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SEPARATION SCIENCE AND TECHNOLOGY, 16(10) ,  pp. 1299-1319, 1981  

Use of the SEPHIS-MOD4 Program for Modeling the 
Purex and Thorex Solvent Extraction Processes* 

A. D. MITCHELL 

CHEMICAL TECHNOLOGY DIVISION 
CONSOLIDATED FUEL REPROCESSING PROGRAM 
OAK RIDGE NATIONAL LABORATORY 
OAK RIDGE, TENNESSEE 37830 

ABSTRACT 

The SEPHIS-E.lOD4 computer program s i m u l a t e s  s o l v e n t  e x t r a c t i o n  
i n  the  Purex and Thorex processes .  The program employs s imple mass 
balance equat ions  t o  d e s c r i b e  t h e  movement of s o l u t e s  through t h e  
i d e a l i z e d  m i x e r - s e t t l e r  s t a g e s  which a r e  used i n  t h e  model. These 
d i f f e r e n t i a l  mass-balance equat ions  are i n t e g r a t e d  by an i t e r a t i v e  
scheme t h a t  a l lows  t h e  u s e r  t o  observe t r a n s i e n t  changes and t h e  
r e s u l t i n g  s teady  s t a t e  p r o f i l e  i n  t h e  m i x e r - s e t t l e r  system. 
C o r r e l a t i o n s  d e s c r i b e  t h e  e q u i l i b r i u m  c o n c e n t r a t i o n s  i n  t h e  aqueous 
and organic  phases. K i n e t i c  r a t e  equat ions  a r e  used t o  s imula te  
t h e  reduct ion  of plutonium by hydroxylamine n i t r a t e  and 
uranium(1V). 

The va lue  of t h e  SEPHIS-MOD4 program l i e s  p r i m a r i l y  i n  i t s  
a p p l i c a t i o n  t o  t h e  des ign  and t e s t i n g  of s o l v e n t  e x t r a c t i o n  
f lowshee ts .  Given a set of o p e r a t i n g  c o n d i t i o n s ,  t h e  program can 
p r e d i c t  t h e  s o l u t e  concent ra t ion  p r o f i l e  a t  s teady  s t a t e  and 
dur ing  t h e  approach t o  s teady  s t a t e .  Changes i n  t h e  o p e r a t i n g  
c o n d i t i o n s  can be used t o  d e t e r n i n e  t h e  i n f l u e n c e  of important  
system v a r i a b l e s  or  t o  s imula te  t h e  e f f e c t s  of a process  upset .  

*Research sponsored by t h e  Nuclear Fuel  Cycle Div is ion ,  U.S. 
Department of Energy under Contract  No. W-7405-eng-26 with  Union 
Carbide Corporat ion.  
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1300 MITCHELL 

This t y p e  of i n f o r m a t i o n  h a s  been  used  t o  e v a l u t e  t h e  f l o w s h e e t s  
i n  s o l v e n t  e x t r a c t i o n  e x p e r i m e n t s  and t o  a i d  i n  u n d e r s t a n d i n g  the 
r e s u l t s  of the e x p e r i m e n t s .  Comparisons between e x p e r i m e n t a l  
r e s u l t s  and t h e  c a l c u l a t e d  r e s u l t s  of t h e  program are  g e n e r a l l y  
good and d e m o n s t r a t e  the a c c u r a c y  of  t h e  program. The program 
s h o u l d  become a u s e f u l  t o o l  i n  p l a n n i n g  f o r  t h e  p r o c e s s i n g  of 
s u e n t  n u c l e a r  f u e l .  

INTRODUCTION 

The SEPHIS-ElOD4 program i s  a computer s i m u l a t i o n  of s o l v e n t  

e x t r a c t i o n  p r o c e s s e s  (1-3). I n  p a r t i c u l a r ,  the program works w i t h  

t h e  Purex and Thorex p r o c e s s e s  f o r  r e c y c l i n g  s p e n t  n u c l e a r  f u e l .  

The s o l u t e s  t h a t  t h e  program c o n s i d e r s  f o r  t h e  Purex  p r o c e s s  are  

uranium, p lu ton ium,  n i t r i c  a c i d ,  a p lu ton ium r e d u c t a n t ,  and 

i n e x t r a c t a b l e  n i t r a t e s .  The s o l u t e s  i n  t h e  Thorex p r o c e s s  are  

uraniiim, tho r ium,  n i t r i c  a c i d ,  and i n e x t r a c t a b l e  n i t r a t e s .  The 

program can e a s i l y  be mod i f i ed  t o  h a n d l e  o t h e r  s o l u t e s  i n  these 

p r o c e s s e s  o r  o t h e r  s o l v e n t  e x t r a c t i o n  p r o c e s s e s .  

The mathematics  of t h e  SEPHIS-MOD4 program are t a i l o r e d  t o  

r e semble  m i x e r - s e t t l e r  equipment.  The i d e a l i z e d  s t a g e  model and 

t h e  e q u a t i o n s  used t o  d e s c r i b e  t h e  model were d e s i g n e d  s p e c i f i -  

c a l l y  f o r  c o u n t e r c u r r e n t  m i x e r - s e t t l e r  o p e r a t i o n .  However, o t h e r  

t y p e s  of equipment can be  s i m u l a t e d  t o  t h e  e x t e n t  t h a t  t hey  can  be 

c h a r a c t e r i z e d  by a n  e q u i l i b r i u m  s t a g e  model. The CONSEPT program, 

a n o t h e r  model of s o l v e n t  e x t r a c t i o n ,  h a s  s t a g e s  t h a t  are  t a i l o r e d  

t o  r e semble  s t a g e s  i n  c e n t r i f u g a l  c o n t a c t o r s  ( 4 ) .  T h i s  program i s  

c u r r e n t l y  b e i n g  t e s t e d ,  and i t s  f e a t u r e s  w i l l  be ment ioned la te r .  

The p r imary  use 

i s  i n  d e s i g n i n g  and t e s t i n g  f l o w s h e e t s  f o r  s p e n t  f u e l  p r o c e s s i n g .  

Given a se t  of o p e r a t i n g  c o n d i t i o n s ,  t h e  SEPHIS-MOD4 program can 

p r e d i c t  t h e  s o l u t e  c o n c e n t r a t i o n s  t ha t  would be found i n  the pro-  

c e s s i n g  equipment and  i n  t h e  p r o d u c t  streams. By v a r y i n g  t h e  

o p e r a t i n g  c o n d i t i o n s ,  the u s e r  of t h e  program can de te rmine  which 

o p e r a t i n g  c o n d i t i o n s  f u l f i l l  t h e  c r i t e r i a  €or h i s  p a r t i c u l a r  

f l o w s h e e t .  I n  many f l o w s h e e t s  c o n f l i c t i n g  p r i o r i t i e s  must 

The SEPKIS-MOD4 program h a s  t h r e e  b a s i c  uses .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



USE OF THE SEPHIS-MOD4 PROGRAM 1301 

be balanced,  and t h i s  c a l c u l a t i o n a l  approach is  a f a s t  and inex- 

pensive way t o  examine t h e  t rade-of fs  t h a t  must be made. Although 

t h e  c a l c u l a t e d  r e s u l t s  are reasonably a c c u r a t e ,  t h e  proposed 

f lowsheet  must s t i l l  be t e s t e d  experimental ly .  The r e s u l t s  of the 

experiment can then be compared wi th  t h e  r e s u l t s  from t h e  SEPHIS 

program, and f r e q u e n t l y  t h i s  comparison w i l l  show where f u r t h e r  

experimental  development i s  needed. 

The second use of t h e  SEPHIS-MOD4 program is i n  s imula t ing  t h e  

performance of f u e l  process ing  p l a n t s .  The e f f e c t s  of process  

u p s e t s  and t h e  genera l  performance of t h e  p l a n t  can be gauged by 

u s i n g  t h e  program. This  in format ion  i s  h e l p f u l  i n  a s s e s s i n g  t h e  

s a f e t y  of the  p l a n t  and i n  prevent ing  t h e  occurrence of critica- 

l i t y  a c c i d e n t s .  

The t h i r d  major use  of t h e  program i s  i n  developing safeguards  

s t r a t e g i e s  t o  prevent  t h e  d i v e r s i o n  of f i s s i l e  mater ia l .  The 

program is being used t o  devise  f lowshee ts  t h a t  e i t h e r  do not  pro- 

duce pure plutonium streams o r  t h a t  cannot produce such streams 

without  major f lowsheet  changes. The program is a l s o  being used 

t o  estimate t h e  tirne t h a t  could elapse between t h e  s ta r t  of a 

d i v e r s i o n  and i t s  d e t e c t i o n .  The e lapsed  t i m e  can then be used t o  

estimate the amount of f i s s i l e  material t h a t  might be l o s t  before  

d e t e c t i o n .  

MODEL DESCRIPTION AND GENERAL MATHEMATICS 

The mathematical foundat ion  of t h e  SEPHIS-MOD4 program is 

based on t h e  i d e a l i z e d  m i x e r - s e t t l e r  s t a g e  (Fig. 1). Each s t a g e  

i s  composed of a mixer, a n  aqueous se t t le r ,  and an organic  

set t ler .  The s t reams e n t e r i n g  a s t a g e  are (1) t h e  aqueous stream 

from t h e  preceding s t a g e ,  ( 2 )  t h e  organic  stream from the  suc- 

ceeding s t a g e ,  ( 3 )  an aqueous feed  s t ream, and ( 4 )  an organic  f e e d  

stream. These f o u r  s t reams e n t e r  t h e  s t a g e  and are combined w i t h  

t h e  conten ts  of t h e  mixer. In  t h e  mixer, t h e  s o l u t e s  are assumed 

t o  be a t  an e q u i l i b r i u m  d i s t r i b u t i o n  between t h e  phases. In  t h i s  
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USE OF THE SEPHIS-MOD4 PROGRAM 1303 

way, t h e  aqueous and organic  c o n c e n t r a t i o n s  can be r e l a t e d  by a 

d i s t r i b u t i o n  c o e f f i c i e n t .  

The overflow from the mixer e n t e r s  t h e  s e t t l e r s .  I n  a c t u a l  

equipment, the  phases disengage a t  t h i s  po in t .  I n  t h e  model, t h e  

sett lers provide a t i m e  delay between when a s o l u t e  leaves  one 

mixer and when i t  e n t e r s  t h e  next  one. The s e t t l e r s  are sub- 

d iv ided  i n t o  t h r e e  zones; t h e s e  zones a r e  considered t o  be t h r e e  

consecut ive  s t i r r e d  tanks.  The use of t h r e e  zones provides  a 

compromise between plug flow and well-mixed flow through t h e  

s e t t l e r s .  Well-mixed flow would be descr ibed  by one zone, whereas 

plug flow would r e q u i r e  a n  i n f i n i t e  number of t h e s e  zones. A f t e r  

pass ing  through the  sett lers,  t h e  streams e i t h e r  leave t h e  s y s t e m  

as a product  s t ream o r  go t o  t h e  next  s t a g e .  

The flow of s o l u t e s  through t h i s  i d e a l i z e d  s t a g e  i s  descr ibed  

by unsteady s t a t e  mass balance equat ions .  For t h e  mixer, t h e s e  

mass balances s t a t e  t h a t  t h e  change i n  t h e  amount of a p a r t i c u l a r  

s o l u t e  i n  t h e  mixer is  equal  t o  t h e  d i f f e r e n c e  between t h e  amount 

t h a t  flows i n  and the amount t h a t  flows out :  

- ( A .  + A .)z - (0. + 0 .)y 
d P3 j J PJ j' 

where 

V = volume, 

II: = aqueous-phase s o l u t e  c o n c e n t r a t i o n ,  

y = organic-phase s o l u t e  concent ra t ion ,  

t = t i m e ,  

A = aqueous-phase flow rate,  

0 = organic-phase flow rate, 

s u b s c r i p t  u = aqueous phase, 

subscr ipt :  0 = organic  phase, 

s u b s c r i p t  j = s t a g e  number, 
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1304 MITCHELL 

s u h s c r i p t  f = f e e d  stream, 

s u b s c r i p t  p = p r o d u c t  stream. 

I n  t h e  mixer the phases  are i n  e q u i l i b r i u m ,  so t h e  aqueous 

c o n c e n t r a t i o n  3: 

d i s t r i b u t i o n  c o e f f i c i e n t  D (D = y/z). Using the d i s t r i b u t i o n  

c o e f f i c i e n t ,  the mass b a l a n c e  s i m p l i f i e s  t o  a form tha t  is  easi ly  

e v a l u a t e d  : 

and t h e  o r g a n i c  c o n c e n t r a t i o n  y j  are r e l a t e d  by a j 

[ A . + A  . + D ( O . + O  .)]x (2) 3 - P J  3 PJ 2. 

T h i s  e q u a t i o n  r e l a t e s  change i n  t h e  aqueous c o n c e n t r a t i o n  t o  

t h e  o t h e r  v a r i a b l e s .  Thus t o  c a l c u l a t e  t h e  s o l u t e  c o n c e n t r a t i o n s  

i n  t h e  mixer ,  t h e  program i n t e g r a t e s  t h i s  d i f f e r e n t i a l  e q u a t i o n .  

CHEMlCAL DESCRIPTION OF THE EXTRACTION SYSTEM 

The d i s t r i b u t i o n  c o e f f i c i e n t s  i n  Eq. (2 )  are de te rmined  by 

c o r r e l a t i o n s  w r i t t e n  i n  terms of the aqueous c o n c e n t r a t i o n s .  The 

c o r r e l a t i o n s  f o r  t h e  Purex  p r o c e s s  d e s c r i b e  t h e  d i s t r i b u t i o n  of 

uranium, plutonium, and n i t r i c  a c i d ;  t h o s e  f o r  t h e  Thorex p r o c e s s  

a r e  f o r  uranium, tho r ium,  and n i t r i c  a c i d .  

The c o r r e l a t i o n s  f o r  the Purex  p r o c e s s  were o r i g i n a l l y  deve- 

l oped  tiy Horner (5) and were r e v i s e d  by R icha rdson  ( 6 , 7 )  and t h e n  

by Watson and Rainey ( 8 ) .  The SEPHIS-MOD4 program c u r r e n t l y  u s e s  

t h e  Watson-Rainey v e r s i o n  of t h e s e  c o r r e l a t i o n s  w i t h  a c o r r e c t i o n  

f a c t o r  r e c e n t l y  found by J u b i n  ( 9 ) .  Watson and Rainey were t h e  

d e v e l o p e r s  of t h e  c o r r e l a t i o n s  f o r  t h e  Thorex p r o c e s s  ( 1 0 , l l ) .  

The c o r r e l a t i o n s  f o r  bo th  p r o c e s s e s  are  based on f i t t i n g  

e q u a t i o n s  t o  l i t e r a t u r e  d a t a .  The d a t a - f i t t i n g  p rocedure  used 

mass a c t i o n  e x p r e s s i o n s  t o  d e s c r i b e  the d i s t r i b u t i o n  of a par-  

t j c u l a r  s o l u t e  and i t s  i n t e r d e p e n d e n c e  on t h e  o t h e r  s o l u t e s  i n  t h e  
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USE OF THE SEPHIS-MOD4 PROGRAM 1305 

system. For example, the mass action expression for uranium is 

where K is the mass action constant, brackets indicate 

"concentration of" the enclosed compound(s), and TBP is tributyl 

phosphate. 

U 

The uranium distribution coefficient is the ratio of the 

complexed organic form over the ionic aqueous form. The mass 

action constant K was fit to a polynomial function of the ionic 

strength of the aqueous solution. The interrelationship with the 

other solutes is through the nitrate ion concentration, the TBP 

concentration, and the ionic strength of the aqueous solution. 

U 

The SEPHIS-MOD4 program is also able to consider the kinetics 
of reactions in the system. Currently, the only reaction con- 

sidered is the reduction of plutonium. The program can handle 

instantaneous reduction, reduction by uranium(IV), and reduction 

by hydroxylamine nitrate (HAN). The rate equation for reduction 

by uranium(1V) is adapted from the stoichiometry and kinetics pro- 

posed by Baxter and Naylor(l2); reduction by I U N  uses the 

stoichiometry and kinetics proposed by Barney (13). Additional reac- 

tions can be added by the user of the program. 

USES OF THE PROGRAM 

The values calculated by the SEPHIS-MOD4 program are based on 

an idealized mixer-settler stage, correlations for distribution 

coefficients, and published kinetics for reduction reactions; but 

the value of the program can be measured only by its ability to 

produce useful results. Examples of the results produced by the 

program clearly demonstrate its applications and abilities. 

As stated previously, the primary use of the program is in the 

design and testing of flowsheets for use in processing spent 
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n u c l e a r  f u e l .  To d e s i g n  a f l o w s h e e t ,  a se t  of c r i t e r i a  must b e  

r s t a b 1 i ~ ; I i e d  w i t h  which t h e  f l o w s h e e t  must conform. These c r i te r ia  

might i n c l u d e  t h e  number of s t a g e s ,  the d e s i r e d  p r o d u c t  stream 

c o n c e n t r a t i o n s ,  o r  t h e  ambient  t empera tu re .  The example shown i n  

Tiq.  2 I S  a c o p r o c e s s i n g  f l o w s h e e t ,  o r  a t  least  t h e  i n i t i a l  c r i -  

t e r i a  t h a t  must be m e t .  The f e e d  stream (HAF) is  t h e  p r o d u c t  of 

t h e  d i s q o l v e r  f o r  LWR f u e l .  I t  c o n t a i n s  uranium w i t h  abou t  1 X  

plii tonium. The f e e d  stream e n t e r s  t h e  e x t r a c t i o n  bank where a l l  

of the uranium and p lu ton ium are t r a n s f e r r e d  t o  t h e  o r g a n i c  s t r e a m  

( I i A X ) .  The pu rpose  of t h e  s c r u b  stream (HAS) is  t o  remove f i s s i o n  

p r o d u c t s  from t h e  o r g a n i c  phase  and t o  a d j u s t  the a c i d i t y  of t h e  

o r g a n i c  p roduc t  (HAP). 

A f t e r  l e a v i n g  t h e  e x t r a c t i o n  bank, t h e  o r g a n i c  phase e n t e r s  

t h r  p a r t i a l  p a r t i t i o n i n g  bank. I n  t h i s  bank a l l  of t h e  p lu ton ium 

is  s t r i p p e d  from t h e  o r g a n i c s  by u s e  of a r e d u c t a n t  i n  t h e  aqueous 

s t r i p  ( I A S ) .  Some uranium w i l l  a l s o  be s t r i p p e d ,  but  t h e  g o a l  of 

t h i s  f l o w s h e e t  and of t h i s  bank i n  p a r t i c u l a r  i s  t o  produce a 

stream w i t h  a p lu ton ium c o n t e n t  e q u a l  t o  20x of t h e  t o t a l  heavv 

metal c o n t e n t .  Consequen t ly ,  t h i s  f l o w s h e e t  r e q u i r e s  a method t o  

c o n t r o l  t h e  amount of uranium l e a v i n g  i n  t h e  aqueous p roduc t  

s t r e a m  ( I A P ) .  

T o  complete  t h e  f l o w s h e e t  d e s i g n ,  a n  approx ima te  f l o w s h e e t  was 

forind arid p a r a m e t r i c  c a l c u l a t i o n s  were performed t o  de t e rmine  t h e  

e f t e c t s  of t h e  v a r i a b l e s .  F i g u r e  3 shows t h e  i n f l u e n c e  of the 

s t r i p  f l o w  ra te  f o r  two v a l u e s  of s t r i p  a c i d i t y .  I n c r e a s i n g  t h e  

1AS flow r a t e  w i l l  d e c r e a s e  t h e  p lu ton ium/heavy  metal f r a c t i o n  of 

t h e  p roduc t  because more uranium w i l l  s t r i p  i n t o  t h e  aqueous 

ph.ise. I n c r e a s i n g  t h e  1AS a c i d i t y  w i l l  i n c r e a s e  t h e  

p I ~ i t o n i i i n / h e a v y  metal f r a c t i o n  of t h e  p roduc t  because  more of t h e  

iir<xiiium w i l l  be l e f t  i n  t h e  o r g a n i c  phase.  

To t e s t  t h e  o p e r a t i o n  of t h e  t e n t a t i v e  f l o w s h e e t  f o r  t h e  par-  

t i j l  p a r t i t i o n i n g  bank, a n  expe r imen t  was performed i n  which the 

1AS f low rate  was d e c r e a s e d  and t h e  a c i d i t y  was i n c r e a s e d .  T h e  

expe r imen t  c o n t a i n e d  no p lu ton ium,  so t h e  on ly  g o a l  w a s  t o  d e t e r -  

mine i f  t h e  uranium c o n c e n t r a t i o n  i n  t h e  aqueous p roduc t  stream 
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could be l i m i t e d  t o  a g iven  l e v e l .  The uranium c o n c e n t r a t i o n  pro- 

f i l e  of t h e  aqueous phase i n  t h e  p a r t i a l  p a r t i t i o n i n g  bank i s  

shown i n  Fig.  4. The expe r imen ta l  d a t a  p o i n t s  are ve ry  c l o s e  t o  

t h e  c a l c u l a t e d  l i n e .  The low uranium c o n c e n t r a t i o n  i n  s t a g e  16 

i n d i c a t e s  t h a t  t h e  uranium c o n c e n t r a t i o n  i n  t h e  aqueous p roduc t  

stream can indeed be l i m i t e d .  

The experiment  a l s o  demonstrated t h a t  f u r t h e r  development i s  

needed t o  modify t h e  n i t r i c  a c i d  p r o f i l e  which r e s u l t e d .  The 

n i t r i c  a c i d  c o n c e n t r a t i o n  p r o f i l e  f o r  t h e  aqueous phase is  shown 

i n  Fig.  5. Although t h e  e x p e r i m e n t a l  d a t a  p o i n t s  a r e  c l o s e  t o  t h e  

c a l c u l a t e d  l i n e ,  t h e  h i g h  a c i d i t y  (>-1.0 mol/L) i n  s t a g e s  12 

th rough  16 must be reduced f o r  t h i s  f l owshee t  t o  work p r o p e r l y .  

I f  t h e  a c i d i t y  of t h e  aqueous p roduc t  stream i s  t o o  high,  t h e  plu- 

tonium may no t  be q u a n t i t a t i v e l y  reduced and some of i t  may con- 

t a m i n a t e  t h e  uranium p roduc t  s t r eam (1AU). F igu re  6 shows t h e  

i n f l u e n c e  of t h e  HAS s c r u b  stream a c i d i t y  on t h e  1AP a c i d i t y  f o r  

two s t r i p  f low rates. Dec reas ing  t h e  s c r u b  a c i d i t y  w i l l  d e c r e a s e  

t h e  product  a c i d i t y ,  whereas d e c r e a s i n g  t h e  s t r i p  f low rate w i l l  

i n c r e a s e  t h e  p roduc t  a c i d i t y .  

F i g u r e  7 shows the i n t e r r e l a t i o n s h i p s  between uranium l e v e l  

and a c i d i t y  i n  t h e  p roduc t  s t ream. Ac t ions  t aken  t o  dec rease  t h e  

p roduc t  a c i d i t y  a l s o  dec rease  t h e  plutonium/heavy metal f r a c t i o n  

o€  t h e  product .  Conversely,  a c t i o n s  t aken  t o  e n r i c h  t h e  p roduc t  

w i t h  plutonium a l s o  i n c r e a s e  t h e  a c i d i t y  w i t h  t h e  concomitant  

r e s u l t  t h a t  all t h e  plutonium might n o t  l e a v e  i n  t h e  p roduc t  

s t ream. Using t h i s  i n f o r m a t i o n ,  t h e  f lowshee t  d e s i g n e r  can 

ba lance  t h e  c o n f l i c t i n g  p r i o r i t i e s  and l i m i t  t h e  amount of expe r i -  

mental  t e s t i n g  r e q u i r e d  t o  develop t h e  f lowshee t .  The c a l c u l a -  

t i o n s  w i l l  show which set of c o n d i t i o n s  w i l l  most n e a r l y  meet t h e  

c r i te r ia  f o r  t h e  f lowshee t .  

In  t h e  case of t h i s  coprocess ing  f l o w s h e e t ,  a new set of 

o p e r a t i n g  c o n d i t i o n s  w a s  chosen and a n  experiment  w a s  performed. 

The r e s u l t s  of t h e  experiment  g e n e r a l l y  conf i rm what had been 

c a l c u l a t e d .  No plutonium w a s  used i n  t h i s  expe r imen t ,  but  based 

on t h e  uranium c o n c e n t r a t i o n  i n  t h e  U P ,  t h e  plutonium would have 
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I A S  FLOW RATE ( L / m i n )  

Fig. 3. I n f l u e n c e  of t h e  1AS f low r a t e  on t h e  plutonium con- 
t e n t  of t h e  aqueous p roduc t  s t ream. 

comprised about 16% of t h e  heavy metal i n  the aqueous p roduc t  

(assuming complete s t r i p p i n g ) .  

€ o r  t h e  aqueous phase i s  shown i n  Fig.  8. The expe r imen ta l  d a t a  

p o i n t s  a r e  very c l o s e  t o  t h e  c a l c u l a t e d  l i n e  u n t i l  s t a g e  25, t h e  

p o i n t  a t  which t h e  f e e d  s t r e a m  e n t e r s  t h e  system. The d i f f e r e n c e s  

between t h e  d a t a  p o i n t s  and t h e  c a l c u l a t e d  l i n e  i n  the  d i l u t e  end 

of t h e  system a r e  probably due t o  s t a g e  i n e f f i c i e n c e s ;  however, 

t h e  SEPHIS-MOD4 program assumes i d e a l  s t a g e s .  F i g u r e  9 shows t h e  

same i n f o r m a t i o n  on a l i nea r  s c a l e .  The d a t a  p o i n t s  i n d i c a t e  t h a t  

t h e  uranium is r e f l u x i n g  i n  t h e  p a r t i a l  p a r t i t i o n i n g  bank t o  a 

The uranium c o n c e n t r a t i o n  p r o f i l e  
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Fig. 4.  ProEi le  of t h e  aqueous uranium concent ra t ion  f o r  t h e  
part i a  1 p a r t i t i o n i n g  bank. 

g r e a t e r  e x t e n t  than expected. This  can be due t o  s l i g h t  exper i -  

mental inaccurac ies  ( e . g . ,  flow r a t e s ,  measured c o n c e n t r a t i o n s ,  

and tempera tures) ,  o r  t o  small e r r o r s  i n  the  c a l c u l a t e d  d i s t r i b u -  

t i o n  c o e E € i c i e n t s .  F igure  10 shows t h e  n i t r i c  a c i d  c o n c e n t r a t i o n  

p r o f i l e  i n  t h e  aqueous phase. The exper imenta l  d a t a  p o i n t s  a r e  

very c l o s e  t o  the c a l c u l a t e d  l i n e .  The c o n c e n t r a t i o n  i n  s t a g e  16 

was reduced from about 2.3 mol /L  t o  about  1 . 9  mol/L HNO3 as a 
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Fig. 5. Profile of the aqueous nitric acid concentration for 
the partial partitioning bank. 
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1312 MITCHELL 

I‘ig. 6. I n f l u e n c e  of s c r u b  stream a c i d i t y  on t h e  a c i d i t y  of 
t h e  aqueous p r o d u c t  stream. 

r e s u l t  of t h e  changed o p e r a t i n g  c o n d i t i o n s ,  and on ly  t h r e e  s t a g e s  

have  a c o n c e n t r a t i o n  o v e r  1.0 mol/L “03. T h i s  is  a s i g n i f i c a n t  

improvement ove r  the p r e v i o u s  f l o w s h e e t ,  but  even lower a c i d  con- 

c e n t r a t i o n s  would he h e l p f u l .  

The degree  of co r re spondence  between t h e  e x p e r i m e n t a l  r e s u l t s  

and the  r e s u l t s  produced by t h e  SEPHIS-MOD4 program v a r i e s  from 

one expe r imen t  t o  t h e  nex t .  However, t h e s e  samples  demons t r a t e  

t h a t  t h e  SEPHIS-FlOI)4 program can  be used  w i t h  c o n f i d e n c e  when 

d e s i g n i n g  s o l v e n t  e x t r a c t i o n  f l o w s h e e t s .  

4 l t h o u g h  t h e  d i s c u s s i o n  t h u s  f a r  has been l i m i t e d  t o  s t eady-  

s t a t e  r e s u l t s ,  t h e  SEPHLS-MOD4 program i s  a l s o  d e s i g n e d  t o  produce 
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1.8 

1AP HNO, (MI 

14 
1.4 1.6 0 

Fig .  7. An example of t h e  c o n f l i c t i n g  r equ i r emen t s  of t h i s  
coprocess ing  f lowshee t  - 

t r a n s i e n t  r e s u l t s  d u r i n g  p e r i o d s  when o p e r a t i n g  c o n d i t i o n s  o r  con- 

c e n t r a t i o n s  a r e  changing. F i g u r e  11 shows t h e  t r a n s i e n t  d e n s i t y  

r e sponse  d u r i n g  t h e  s t a r t - u p  of a n  experiment  w i t h  a d i f f e r e n t  

f l owshee t .  A f t e r  a n  i n i t i a l  r a p i d  i n c r e a s e ,  t h e  c a l c u l a t e d  

r e s u l t s  are s l i g h t l y  h i g h e r  t h a n  t h e  expe r imen ta l  r e s u l t s ;  t h i s  i s  

probably due t o  i n a c c u r a c i e s  i n  t h e  d e n s i t y  c o r r e l a t i o n s  used by 

t h e  program. However, t h e  main c o n c l u s i o n  is  t h a t  t h e  program 

a c c u r a t e l y  i n d i c a t e s  t h e  t i m e  and speed a t  which changes occur  i n  

t h e  p roduc t  s t r e a m  d e n s i t y .  
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Fig. 8. Profile of the aqueous uranium concentration using 
revised operating conditions (log scale). 

SUNNARY AND NEW DEVELOPMENTS 

The SEPHIS-PlOD4 program is able to predict steady-state and 

transient concentrations with reasonable accuracy. The program 

can easily he adapted to work with many contactor arrangements or 

with other solvent extraction processes. The program can save the 

flowsheet designer great amounts of experimental time and effort 

bv allowing the designer to scout the operating conditions prior 

to conducting experiments. The program can also be used in safety 

analyses for fuel processing plants and in testing safeguards 

strategies. 
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STAGE NO. 

Fig. 9. Profile of the aqueous uranium concentration using 
revised operating conditions (linear scale). 

Similar information can be obtained through use of the newly 

developed CONSEPT (controller-run solvent extraction process 

- testing) program.’ In contrast with the mixer-settlers of the 
SEPHIS-MOD4 program, the CONSEPT program was tailored to model 

centrifugal contactors. The feed stream flow rates and con- 

centrations can be adjusted automatically by process controllers. 

The volumes and flow rates in the system vary with time as the 
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I' 

I .( 

0.1 

Fig. 10. Profile of the aqueous nitric acid concentration 
usinp, revised operating conditions. 
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Fig. 11. A comparison of the transient density response pre- 
dicted by SEPHIS-MOD4 with that measured experimentally. 
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f e e d  s t r e a m s  change.  In a d d i t i o n ,  v a r i o u s  forms of e r r o r s  can  be 

imposed on t h e  f e e d  streams. The mechanics  of t h e  CONSEPT program 

make i t  p a r t i c u l a r l y  a p p l i c a b l e  i n  the areas of f l o w s h e e t  d e s i g n  

and r e p r o c e s s i n g  p l a n t  s i m u l a t i o n .  In c o n j u n c t i o n  w i t h  experimen- 

t a l  t e s t i n g ,  b o t h  of t h e s e  computer programs shou ld  become u s e f u l  

a i d s  i i i  p r o c e s s i n g  i r r a d i a t e d  n u c l e a r  f u e l .  
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