5 

5 5 
65 
7 5 
85 

5 5 
65 
75 

5 5 
6 5 
75 

5 5 
65 

5 5 
65 
7 5 

55 
6 5 
7 5 

55 
65 
7 5 

Pulse 
Amplitude 

A~ 
(cm) 

1.8 

1.8 

1.8 

2.0 

2 .O 

2.0 

2.0 

2 -0 

2.0 

Pulse 
Velocity 
f x A. 
(cmlsec). 

1.95 
2.25 
2.55 

1.65 
1.95 
2.25 
2.25 

1.65 
1.95 
2.25 
2.55 

1.83 
2.17 
2.50 

1.83 
2.17 
2.50 

1.83 
2.17 

1.83 
2.17 
2.50 

1.83 
2.17 

- 2.50 

1.83 
2.17 
2.50 

Calculated 
(Equation 7) 

8.3 
12.4 
17.7 

5.2 
8.3 
12.4 
17.7 

5.2 
8.3 
12.4 
17.7 

9.6 
14.7 
21.1 

10.5 
15.8 
22.6 

11.4 
17.0 

5.0 
8.3 ' 

13 .O 

4.5 
7.6 
11.9 

4.0 
6.9 
11 .o 

, 

Experimental 

-7 .O 
11.0 
15.9 

-6.0 
8 .O 
12.0 
18.3 

-6.6 
9.4 
13.0 
19.0 

-10.4 
14.2 
20.7 

-10.9 
16:O 
22.0 

-13.0 
18 .O 

-5.8 
7.2 
10.6 . 

-6 .O 
8.0 
12.5 

-5.1 
8.2 
12.0 

Dispersed 

From 
W. R. 
Readings 

-- 
13.0 -- 
-- 
-- 
13.0 -- 
-- 
-- 
13.5 -- 
-- -- 
-- 
- -- 
-- 
- 
- 
-- 
8.5 -- 
- 
8.5 - 
- 
8 .O -- 

Phase Holdup: 
Xd (%I  

Calculated 
(Equation 8) 

7.9 
11.8 
16.8 

5.1 
8.2 
12.3 
17.5 

5.3 
8.5 
12.7 
18.0 

9.9 
15.2 
21.8 

11.1 
16.8 
24.0 

12.3 
18.5 

4.5 
7.7 
11.9 

4.1 
7.2 
11.3 

3.7 
6.7 
10.6 



TABLE 4-2 

DISPERSED PHASE HOLDUP TEST DATA. AOUEOUS PHASE CONTINUOUS 

------ 
*Holdup measured during mass-transfer tests in the stripping column. 

Velocity 
Difference 

A"d-c 
(=ud - U ) 
(cm/sec? . 

0 .O 

- 
0 .O 

0.0 

0.52 

-----. 
0.79 

1.04 

-0.52 

-0.78 

-0.1 
-0.04 
-0.12 

Flow Ratio 

Uc/Ud 

1 . 0 .  . 

-- 
1 .O 

1.0 

0.33 

. . 

0.33 

0.33 

3.0 

3 .O 

1.23 
1.10 
1.50 

- 
Superficial 

"c 
( =U* 1 

(cm/sec) 

0.52 

, 

0.78 

1.04 

0.26 

0.39 

- 
0.52 

0.78 

1.17 

*O .526 
40.426 

, *0.357 

Pulse 
Frequency 

f 
( 1 /min) 

55 
6 5 
75 
8 5 

55 
6 5 
75 

55 
65 

45 
55 
65 .--- 
45 
55 

4 5 
55 

5 5 
65 
7 5 

5 5 

,- 
6 5 

60 
60 
60 

Velocity 

Ud 
( =Uo 1 

(cm/sec) 

0.52 

-- 
' 0.78 

. 1.04 

0.78 ' 

1.18 

1.56 

0.26 

0.39 

0.426 
0.386 
0.237 

Pulse 
Amplitude 

A0 
(cm) 

2.2 

2.2 

2.2 

2.4 

-- 
2.4 

- 
2.4 

2.2 

2.4 

2.3 
2.3 
2.3 

Pulse 
Velocity 

x A g  - (cm/sec) ' 

2.02 
2.38 
2 .7.5 
3.12 

2.02 
2.38 
2.75 

2.02 
2.38 

1.80 
2.20 
2.60 

'1.80 
2.20 

.1.80 
2.20 

2.02 
2.38 
2.75 

2.20 
2.60 

2.3 
2.3 
2.3 

Dispersed Phase ~ o i d u ~ :  

Calculated 
(Equation 9) 

9.2 
14.7 
21.9 
31  .O 

9.2 
14.7 
21.9 

9.2 
14.7 

9.8 
16.0 
24.4 -. 
11.6 
18.5 

13.6 
21.2 

6.3 
10.6 
16.1 

6.8 . 
-- 11.9 - 

11.5 
13.3 
12.3 

Xd ( % I  

calculated , 

(Equation 10) 

9.2 
14.7 . 
22.0 
31.2 ----- 

9.6 
15.4 
23 .O 

9.9 
15.8 

10.3 
16.9 
25.7 

12.7 
20.3 

15.4 
24.1 

5.8 
9.9 

15.4 

6.6 
11.6 

12.4 
14.2 
11.4 

Experimental 

-10.0 
14.0 
21.1 
32 .O 

-10.3 
15.2 
22.8 

-10.9 
16.5 

-10.5 
17 .O 
25.6 

-13.0 
21 .O 

-14.0 
23 .O 

-5.6 
9 .O 

17.0 - 

-7 .5 
10.2 

-13.3 
14.6 
12.8 

From - 
W. R. 
Readings ' 

-- 
13.5 -- 
-- 
-- 
14.0 -- 
-- 
16.0 

-- -- 
-- 
-- -- 
-- -- 
-- 

9.5 -- 
-- 

9 . 5  

-13.0 
14.0 -- 



i TABLE 4-3 

RUN CONDITIONS AND DATA 
(~uns : HSA- 1, HSA-2, and HSA-3) 

. . - ". - 

NOTE: Holdup 'values, in parentheses were calculated from equation 10. ' - 

Concentration Flow . -  .. U IrNo 3 Run 
Column Stream Phase (g/l) (MI HSA- 1 

HSS A - 0.0 3.04 150 
 AS) 

HS Column HSF A 271.4 2.66 290 
(1A Column) (~AF) 

H SX 0 0.0 0.0 1110 
(1AX) 

1C Column 1 CX A 0.0 0.0 1380 
(IBX Column) ( ~BX) 

56 Pulse.Frequency: (c/min) 
Pulse Amplitude: (cm) -2.1 

HS Column Dispersed Scrubbing (15.8) 
(1A Column) Phase - Extraction (13.6) 

Holdup: (%) Average 
(Scrub & Extr) -15.6 

Rate: 
Run 
HSA-2 

125 

240 

1000 

1100 

70 
2.1 

(25.5) 
(22.9) 

-23.5 
6 0 
2.3- 

-14.6 

-23 
w 

HS & 1C Columns 

(ml/min) 
Run 
HSA-3 

90 

175 

620 

940 

80 
2.1 

(29.1) 
(27.1) 

-28.2 
6 0 
2.3 

,-12.8 

-23 

Pulse Frequency: (clmin) 
Pulse Amplitude: (cm) 
Dispersed Phase 
Holdup: (%) 
Temperature: ('C) 

6 0 
-2.3 
-13.3 

-23 



TABLE 4-4 

I 
CONCENTRATION PROFILE DATA 

1 ( ~ u n :  HSA-1) 

Sample 

End Stream 

A- 1 

A- 2 

A- 3 

A- 4 

A- 5 

A- 6 

A- 7 

A- 8 

A- 9 

A- 10 

A-11 

End Stream 

Sample 

End Stream 

B- 1 

B- 2 

B- 3 

B-4 

B- 5 

B- 6 

B- 7 

End Stream 

Organic 
U 

( g l l )  

( ~ c w )  
<0.01 

<0.01 

- - 

- - 

14.9 
15.6 

42.8 
43.6 

59.7  
60.4 

69.0 

(HSP) 
69.04 

HS 
Aqueous 
U 

( g l l )  

(HSS) 
0 .O 

-8.0 

- - 

20.6 

- - 

23.9 
24.3 

22.3 
22.7 

19.6 
20.5 

-- 

1.84 

- - 

0.014 

(HSW) 
<0.01 

1 C  Column 
Organic 

U 
( g l l )  

(HSP) 
-69.04 

69.6 

- - 

77.9 
* 78.7 

-- 

91.5 
91.9 

91.1 
91.6 

75.4 
72.3 

- - 

8.6 

- - 

0.08 

(HSX) 
0.0 

HNO 3 
(MI 

( ~ c w )  
<0.001 

<0.001 

- - 

- - 

0.003 

0.02 

0.07 

0.17 

(HSP) 
0.22 

Column 

HNO 3 
(MI 

(HSS) 
3.04 

2.99 

- - 

3.06 

- - 

3.3 

3.4 

3.44 

- - 

3.46 

- - 

2.60 

(HSW) 
2.20 

Aqueous 
U 

( g l l )  

( 1 ~ x 1  
0.0 

<0.01 

- - 

- - 

16.7 
17.3 

36.3 
36.9 

50.1 
50.3 

56.0 

( ~ c u )  
-56.2 

HNO 3 
(MI 

(HSP) 
-0.22 

0.21 

-- 

0.23 

- - 

0.26 

0.27 

0.4 

- - 

0.60 

- - 

0.37 

(HSX) 
0 .o 

. HN0 3 
(MI 

( 1 ~ x 1  
0.0 

<0.01 

- - 

-- 

0.03 

0.06 

0.11 

0.20 

( ~ c u )  
0.20 



TABLE 4-5 

CONCENTRATION. PROFILE DATA 
(Run: HSA-2) 

HS Column 1 C  Column - 
Aqueous Organic Aqueous Organic - 
u H N O ~  u H N O ~  u H N O ~  u HNO 3 

Sample ( g / l )  (MI . 1 '(MI Sample ( g / l )  (MI ( g / l )  (MI 

End Stream (HSS) (HSS) (HSP) (HSP) End Stream ( 1 ~ x 1  ( 1 ~ x 1  ( ~ c w )  ( ~ c w )  
0.0 3.04 -63.0 0.23 0.0 0.0 <0.01 <0.001 

A- 1 -7.6 2.99 65.1 0.22 B- 1 <0.01 <0.01 <0.01 <0.001 
., . 

A- 2 - - - - - - - - - - - - -- - - B- 2 

A- 3 18.2 3.1 75.2 0.21 B- 3 - - - - -- - - 
19.1 76.8 + 

A-4 - - - - -- -- B- 4 19.2 0.01 20.1 0.0 16 
- 19.8 20.4 

A- 5 19.4 3.28 79.2 0.23 B- 5 37.5 0.02 43.1 0.023 
20.2 79.9 37.9 43.8 

A- 6 19.1 3.30 79.0 0.25 B- 6 50.1 0.09 58.6 0.04 
19.9 79.8 50.7 58.3 

A- 7 13.5 3.45 50.4 0.36 B- 7 57.0 0.19 62.8 0.12 ' 54.7 57.3 

A- 8 -- - - -- - - End Stream ( ~ C U )  ( ~ c u )  (HSP) (HSP) 
57.4 0.208 63.0 0.23 

A- 9 0.4 3.4 2.1 0.53 

I 

k 1 0  - - - - - - - - , 



TABLE 4-6 

CONCENTRATION PROFILE DATA 
( ~ u n :  HSA-3) 

- 

Sample 

End Stream 

- 
A-1 , 

A- 2 

A- 3 

A- 4 

A- 5 

?- 

A- 6 

A- 7 

A- 8 

A- 9 

A-10 

A-11 

End Stream 

, Sample 

End Stream 

B- 1 

B- 2 

8- 3 

B- 4 

B- 5 

B- 6 

B- 7 

Ends t r eam 

HS 
Aqueous 
U 

( g l l )  

(HSS) 
0.0 

-8.4 

- - 

18.1 

- - 

19.5 
20.4 

19.4 
18.3 

12.2 

- - 

0.30 

- - 

<0.01 

(HSW) 
<0.01 

Column 

HNO 3 
(MI 

(HSS) 
3.04 

2.94 

- - 

3.12 

- - 

3.29 

3.31 

3.50 

- - 

3.51 

-- 

2.61 

(HSW) 
2.21 

Organic 
U 

( g l l )  

(HSP) 
-75.0 

76.2 

-- 

79.2 
79.8 

- - 

82.0 
82.4 

80.7 
81.4 

52.1 
59.3 

- - 

1.14 

-- 

<0.01 

(HSX) 
0.0 

HNO 3 
(MI 

(HSP) 
-0.24 

0.23 

-- 

0.26 

- - 

0.28 

0.28 

0.35 

- - 

0.50 

- - 

0.37 

(HSX) 
0 .o 

1 C  Column 
Aqueous 
U 

1 

( ~ c x )  
0.0 

<0.01 

- - 

- - 

16.3 
16.9 

34.1 
34.8 

46.4 
46.8 

49.7 
50.1 

( ~ C U )  
-50.2 

Organic 
U 

( g / l )  

( ~ c w )  
<0.01 

<0.01 

- - 

-- 

15.1 
15.3 

43.7 
44.0 

63.3 
65 .O 

74.4 
74.6 

(HSP) 
75.0 

HNO3 
(MI 

( 1 ~ x 1  
0.0 

<0.01 

- - 

- - 

0.015 

0.021 

0.04 

0.15 

( ~ c u )  
-0.16 

HNO 3 
(MI 

( ~ c w )  
<0.001 

<0.001 

- - 

- - 

0.02 

0.023 

0.07 

0.17 

(HSP) 
0.24 



TABLE 4-7 . . 

URANIUM INVENTORY DATA (RUN HSA-1) 

f Time 
( m i d  

(At = 5 min) 

5 
10 
15 
20 
25 
30 
35 
4 0 
4 5 
5 0 
55 
60 
65 
7 0 
7 5 
80 
8 5 
90 
9 5 

100 
105 
110 
115 
120 
125 

i 

- 

( i )  

(1) 
(2  
(3)  
(4) 
(5) 
(6)  
(7) 
(8)  
(9  
(10) 
(1 1) 
(12) 
(13) 
(1 4 )  
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 

Ami- 
(gulmin) 

-78.7 
28.8 
16.7 
11.7 
8.2 
6.2 
4.7 
3.7 
2.8 
1.7 
1.1 
0.7 
0.55 
0.40 
0.35 
0.30 
0.25 
0.20 
0.15 
0.10 
0.05 
0.0 

1BX ( r lC)  Column 

AM( ~ B X )  
(grams U) 

-74.7 
224.3 
362.8 
480.1 
577.3 
657.0 
723 .O 
777.5 
824.5 
865.8 
900.0 
928.2 
95 1,5 
970.4 
985.8 
998.6 

1008.5 
1015.6 

'1020 .O 
1022.4 
1024.3 
1025.0 
1025.3 
1025.5 
1025.5 

1 A  (EHS) 

A m i  
(gulrnin) 

-28.8 
16.7 
11.7 

8.2. 
, 6.2 

4.7 
3.7 
2.8 
1.7 
1.1 
0.7 
0.55 
0.40 
0.35 
0.30 

- 0.25 
0.20 
0.15 
0.10 
0.05 
0 .O 
0.0 

1 A  

AG-I 
( g ~ l m i n )  

-78.7 
58.7 
46.6 
37.2 
29.6 
23.7 
19.1 
15.7 
12.6 
10.7 
8.6 
6.9 
5.6 
4.7 
3.6 
3 . 1  
2.5 
1.9 
1.3 
0.7 
0.4 
0.2 

' 0.1 
0.05 

- 0.0 

Column 

AM( 1A) 
 quati ti on 4) 

(grams U)  

-268.8 
382.5 
453.5 
503.2 
539.2 
566.5 

- 587.5 - 
603.8 
615 .O 
622.0 
626.5 
629.6 
632.0 
633.9 
635.5 
636.9 
638 .O 
638.9 
639.5 
639.9 
640 .O 
640.0 

and 1BX 

* * 

A m i  
. (gu/min) 

-58.7 
46.6 
37.2 
29.6 
23.7 
19.1 
15.7 
12.6 
10.7 

8.6 
6.9 
5: 6 
4.7 
3.6 
3.1 
2.5 
1.9 
1.3 
0.7 
0.4 
0.2 
0.1 
0.05 
0.0 
0.0 

Columns 

A " ( l ~  & 1BX 
 quati ti on 6 1 

(grams U) 

-343.5 
606.8 
816.3 
983.3 

1116.5 
1223.5 
1310.5 
1381.3 
1439.5 
1487.8 
1526.5 
1557.8 
1583.5 
1604.3 
1621.3 
1635.5 
1646.5 
1654.5 
1659.5 
1662.3 
1664.3 
1665.0 
1665.3 
1665.5 
1665.5 



TABLE 4-8 

URANIUM INVENTORY DATA (RUN HSA-3) 

Time 
(min) 

( ~ t  = 5 min) 

5 
10 
15 
2 0 
25 * 

30 
3 5 
4 0 
45 
50 
5 5 
60 
65 
7 0 
7 5 
80 
8 5 
90 
9 5 

100 
105 
110 

( i )  

(1) 
(2 
(3) 
(4)  
(5)  
(6 
(7) 
(8 )  
(9)  
(10) 
(1 1) 
(12) 
(13) 
(1 4) 
(15) 
(1  6) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 

1BX ( E ~ c )  Column 

AM (~Bx) 
(grams U) 

-36.2 
117.3 
209.5 
303.7 
394.3 
478.0 
553.8 
622.0 
682.7 
734.5 
777.5 
812.7 
840.5 
861.6 
877.2 
888.5 
896.3 
901.1 
903.3 
904.3 
904.5 
904.5 

1A 

bm?,i 
( g ~ l r n i n )  

-47 -5 
42.5 
37.9 
33.5 
29.9 
26.3 
22.9 
19.8 
16.9 
14.3 . 
11.9 

9.8 
7.9 
6.0 
4.4 
3.1 
1.9 
1.3 
0.6 
0.3 
0.1 
0.0 

Column 

AM ( 1A) 
 quati ti on 4) 

(grams U) 

-188 .8 
308.7 
395 .O 
459.3 
509.2 
548.5 
579.5 
603.0 
620.3 
634.0 
645.3 
654.3 
661.3 
666.2 
669.3 
670.5 
670.7 
670.7 

A m . - 1  
(g,ufmin) 

-47.5 
28.0 
20.0 - 
14.5 
11.2 

8. 8 
6.9 
5.5 
3.9 
3.0 
2.5 
2.0 
1.6 
1.2 
0.8 
0.4 
0.1 
0.0 

1 A  (EHS) 

Ami 
( g ~ l m i n )  

-28.0 
20.0 
14.5 
11.2 
8.8 
6.9 
5.5 
3.9 
3.0 ' 
2.5 . 
2 .O 
1.6 
1.2 
0.8 
0.4 
0.1 
0 .O 
0.0 

and 1BX 

* 
A m i  

(gulrnin) 

-42.5 
37.9 
33.5 
29.9 
26.3 
22.9 
19.8 
16.9 
14.3 
11.9 
9.8 
7.9 
6 .O 
4.4 
3.1 
1.9 
1.3 
0.6 
0.3 
0.1 
0 .O 
0 .O 

Columns 

A " ( l ~  & 1B 
 quati ti on 6 9 

(grams U) 

- 225 .O 
426.0 
604.5 
763.0 
903.5 

1026.5 
1133.3 
1225.0 
1303.0 
1368.5 
1422.8 
1467 .O 
150 1..8 
1527.8 
1546.5 
1559.0 
1567 .O 
1571.8 
1574.0 
1575.0 
1575.2 
1575.2 



- .. 
TABLE 4-9 

. .. . . . . 

Column . I Method 
I 
1.. Volume-Concentr.at ion Measurement 

1A Column 2. Concentration Profile-Holdup Data 
(EHS Column) 3. "'Mass Rate Measurement' 

4 .  Equaf ion 11 (calculated) . . 
. . 

1. Volume-Concentration ~easurement 
1BX.Column . , 2. Concentration Profile-Holdup Data 
( Z ~ C  column) 3. Mass Rate Measurement 

4 .  Equation 12 (calculated) , 

Uranium 
Run 

HSA- 1 



Organic Phase Continuous - 
30 vlo TBP - 0.1 M HNO, 
Room Temperature 

( 0 )  "/ud = 0.33 --  
(e )  Udu, = 3.0 - - 

- 

- 

- Pulse Amplitude: A, = 2.0 cm - 
- 
- 
- 

1 1 1 1 1 I 1 1 I 1 1 1 A 

Dispersed Phase Velocity U, (cmlsec) 

DISPERSED PHASE HOLDUP Xd VERSUS 
THE DISPERSED PHASE SUPERFICIAL VELOCITY 

(ORGANIC CONTINUOUS) 

FIGURE 4-1 

- 36 - 



- U, (cmlsec) 

DISPERSED PHASE HOLDUP Xd VERSUS 
THE DISPERSED PHASE SUPERFICIAL VELOCITY 

- - (AQUEOUS CONTTNUOUS) 

FIGURE 4-2 

Ic 

K 
6 

25 

20 

- 5 1 5 -  

,. ' .  2 

' I , i -  

, . 
" . 5 

0 

- 

Aqueous Phase continuous ' - 
30 VIO TBP - 0.1 M HNO, . . . . .  

- a 

I 

. . 

<;. ; 

;, 0 a' ," .~ - 
% 

r t  

6 - * -  
Pulse Amplitude: A, = 2.4 cm 

' * $  - . - 
L 

I:  - 
- - 

I I 1 1 I I I 1 I I I I 

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 , 1.5 1.6 1.7 1.8 



- U, (crnlsec) 

. . 
' D I S P E R S E D  PHASE HOLDUP X d  VERSUS 

THE D I S P E R S E D  PHASE S U P E R F I C I A L  V E L O C I T Y  
(FLOW RATE u C / U d = 1 )  - 

F I G U R E  4-3 



. DISPERSED PHASE' HOLDUP Xd AS FUNCTION OF EXPRESSION 

FIGURE 4-4 



DISPERSED PHASE HOLDUP Xd A S  FUNCTION' OF EXPRESSION 
u ( 2 s ~ ~  + 

1 

30 vIoTBP-0.1 M HNO, t - 
Room Temperature 

(a) Aqueous Phase'Continuous 
( o) Organic Phase Continuous /< 

y o o  - 
9 

o/ 

a 70 
28 - 

O 

- %$ 

7. 
'OP 

L X d  = 0.2u~"e(21AO + AUd-c)2-8 0 

- o O p  
- 
- / 
- , 

- 

FIGURE 4-5 

0 

< 

I 
1 

1 1 I I 1 I 1 1 I 1 1 I < < 



-4 - U Concentration (g l l )  

FIGURE 4-6 
I 



,-- U Concentration (g l l )  48, B,P 

THE 1BX (51C) COLUMN'EXPERIMENTAL CONCENTRATION PROFILES FOR RUN HSA-1 

FIGURE 4-7 



- U Concentration (g l l )  

THE 1A (EHS) COLUMN EXPERIMENTAL'CONCENTRATION PROFILES FOR RUN HSA-2 



U Concentration (g l l )  

THE 1BX ( - 1 ~ )  COLUMN EXPERIMENTAL CONCENTRATION PROFILES FOR RUN HSA-2 

FIGURE 4-9 



I' - . . U Concentration (g l l )  

TIIE 1A (5~1~s) COLUMN 'EXPERIMENTAL CONCENTRATION PROFILES FOR RUN HSA-3 

FIGURE 4-10 



-* U Concentration (g l l )  

THE 1 B X  ( z 1 C )  COLUMN EXPERIMENTAL CONCENTRATION P R O F I L E S  FOR RUN HSA-3 

F I G U R E  4-11 



.- . -. * 
t .  

. - .. Time t(min) ; 

r ' *  s - . .  < 

. .. . - .  

URANIUM MASS RATE VERSUS TIME IN THE 1A COLUMN (RUN HSA-1) 

FIGURE 4-12 



. . 

.-w , Time t (min) 
I I 

FIGURE 4-13 



0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 - Time t(min) 

URANIUM MASS RATE VERSUS TIME I N  THE 1A COLUMN (RUN HSA-3) 

FIGURE 4-14 



- Time t(min) 

URANIUM MASS RATE VERSUS TIME IN BOTH THE 1A AND 1BX COLUMNS (RUN HSA-3) 

FIGURE 4-15 



1600 - . 
.. 

1500 - (-115 min) 

1400 - 
1300 - 1A & 1 BX Columns 

1200 - 
1100 - 

lBX(=lC)Column 

(-115 min) 

(-95 min) 

I 

I 

i '  
6 
N 
m 
F) 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 - Time t (min) 

. URANIUM INVENTORY ' IN COLUMN 'VERSUS TIME (RUN HSA-1 ) 

FIGURE 4-16 



1700 - 

1A & 1 BX Columns 

1100 - 

1000 - 

. . 

0 10 20 30 40 50 60 70 80 90 100 110. 120 130 - Time 1 .  (min) 

URANIUM INVENTORY IN COLUMN VERSUS. TIME (RUN HSA-3) 

FIGURE 4-17 



5.0 CONCLUSIONS AND RECOMMENDATIONS 

The d ispersed  phase holdup i n  a  pulsed column i s  a f f e c t e d  by t h e  p u l s e  
frequency, pulse a m p l i t u d e ,  and phase  f l o w  c o n d i t i o n s .  I ts  a v e r a g e  
va lue  can  be c a l c u l a t e d  by use  of e q u a t i o n s  9 o r  10. E q u a t i o n  10 ,  
however, i s  more s u i t a b l e ,  a s  i t  descr ibes  the e f f e c t  of t h e  d i s p e r s e d  
phase flow r a t e  on the holdup a l s o  a t  a  flow r a t i o  of one. 

T e s t s  performed on the p i lo t - sca l e  dual  process  pulsed column, s i m u l a t -  
i n g . t h e  BNFP HS c o l u m n  p r o c e s s  c o n d i t i o n s  when o p e r a t e d  a s  a n  
ex t rac t ion-scrub  column, have shown s e v e r a l  advantages when t h e  column 
i s  operated wi th  the  aqueous phase cont inuous,  which a r e  a s  fol lows:  

( 1 )  The t o t a l  uranium inventory wi th in  t h e  column i s  abou t  35 t o  40% 
l o w e r  t h a n  when o p e r a t i n g  t h e  column w i t h  t h e  o r g a n i c  p h a s e  
continuous. 

( 2 )  Ex t r ac t ion  is very e f f i c i e n t . '  Uranium i n  t h e  1AW (HSW) aqueous  
e f f l u e n t  s t ream was undetectable .  

( 3 )  The so lvent  (30  v / o  TBP) res idence  time i n  t h e  column (o f  a b o u t  6 
t o  7 minutes)  i s  cons iderably  s h o r t e r  than i n  columns operated wi th  
the  organic phase continuous. 

The so lvent  q u a l i t y  w i l l  be degraded i f  i t  remains i n  c o n t a c t  w i t h  t h e  
h igh ly  r ad ioac t ive  s o l u t i o n  of the f i r s t  process  cycle  f o r  a n  e x c e s s i v e  
period of time, when r ep roces s ing  s h o r t  c o o l e d  and h i g h l y  i r r a d i a t e d  
nuc lea r  f u e l  by use of the Purex 4 ,  The so lvent  exposure t o  
h igh  r a d i a t i o n  on the i n t e r f a c e  i n  the bottom disengaging s e c t i o n  of the 
column, ope ra t ing  wi th  the organic phase cont inuous,  may last f o r  h o u r s  
due t o  t h e  s t a g n a n t  o r g a n i c  l a y e r  between t h e  bot tom i n t e r f a c e  and 
organic  i n l e t .  Due t o  d i f f u s i o n  and/or  low flow a t  t h e  i n t e r f a c e ,  t h e  
s o l v e n t  d e g r a d a t i o n  p r o d u c t s  (DBP a n d  MBP) w i l l  be t r a n s f e r r e d  
cont inuous ly  to  t h e  main o r g a n i c  s t r e a m  i n  t h e  column, r e s u l t i n g  i n  
h ighe r  l o s s e s  of uranium, plutonium, and so lven t ,  and i n  a d e c r e a s e  of 
t h e  f i s s i o n  products decontaminat ion  f a c t o r .  O p e r a t i n g  t h e  1 A  (EHS) 
column with the aqueous phase continuous, the phases contac t  time wi th in  
t h e  column working s e c t i o n  w i l l  be about 2.5 t o  3 times s h o r t e r  t h a n  i n  
t h e  column operated wi th  the organic. phase continuous; and t h e r e  w i l l  be 
no organic s tagnant  l a y e r  causing uncont ro l lab le  so lvent  degradat ion.  

With r e g a r d  t o  t h e  above a d v a n t a g e s  of t h e  aqueous  c o n t i n u o u s  d u a l  
process  column; i t  i s  recommended t h a t  f u r t h e r  t e s t s  be per formed.  
These t e s t s  would inc lude  the following: 

( 1 )  P i lo t - sca l e  t e s t  with n a t u r a l  uranium simulat ing both the 2A and 3A 
column flowsheet condi t ions.  

( 2 )  f ass-transf e r  t e s t s  w i t h  t h e  aqueous  f e e d  s o l u t i o n  c o n t a i n i n g  
s o l i d s  ( s imu la t ing  FY f i n e s ) ,  i n  order  t o  determine s o l i d s  s e t t l i n g  
and t h e i r  removal from the u n i t ,  a s  wel l  a s  t h e  p o s s i b l e  r e d e s i g n  
of the column disengaging s e c t  ions.  



( 3 )  General ly ,  scrubbing i s  considered more e f f i c i e n t  when t h e  o r g a n i c  
phase i s  dispersed i n t o  the  aqueous phase. (3) It i s  recommended to  
prove t h i s  through t e s t s  wi th  Z r  ( s imula t ing  f i s s i o n  products) .  

E f f i c i e n t  e x t r a c t i o n  i n  the  1A (EHS) column is  assumed to  be t h e  r e s u l t  
of high back mixlng i n  the continuous aqueous  p h a s e ,  which pushes  t h e  
s o l u t e  concent ra t ion  i n  the  d i r e c t i o n  of the d ispersed  phase f l o w  (away 
from the aqueous waste o u t l e t ) .  Ana logous ly ,  t h e  same phenomenon i s  
expected i n  the s t r i p p i n g  column, which may improve s o l u t e  ' s s t r i p p i n g  
i n  the column, when o p e r a t e d  w i t h  t h e  o r g a n i c  phase  c o n t i n u o u s .  To 
v e r i f y  t h i s ,  i t  i s  recommended t o  t e s t  u ran ium s t r i p p i n g  w i t h  t h e  
o rgan ic  phase  c o n t i n u o u s ,  s i m u l a t i n g  t h e  l C ,  2E, 2 B ,  and 3B column 
process  condi t ions .  

Data i n  Table 4-9 show t h a t  a l l  t h r e e  e x p e r i m e n t a l  methods ,  i . e . ,  t h e  
"Volume-Concentration Measurement," "Concentration Profile-Holdup Data," 
and "Mass Rate Measurement" methods, a r e  r e l i a b l e  and can  tie used f o r  
de te rmina t ion  of the t o t a l  s o l u t e '  s inventory i n  a  pulsed column. 

The "Volume-Concentration" measurement  method can  be used o n l y  a f  t e r  
c o m p l e t i o n  of t h e  run .  I t  i s  p e r f o r m e d  by d r a i n i n g  t h e  c o l u m n ,  
s e p a r a t i n g  bo th  l i q u i d  phases  from each  o t h e r ,  and d e t e r m i n i n g  t h e  
volume and s o l u t e  concent ra t ion  i n  separated phases.  The e x p e r i m e n t a l  
"Concentrat ion Profile-Holdup" measurement method can be a p p l i e d  . to t h e  
t o t a l  s o l u t e ' s  inventory d e t e r m i n a t i o n  o n l y  when t h e  column o p e r a t e s  
under s teady-s ta te  condi t ions .  However, the new "Mass Rate Measurement" 
method al lows f o r  determinat ion of the t o t a l  s o l u t e ' s  inventory,  a s  we l l  
a s  i t s  changes  d u r i n g  o p e r a t i o n  by d e t e r m i n i n g  b o t h  t h e  f e e d  and  
e f f l u e n t  s t r e a m s  s o l u t e ' s  mass r a t e s  i n  s h o r t  ( p r o g r e s s i v e )  t i m e  
i n t e r v a l s  measured from time zero ,  when t h e  1AF (rHSF) f e e d  i s  t u r n e d  
on ,  up t o  the  run completion. See Sec t ion  3.2.3 f o r  d e t a i l s .  

Wi th  r e g a r d  t o  r e s u l t a n t  d a t a  shown i n  T a b l e  4-9 and  d i s c u s s e d  i n  
Sec t ion  4.4, i t  i s  recommended t o  t e s t  and use the "Mass Ra te  Measure- 
ment"  method f o r  t h e  uranium i n v e n t o r y  d e t e r m i n a t i o n  i n  f u l l - s i z e  
columns during co ld  uranium mini-runs i n  the  p l an t .  The new t e c h n i q u e  
r e q u i r e s  c o r r e c t  measuring of flow r a t e s  and uranium c o n c e n t r a t i o n  i n  
f eed  and e f f l u e n t  s t reams,  i n  s h o r t  ( 5  t o  15 m i n u t e s )  t i m e  i n t e r v a l s ,  
and computer programming of equat ions 4  and 6 shown i n  S e c t i o n  3.2.3. 
T h i s  can  be accompl i shed  i n  t h e  p r e s e n t  a r r a n g e m e n t  of t h e  BNFP 
S e p a r a t i o n  F a c i l i t i e s .  The method was p r e l i m i n a r y  t e s t e d  and  i t s  
u s a b i l i t y  v e r i f i e d  a t  AGNS, using computerized equat ion 4  and 2A column 
d a t a  from last y e a r ' s  mini-runs. Resul t s  a r e  shown i n  Appendix A. 
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PILOT-SCALE PULSED COLUMNS, AQUEOUS CONTINUOUS 
DUAL PROCESS AND HOLDUP STUDIES 

APPENDIX A 

THE 2 A  COLUMN URANIUM INVENTORY FROM MINI-RUN DATA 

M. H. E h i n g e r  

A p r i l  1 9 8 1  

A l l i e d - G e n e r a l  N u c l e a r  S e r v i c e s  
P o s t  O f f i c e  B o x  8 4 7  

Barnwell, S o u t h  C a r o l i n a  2 9 8 1 2  
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