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A COMPARISON BETWEEN SEPBIS-MOD4 AND PREVIOUS MODELS OF THE PUREX SOLVENT __ ..I_-__ 

I_-______- EXTRACTION SYSTEM 

A .  D. M i t c h e l l  

SEPHIS-MOD4 i s  a r e v i s e d  computer model of  t h e  Purex s o l v e n t  
e x t r a c t i o n  system. To demons t r a t e  t h a t  t h i s  v e r s i o n  of  t h e  
SEPHIS program is a s i g n i f i c a n t  improvement o v e r  t h e  p r e v i o u s  
v e r s i o n s ,  t h e  methods and results o f  SEPHIS-MOD4 are  compared 
w i t h  ear l ie r  computer models of  t h e  Purex p r o c e s s .  T h i s  
comparison i n d i c a t e s  t h a t  SEPHIS-MOD4 i s  b e t t e r  a b l e  t o  c a l c u l a t e  
t r a n s i e n t  and s t e a d y - s t a t e  s o l u t e  c o n c e n t r a t i o n s  i n  s o l v e n t  
e x t r a c t  i o n  equipment.  

1. INTRODUCTION 

The SEPHIS computer program i s  a t o o l  used f o r  s i m u l a t i n g  t h e  

s o l v e n t  e x t r a c t i o n  p o r t i o n s  of  t h e  Purex p r o c e s s .  The program was 

developed t o  c a l c u l a t e  ( o r  p r e d i c t )  t r a n s i e n t  and s t e a d y - s t a t e  

c o n c e n t r a t i o n s  i n  c o u n t e r c u r r e n t  c o n t a c t o r s  - Although t h e  p r e v i o u s  

v e r s i o n s  o f  t h e  program d i d  produce s a t i s f a c t o r y  r e s u l t s  f o r  t h e  purposes  

of t h e  u s e r s ,  several improvements have been made which have s i g n i f i c a n t l y  

a f f e c t e d  b o t h  t h e  t r a n s i e n t  and s t e a d y - s t a t e  c o n c e n t r a t i o n s  p r e d i c t e d  

by t h e  program. To d i f f e r e n t i a t e  t h i s  most r e c e n t  v e r s i o n  of  t he  program 

from p reced ing  v e r s i o n s ,  t h e  improved SEPWIS code has been r e d e s i g n a t e d  

SEPHIS-MOD4. 

2 .  CALCULATIONAL FEATURES OF SEPHIS-MOD4 AND PREVIOUS MODELS OF 'TIIE PUREX 
SYSTEM 

To p r o v i d e  a f i r m  b a s i s  of comparison f o r  t h e  v a r i o u s  computer models 

i n v o l v e d ,  a n  e x p l a n a t i o n  o f  t h e i r  r e l e v a n t  f e a t u r e s  i s  i n  o r d e r .  The 

concep tua l  model O F  a m i x e r - s e t t l e r  s t a g e  i s  t h e  f o u n d a t i o n  of t h e  

mathematics  i n  a l l  t h e  programs. The e q u a t i o n s  t h a t  a r e  used t o  d e s c r i b e  

t h e  concep tua l  model have a l a r g e  impact on t h e  f i n a l  r e s u l  ts. In each 

o f  t h e  programs, a s p e c i f i c  c r i t e r i o n  i s  used t o  tes t  € o r  t h e  convergence 

t o  a s t e a d y  s t a t e .  An e x p l a n a t i o n  of  how t h e  d i s t r i b i i t i o r i  c o e f f i c i e n t s  

,ire computed i s  g i v e n  even though no change has been made from "SEPHIS-MOD3" 

r~ SEPEIIS-MQD4. 
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SEPHIS-MOD4 is t h e  l a t e s t  i n  a series of a t t e m p t s  t o  m i m i c  the Purex 

p rocess . '  

was w r i t t e n  by W .  S .  Groenier  t o  p r e d i c t  the time-dependent behav io r  of 

t h e  s o l v e n t  e x t r a c t i o n  p r o c e s s .  "SEPHIS-MOTl2" c o n t a i n s  r e v i s i o n s  made 

by G .  L .  Richardson t o  i m p r o v e  thv c o r r e l a t i o n s  used t o  c a l c u l a t e  t h e  

The o r i g i n a l  program, which w i l l  be r e f e r r e d  t o  as 'lSEPHIS-MOD1,ll 

d i s t r i b i i t i  on coef  f i c i t n  ts . "' 
program f u r t h e r  t o  i n c l u d e  the  e f f e c t s  of  a d d i t i o n a l  n i t r a t - ( >  s a l t s  

("SEPIIIS-MOD3") . Another s o l v e n t  e x t r a c t i o n  program (SOLVEX) , w r i t t e n  

by W .  C .  S c o t t e n ,  improves t h e  ma themat i ca l  q i m u l a t i o n  of t h e  p r o c e s s  

equipment b u t  r e q u i r e s  t h e  u s e r  t o  p r o v i d e  d i s t r i b u t i o n  c o e f f i c i e n t s .  

SEPHLS-MOD4 h a s  i t s  f o u n d a t i o n  i n  t h e s e  p r e v i o u s  works and h a s  b u i l t  and 

improved upon a l l  of  them. 

K. H. Rainey and S. B .  Watson mod i f i ed  t h e  

6 

2.1 SEPHIS -MOD4 

SEPHIS-MOD4 h a s  borrowed and r e f i n e d  many i d e a s  from t h e  p r e v i o u s  

models of t h e  Purex s o l v e n t  e x t r a c t i o n  p r o c e s s .  The c o n c e p t u a l  model. of 

a m i x e r - s e t t l e r  bank i s  s l i g h t l y  changed from t h a t  o f  t h e  SOLVEX p rogran .  

The e q u a t i o n s  t h a t  d e f i n e  t h e  model have been changed t o  a g r e a t e r  d e g r e e .  

The c r i t e r i o n  f o r  d e t e r m i n i n g  when s t e a d y  s t a t e  i s  ach ieved  h a s  been 

iiiiproved. 

The c o n c e p t u a l  model of a m i x e r - s e t t l e r  bank which i s  used by 

SEPHTS-MOD4 i s  shown i n  F ig .  1. A l l  of t h e  symbols a r e  d e f i n e d  i n  the 

Appendix (Tab le  of Nomenclature) .  

s t a g e s  ( A j - l ,  Oj+l) e n t e r  t h e  mixer of s t a g e  j w i t h  any f e e d  streams 

( A f j ,  0 .) t o  t h e  s t a g e .  

t h e  phases  are s e p a r a t e d  and d i r e c t e d  t o  t h e  se t t lers .  Iii SEPHIS-MOD4, 

t h e  s e t t l e r s  are  subd iv ided  i n t o  t h r e e  consecu t  i.ve, wel-l.-mixed zones.  

A f t e r  l e a v i n g  t h e  t h i r d  zone, t h e  streams c a n  proceed t o  t h e  n e x t  

s t a g e  ( A j ,  0 . )  or  leave t h e  system as a p roduc t  stream (A 

The streams f r o m  t h e  p reced ing  and succeed ing  

A f t e r  combining w i t h  t h e  c o n t e n t s  of  t h e  mixer, 
f J  

0 . ) .  
3 P j '  PJ 

The e q u a t i o n s  used t o  descr i -be t h i s  c o n c e p t u a l  model are  d e r i v e d  

from t h e  b a s i c  mass b a l a n c e  f o r  t h e  mixer: 
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An approximat ion  i s  made thatr t h e  f l o w  rates  and volumes i n  t h e  system 

are  c o n s t a n t  d u r i n g  a g i v e n  t i m e  i n t e r v a l .  T h i s  assumption s i m p l i f i e s  

t h e  mass b a l a n c e  t o :  

dX d y ,  . 
+ A .x i .j .+. =d = 

V m a j  d t  moj d t  Aj- lXi , j - l  '+. O j + l Y i , j + l  f J  f i , j  

(2) - ( 0 .  4- 0 J Y i , j .  
+ O f j Y f i , j  3 PJ i , j  J PJ 

- (A. +- A . > x  

The mixers a r e  assumed t o  have an e q i i i l i b r i u m  d i s t r i b u i t o n  of  t h e  

s o l u t e s  between t h e  p h a s e s ,  so  t h e  efficient-y of  t h e  mixers  i s  n o t  

c o n s i d e r e d .  Thus,  t h e  unknown o r g a n i c  c o n c e n t r a t i o n  i n  t h e  mixci-s i s  

d e f i n e d  by 

Y i ,  j = n x  i i , j '  ( 3 )  

S u b s t i t u t i o n  of  E q .  ( 3 )  i n t o  E q .  ( 2 )  y i e l d s :  

S i n c e  each  of  t h e  c o n c e n t r a t i o n s  (except  t h e  i n p u t  s t r e a m  

c o n c e n t r a t i o n s )  can v a r y  d u r i n g  any  t i m e  i n t e r v a l ,  a r e a s o n a b l e  tilethod of 

e v a l u a t i n g  t h e s e  c o n c e n t r a t i o n s  must be chosen.  A l l  t.he f l o w  r a t e s ,  vol.umes, 

and f e e d  streams a re  cons ide red  t o  b e  c o n s t a n t  o v e r  a g i v e n  i n t e r v a l .  o f  

t i . m e .  

The e v a l u a t i o n  of  x i s  de termined  by t h e  Kunge-Kutta i n t e g r a t i o n  scheme 

i n  SEPHIS-MOD[+. 'The v a l u e  of D i  i s  c a l c u l a t e d  once x 

Assuming t h a t  x. and y w i l l  v a r y  by o n l y  small amounts d u r i n g  

t h e  t i m e  i n t e r v a l ,  a r e a s o n a b l e  c h o i c e  f o r  t h e s e  v a l u e s  i s  an  average  

of  t h e i r  s t a r t i n g  c o n c e n t r a t i o n s  and t h e  f i n a l  c o n c e n t r a t i o n s  o v e r  t h e  

t i m e  i n t e r v a l .  Thus,  

Thus,  t h e  remaining v a r i a b l - e s  a re  x i , j '  D i '  x i , j - j - '  and Y i , j . + l '  

i , j  
i s  known e 

i , j  

1.~j-1 i , j.i-1~ 

f x  )/2 , (5) 
- - 

( x i ,  j -1 , t  i ,  j -1, t i - A t  X i , j - l  
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A l l  t h e  v a r i a b l e s  have now been s p e c i f i . e d ,  so t h e  d i f f e r e n t i a l  i n  

E q .  ( 4 )  can be e v a l u a t e d .  

The i t e r a t i v e  procedure  which t h e  program employs may be  p i c t u r e d  

as a g r i d  o f  p o i n t s ,  as shown i n  F i g .  2 .  The ho r i zon ta l .  a x i s  de t e rmines  

t h e  s t a g e  number, w h i l e  t h e  ve r t i ca l  a x i s  i n d i c a t e s  the progress i .on  of  

t i m e .  Each p o i n t  i n  t h e  g r i d  i n d i c a t e s  a t i m e  when t h e  c o n c e n t r a t i o n  i n  

t h a t  s t a g e  needs  t o  b e  c a l c u l a t e d .  Ci rc les  are drawn around t h e  p o i n t s  

i n  t.he f i g u r e  t o  i n d i c a t e  t h a t  t h e  c o n c e n t r a t i o n s  have a l r e a d y  been 

de termined  f o r  t b a t  p o i n t .  

I n  t1ii.s f i g u r e ,  t h e  concen t r a t . i ons  have been c a l c u l a t e d  up t o  

s t a g e  j a t  t i m e  t 4- A t .  

i. ,j , t + A t  ' c a l c u l a t e  x 
c a l c u l a t e d  v a l u e .  An approximat  i o n  t h a t  

0.E t h e  v a r i a b l e s  r equ i - r ed  by t h e  e q u a t i o n s  t o  

does  n o t  have  a p r e v i o u s l y  yi, j-tl, t + A t  

I 

Y i , j + l , t - t - A t  - 'i,j-tl,t (71 

i s  used t o  bypass  t h i s  problem. The d i f f e r e n t i a l  can t h e n  be  e v a l u a t e d  

by t h e  Runge-Kutta i n t e g r a t i o n ,  g i v i n g  t h e  v a l u e s  f o r  x i , j , t + A t  and 

yi., j , t + A t  ' The i t e r a t i v e  p rocedure  t h e n  moves h o r i z o n t a l l y  from one 

s t a g e  t o  t h e  nex t  u n t i l  a l l  t h e  s t a g e s  i n  t h a t  row have been e v a l u a t e d .  

I n  t h e  next raw of p o i n t s ,  t h e  s t a g e s  are  computed i n  t h e  o t h e r  d i r e c t i o n .  

T h i s  reversal  of  o r d e r  should  h e l p  of Fset any b i a s  which t h e  a p p r o x i n a t i o n  

i n  E q .  ( 7 )  might  have on t h e  r e s u l t s .  While  moving from l e f t  t o  r i g h t ,  

a v a l u e  f o r  y 

f rom r i g h t  t o  l e f t ,  t h e  co r re spond ing  assumpt ion  i s  

had t o  b e  assumed. When t h e  c a l c u l a t i o n  proceeds  i , j + l , t + A t  

X = x  i , j -1, t + A t  i , j - I . , t *  

The i t e r a t ive  p rocedure  c o n t i n u e s  t o  s c a n  t h e  column i n  t h i s  manner 

u n t i l  a l l  t h e  s p e c i f i e d  time i n t e r v a l s  have been completed.  However, 

between each  mixer  i s  a se t t le r  which must a l so  b e  c o n s i d e r e d .  A f t e r  t h e  

c o n c e n t r a t i o n s  have been c a l c u l a t e d  f o r  a mixer, t h e  se t t le r  of  t h e  s t a g e  

is  e v a l u a t e d .  S i n c e  no mass t r a n s f e r  o c c u r s  i n  t h e  se t t le r  i n  t h i s  

model,  t h i s  c a l c u l a t l o n  p r o v i d e s  a t i m e  d e l a y  between when a s o l u t e  

e x i t s  a mixer  and when i t  e n t e r s  t h e  nex t  mixe r .  

The e q u a t i o n s  f o r  t h e  s e t t l e r  s p l i t  t h e  computa t ion  i n t o  s e p a r a t e ,  

h u t  i d e n t i c a l ,  e q u a t i o n s  f o r  t h e  aqueous and o r g a n i c  phases.  Each phase  
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F i g .  2 .  An idealized view of t h e  i t e r a t i v e  procedure used  by 
SEPHIS-MOD4. 



i n  t h e  se t t ler  i s  d i v i d e d  i n t o  t h r e e  equal-volume, p e r f e c t l y  mixed 

zones .  The o n l y  stream e n t e r i n g  o r  e x i t i n g  i s  t h e  phase  f l o w  th rough  t h e  

s e t t l e r .  The m a s s  b a l a n c e  f o r  component i i n  zone k of s t a g e  j i s  t h e n :  

V dxi 
- A  x Sa l  y j y k  = A 

3 d t  s j  i , j , k - 1  sj  i , j , k '  

The d i f f e r e n t i a l  e q u a t i o n  i s  pu t  i n t o  a s imple  f i n i t e  d i f f e r e n c e  form, 

and t h e  conce .n t r a t ions  are e v a l u a t e d  i n  t h e  same manzler as  i n  t h e  

mixers  t o  g i v e  : 

X + x  
i,j ,k , t+At i , j  , k , t ) .  

2 - A  ( s j  

The c r i t e r i o n  f o r  t h e  s t e a d y - s t a t e  d e t e r m i n a t i o n  i n  SEPHIS-MOD4 

i s  based on  a mass b a l a n c e .  T h i s  m a s s  b a l a n c e  i s  a p p l i e d  t o  each  stage.  

When t h e  i n v e n t o r y  o f  e v e r y  component i n  e v e r y  s t a g e  i s  changing by less 

t h a n  a use r -de f ined  t o l e r a n c e ,  a s t e a d y  s t a t e  i s  d e c l a r e d  and t h e  

computa t ion  i s  d i s c o n t i n u e d .  

Other  changes  have been made i n  t h e  mechanics  o f  SEPHIS-MOD4 which 

ex tend  i t s  a b i l i t i e s .  A t  any t i m e ,  t h e  i t e r a t i v e  procedure  can  h e  

i n t e r r u p t e d  so t h a t  a new set of c o n d i t i o n s  can  b e  s p e c i f i e d .  

a b i l i t y  i s  p a r t i c u l a r l y  u s e f u l  i n  mimicking expe r imen ta l  t r i a l s  where 

t h e  f l o w  ra tes  may be changing  q u i c k l y .  

i n t o  s e c t i o n s  which d e a l  b a s i c a l l y  w i t h  t h e  g e n e r a l  mathemat ics  of  s o l v e n t  

e x t r a c t i o n  and s e c t i o n s  which p e r t a i n  t o  t h e  Purex  p r o c e s s .  T h i s  w a s  done 

s p e c i f i c a l l y  t o  a i d  i n  t h e  f u t u r e  i n c l u s i o n  of t h e  Thorex p r o c e s s ,  bu t  

t h e  new o r g a n i z a t i o n  of t h e  program i s  e a s i l y  adap ted  f o r  u s e  w i t h  o t h e r  

sys tems.  S i m i l a r l y ,  k i n e t i c s  s u b r o u t i n e s  have been w r i t t e n  f o r  t h e  

r e d u c t i o n  of p lu tonium,  b u t  t h e y  a l s o  a l l o w  t h e  e a s y  i n s e r t i o n  of i n t e g r a t e d  

r a t e  e q u a t i o n s  f o r  many chemical  reaction..;. 

T h i s  

The program has been s e p a r a t e d  



2 . 2  SEPH'IS-MOD1 

SEPHLS-MOD1, w r i t t e n  by W .  S.  G r o e n i e r ,  was t a i l o r e d  f o r  u s e  w i t h  

LMFBK f u e l s .  The b a s i c  model and r e l a t e d  e q u a t i o n s  l o r  t h e  p r o c e s s  

equipment w e r e  p r e v i o u s l y  proposed by J .  T .  L o s ~ e . ~  

t h a t  t h e  volume of  t h e  mixing chamber i s  a n  i n s i g n i f i c a n t  f r a c t i o n  of 

t h e  s t a g e  volume. T h i s  assumption i s  used  t o  se t  t h e  amount of s o l u t e  

t h a t  e n t e r s  a mixer  e q u a l  t o  tlici amount t h a t  r x i t s .  By s u b s t - i t u t i n g  

acco rd ing  t o  Eq. ( 3 ) ,  and f o r  t h e  unknown o r g a n i c  c o n c e n t r a t i o n ,  

s o l v i n g  f o r  x t h e  f i n a l  form of: the e q u a t i o n  i s  found.  T h i s  f i n a l  

T h i s  model assumes 

'i, j 

i , j '  
e q u a t i o n  g i v e s  a v a l u e  f o r  x i n  terms of  known q u a n t i t i e s :  i , j  , t + A t  

The se t t le rs  in SEPHIS-MODI a re  n o t  suhdi.vi.ded i n t o  zones as  i n  

SEPHIS-MOiI4. P l u g  f l o w  i s  assumed i n  t h e  s e t t l e r s  s o  t h a t  t h e  

c o n c e n t r a t i . o n s  l e a v i n g  t h e  mixer  a t  a c e r t a i n  t i m e  increment  are  t h e  

same as  t h o s e  ent:ering t h e  n e x t  mixes f o r  t h e  n e x t  t i m e  increment .  

S i n c e  t h e  holdup f o r  e a c h  s t a g e  l i e s  tota1.l.y w i t h i n  [:he s e t t l e r s ,  

t h e  mathematics  of  t h e  program can  b e  d e s c r i b e d  most a c c u r a t e l y  a s  

sirnulati-ng t h e  a c t i o n s  o f  a b a t c h ,  c o u n t e r c u r r e n t  procedure  u s i n g  

s e p a r a t o r y  f u n n e l s .  A l l  t h e  streams r e s u l t i n g  from each  c o n t a c t  ( t i m e  

i n t e r v a l )  are  mixed u n t i l  e q u i l i b r i u m  i s  a c h i e v e d .  The p h a s e s  are  

s e p a r a t e d  and passed  on t o  t h e  n e x t  s t a g e .  A d d i t i o n a l  holdlip f o r  a 

p a r t i c u l a r  s t a g e  i s  s i m u l a t e d  by c r e a t i n g  a s t r e a m  from the  se t t l e r  

back t o  t h e  mi.xer. I n  t h i s  way, t h e  c o n c e n t r a t i o n  i n  a s t a g e  i s  

a f f e c t e d  by t h e  s t a g e  c o n c e n t r a t i o n  d u r i n g  tihc p r e v i o u s  p o i h t  i n  t i m e .  

The e x p l i c i t  t i m e  dependence of t h e  basi.c m a s s  ba l ance  e q u a t i o n  

w a s  e s s e n t i a l l y  removed when t h e  mixer  volume w a s  n e g l e c t e d .  A s  a 

r e s u l t ,  t h e  t r a n s i e n t  c a l c u l a t i . o n s  proceed i n  t i m e  i n t e r v a l s  e q u a l  t o  

t h e  minimum r e s i d e n c e  t i m e  s p e c i € i e d  for a s t a g e  i n  t h e  bank. 

Because o f  t h e  approximat ions  made concern ing  t h e  mixer  vol.ume 

and t h e  l a r g e  t i m e  i - n t e r v a l  einployed, t h i s  approach  g i v e s  a r e l a t i v e l y  

c r u d e  model of  t h e  t r a n s i e n t  b e h a v i o r .  The s t e a d y - s t a t e  resul.ts, 

however,  are n o t  s i g n i f i c a n t l y  i n f l u e n c e d  by t h e s e  f a c t o r s .  The 
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cnJcul  a t e d  s t e a d y - s t a t e  c o n c e n t r a t i o n s  i n  SEPBIS-MOD1 iire most 

a f f e c t e d  by t h e  c o r r e l a t i o n s  used  t o  c a l c u l a t e  d i s t r i b u t i o n  

c o e f f i c i e n t s  and by t h e  convergence c r i t e r i o n  used t o  de t e rmine  when 

s t e a d y  s t a t e  h a s  been ach ieved .  

The SEPHIS-MOD1 program employed t h e  d i s t r i b u t i o n  coeEEic ien t  

c o r r e l a t i o n s  developed by D. E .  Horner . These c o r r e l a t i o n s  were based 

on a f i t t i n g  of  e x p e r i m e n t a l  d a t a  t o  t h e  form 

where 
[ uo2 (NO3) 2TBP 1 

[ T J O ~ ~ ]  [TBPI 2 .  K: = 

S i m i l a r  e q u a t i o n s  w e r e  used f o r  p lu tonium and n i t r i c  a c i d .  The 

f i t t i n g  of K: w a s  o n l y  v a l i d  f o r  15% TBP and 25°C due  t o  t h e  l i m i t e d  

d a t a  employed. 

The s t e a d y - s t a t e  convergence c r i t e r i o n  w a s  based on a n  o v e r a l l  

material  b a l a n c e  f o r  t h e  c o n t a c t o r .  When t h e  amounts of each  s o l u t e  

t h a t  f lowed o u t  of t h e  c o n t a c t o r  e q u a l l e d  t h e  amounts t h a t  f lowed i n  
( w i t h i n  s p e c i f i e d  l i m i t s ) ,  a s t e a d y  s t a t e  w a s  d e c l a r e d  and t h e  

c a l c u l a t i o n  was d i s c o n t i n u e d .  T h i s  i s  a n e c e s s a r y  , but  i n s u f f i c i e n t  , 
c r i t e r i o n  f o r  t h e  s t e a d y - s t a t e  d e t e r m i n a t i o n .  T h i s  c r i t e r i o n  can  b e  

s a t i s f i e d  even  though 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  i n d i v i d u a l  s t a g e s  

are still changing.  

2 . 3  SEPHIS-MOD2 

G. L .  Richardson  w r o t e  SEPHIS-MOD2, t h e  second v e r s i o n  of  the 

SEPHIS program. SEPHIS-MOD2 r e t a i n e d  t h e  b a s i c  model of  a s o l v e n t  

e x t r a c t i o n  sys tem and t h e  convergence c r i t e r i o n  from SEPHIS-MOD1. A 

new set of  c o r r e l a t i o n s  w a s  used  t o  c a l c u l a t e  t h e  d i s t r i b u t i o n  

c o e f f i c i e n t s .  The new c o r r e l a t i o n s  w e r e  based on K as d e f i n e d  by 
11 

- 2  [ uo2 (NO3) * 2TBP I 
- = K;[NO3] , 

[UO12]  [TBP] KU - 

r a t h e r  t h a n  Kl1. 
t e m p e r a t u r e s  o t h e r  t h a n  2 5 ° C  and TBP c o n c e n t r a t i o n s  o t h e r  t h a n  15%. 

The new c o r r e l a t i o n s  a l s o  a l lowed the u s e r  t o  s p e c i f y  
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2 . 4  SEPHIS-MOD3 

S.  B .  Watson and K .  H .  Rainey wro te  t h e  t h i r d  v e r s i o n  of SEPHIS 

(SEPHIS-MQD3). They changed t h e  d i s t r i b u t i - o n  c o e f f i c i e n t  c o r r e l a t i o n s  

a g a i n ,  w h i l e  r e t a i n i n g  t h e  model and s t e a d y - s t a t e  c r i . t e r i o n  of  SEPHTS-MOD1. 

The s a l t i n g  e f f e c t s  of i n e x t r a c r a b l e  n i t r a t e  s a l t s  w e r e  i n c l u d e d  i n  t h e  

c o r r c l - n t i o n s .  Ln a d d i t i o n ,  p r o v i s i o n s  f o r  a plutonium r e d u c t a n t  w e r e  

p rovided  by t h e  u s e  O F  "negat ive"  p lu tonium c o n c e n t r a t i o n s .  All 

c a l c i i l a t i o n s  w e r e  conve r t ed  t o  use molal u n i t s  ~ which al lowed t h e  program 

t o  d i s r e g a r d  t h e  changes i n  volume due  t o  changes i n  c o n c e n t r a t i o n .  The 

t empera tu re  profi1.e i n  t h e  c o n t a c t o r  can a l s o  b e  c a l c u l a t e d  by SEPHIS-MOD3. 

2 . 5  SOLVEX 

While t h e s e  changes were b e i n g  made t o  the SEPHIS program, t h e  

SOLVEX program was b e i n g  developed by W. C .  S c o t t e n .  The SOLVEX program 

i s  desi-gned t o  siiiiul.ate t r a n s i e n t  and s t e a d y - s t a t e  b e h a v i o r  i n  a g e n e r a l  

s o l v e n t  e x t r a c t i o n  system. Because t h e  program can  b e  employed f o r  

p r o c e s s e s  o t h e r  t:han t h e  Purex system, c o r r e l a t i o n s  f o r  d i . s t r i bu t j . on  

c o e f f i c i e n t s  a r e  n o t  i n c l u d e d .  The u s e r  i s  expec ted  t o  p rov ide  t a b l e s  

o f  d i s t r i b u t i o n  d a t a  o r  e q u a t i o n s  f o r  t h e  regi-ons of i n t e r e s t .  

The conceptua l  model used by t h e  SOLVEX program i s  s i m i l a r  t u  

t h a t  used  by SEPHTS-MOD4, which i s  showi i n  F i g .  1. Each s e t t l e r  may 

be d i v i d e d  i n t o  any number of  well-mixed zones t o  prov ide  an  ad jus tmen t  

between p lug  and well-mixed f l o w  i n  t h e  s e t t l e r s .  Product  streams 

are  al lowed o n l y  i n  t h e  f i r s t  and l a s t  s t ages  of  t h e  c o n t a c t o r .  It was 

assumed t h a t  t h e  vo lumet r i c  phase  r a t i o  i n  t h e  mixers  i s  equal. t o  t h e  

f l o w  r a t i o  through t h e  mixer .  T h i s  assumpt ion  i.s op t iona l .  i n  

SEPBIS-MOD4. 

'The e q u a t i o n s  used  t o  s imul .a te  t h e  movement of  t h e  s o l u t e s  th rough 

t h e  c o n t a c t o r  a r e  d i f f e r e n t  from t h o s e  of  SEPHIS-MOD4. S l i a r t i ng  w i t h  

E q .  (2), a f i n i t e  d i f f e r e n c e  method i s  used t o  eva l -ua t e  t h e  d e r i v a t i v e s  

as 

dx . - - x  . 
1 , j  = ? > j , t + A t  i , J  , t  
d t  a t  
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a r e  e v a l u a t e d  a t  t i m e  t .  The v a l u e s  i, j+ l  T h e  v a l u e s  f o r  x i ,  j-l and y 

f o r  x and y a re  e v a l u a t e d  by 
i , j  i ,j 

By r e p l a c i n g  t h e s e  i n  Eq. ( 6 ) ,  and s u b s t i t u t i n g  f o r  t h e  unknown 

o r g a n i c  c o n c e n t r a t i o n  a c c o r d i n g  t o  

O j + l Y i ,  j + l ,  t + O f j Y f i , j  
- + (1-E) 9 

f . j Y i , j  - EDxi, j , t + A t  Oj+l  + O 

t h e  f i n a l  form of t h e  S O L V E X  m a s s  b a l a n c e  i s  found:  

X i , j  , t + A t  = { v m a x i , j , t  + VmoYi,j , t  - [ vmo (1-E) 

The c o n c e n t r a t i o n  f o r  each  s e t t l e r  zone,  k ,  i s  e v a l u a t c d  by the SOLVEX 

program u s i n g  t h e  e q u a t i o n :  
A t N A .  
_I - J. 

sa 2v i,j,k,t)fxi,j,k,t + x  - x  ( x i , j  , k - l , t + A t  i , j  , k - l , t  
- - 

AtNh I X i , j  , k , t+At  
. I  

sa 2v 1 +  

The s t e a d y - s t a t e  c r i t e r i o n  used i n  t h e  S O L V E X  program is  s i m i l a r  

t o  t h a t  of SEPHIS-MOD1 . I n  a d d i t i o n  t o  checking  t h e  o v e r a l l  m a s s  b a l a n c e  

f o r  t h e  c o n t a c t o r ,  t h e  SOLVEX program sets a l i m i t  f o r  t h e  r a t e  of 

change i n  t h e  t o t a l  i n v e n t o r y  o f  each  s o l u t e .  I n  f a c t ,  t h e s e  two 

c r i t e r i a  a r e  e q u i v a l e n t  and show l i t t l e  improvement o v e r  SEPHTS-MOD1. 
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I n  summary, t h e  SEPHIS program h a s  been modif ied s e v e r a l  Lirues 

s i n c e  i t s  i n c e p t i o n .  The e a r l y  m o d i f i c a t i o n s  d e a l t  p r i m a r i l y  w i t h  

t h e  c o r r c - l a t i o n s  used t o  c a l c u l a t e  t h e  d i s t r i b i i t j o n  c o e f f i c i e n t s .  

The SOLVEX program addres sed  o n l y  t h e  s o l v e n t  e x t r a c t i o n  p o r t i o n  of 

t he  problem. SEPHIS-MOD4 b u i l d s  upon a l l  of  t l i i x s e  programs t o  

a c h i e v e  n b e t t e r  siiiiul a t i o n  of t h e  s o l v e n t  e x t r a c t i o n  p o r t i o n  of  t h e  

Piirex p r o c e s s .  Although t h e  compuccr program h a s  undergone s e v e r a l  

changes,  t h e  o r i g i n a l  g o a l  h a s  remained t h e  s a m e .  

3 .  RESULTS OF THE SEPHIS MODIFTCXTIQNS 

To de te rmine  whether SEPHIS-MOD4 i s  an improvement o v e r  SEPHIS-MOD3, 

several .  comparisons w e r e  made between t h e  two v e r s i o n s .  The a b i l i t y  

of  t h e  program t o  model t h e  behav io r  o€ s o l v e n t  e x t r a c t i o n  systems i s  

t h e  most impor t an t  comparison.  S i n c e  SEPHIS i s  i n t e n d e d  t o  s i m u l a t e  

dynamic and s t e a d y - s t a t e  r e s u l t s ,  b o t h  t r a n s i e n t  and s t e a d y - s t a t e  

expe r imen ta l  d a t a  were compared w i t h  t h e  p r e d i c t q d  r e s u l t s .  AI-though 

a c c u r a t e  r e s u l t s  a re  d e s i r e d ,  c o n s e r v a t i o n  of computer t i m e  ( o r  c o s t )  

i s  a l s o  a C o n s i d e r a t i o n .  

3 .1  S teady-S ta t e  P r e d i c t i o n s  

Fl-owsheet t e s t i n g  is  one of t h e  p r imary  u s e s  of the SEPHIS program, 

so a c c u r a t e  p r e d i c t i . o n  of s t e a d y - s t a t e  c o n c e n t r a t i o n  p r o f i l e s  i s  v e r y  

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

are used by t h e  two v e r s i o n s  of SEPHIS, t h e  s t e a d y - s t a t e  r e s u l t s  shou ld  

al .so be i d e n t i c a l .  Due t o  a change i.11 t h e  convergence c r i t e r i o n ,  

however, t h e  computed r e s u l t s  d i f f e r .  

I n  a l l  p r e v i o u s  v e r s i o n s  of  S'EPHIS, t h e  convergence c r i t e r i o n  i s  

based on a m a s s  b a l a n c e  around t h e  e n t i r e  system. 'The mod i f i ed  v e r s i o n  

c o n s i d e r s  t h a t  s t e a d y  s t a t e  i s  ach ieved  when tiie change i n  t h e  i n v e n t o r y  

of  each mixer i s  l e s s  t h a n  a user-def  ined t o l e r a n c e .  T h i s  n e c e s s a r i l y  

i n c l u d e s  t h e  m a s s  ba lnnce  around tiie e n t i r e  system. 

The d i f f e r e n c e  i n  t h e s e  convergence c r i t e r i a  l e a d s  t o  a 

d i s c r e p a n c y  between t h e  p r e d i c t e d  s t e a d y - s t a t e  r e s u l t s ,  F i g u r e  3 

shows t h e  two p r e d i c t e d  p r o f i l e s  w i t h  the experimental-  d a t a  p o i n t s .  
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STAGE NO 
F i g .  3 .  A coniparison of t he  s t e a d y - s t a t e  concentration prof  i l r s  

p r e d i c t e d  by SEPHIS-MOD3 and SEPHIS-MOD4. 
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While t h e  p r e d i c t i . o n s  a re  v e r y  s i m i l a r  i n  t h e  e x t r a c t i o n  s e c t i o n  

( s t a g e s  17-32),  a f a c t o r  of t e n  d i f f e r e n c e  i s  found i n  t h e  s t r i p p i n g  

s e c t i o n  ( s t a g e s  1 - 1 6 ) .  The convergence c r i t e r i o n  f o r  SEPHIS-MOD4 

h a s  been improved from a t h e o r e t i c a l  v i e w p o i n t ,  and t h e  improvement 

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

These d i f f e r e n c e s  demons t r a t e  t h e  i.iiiportance of t h e  change. 

FCgure 3 a l s o  i1lust : ra tes  t h e  d i s c r e p a n c y  between e i t h e r  form 

of  SEPIIIS and t h e  expe r imen ta l  d a t a .  D i f f e r e n c e s  between t h e  c a l c u l a t e d  

and expe r imen ta l  c o n c e n t r a t  i o n s  a r e  expec ted  i n  any s i m u l a t i o n  model. 

These d i f f e r e n c e s  r e s u 3 t  from i n a c c u r a c i e s  i n  t h e  e x p e r i m e n t a l  d a t a  

and i n  t h e  s i m u l a t i o n  of res1 c o n t a c t o r s  by t h e  programs. The d a t a  

p o i n t s  i n  t h e  e x t r a c t i o n  s e c t i o n  ( s t ages  17-32) show t h e  same 

l i n e a r i - t y  as  seen  i n  t h e  p r e d i c t i o n s ;  however, t h e  s l o p e  i s  v e r y  

d i f f e r e n t .  A ca re fu l .  i -nspect ion of  t h e  d a t a  i n d i c a t e s  t h a t  f h e  problem 

p robab ly  1.ies i n  t h e  chemical  a n a l y s i s  of t h e  aqueous f e e d  stream 

a c i d i t y .  A lower a c i d i t y  would resu1.t i n  a p r e d i c t e d  c u r v e  t h a t  would 

be much more comparable w i t h  t h e  d a t a .  The s t r i p  s e c t i o n  ( s t a g e s  1-16) 

was p r e d i c t e d  f a i r l y  w e l l ,  e s p e c i a l l y  i n  t h e  r e g i o n  of h i g h  c o n c e n t r a t i o n .  

The d i f f e r e n c e s  betweeri t h e  d a t a  and t h e  p r e d i c t e d  v a l u e s  may be  due  

t o  s t a g e  i n e f f i c i e n c i . e s ,  i n a c c u r a t e  f l o w  r a t e  measurements, o r  i-riaccurate 

d i s t r i b u t i o n  coeEfi.ci.ent c o r r e l a t i . o n s .  However, t h e  impor t an t  c o n c l u s i o n  

r ema ins ;  t h a t  i s ,  t h e  convergence c r i t e r i o n  used by SEFHIS-MOD4 i s  

a n  improvement ove r  t h a t  of SEPHIS-MOD3. 

3.2 T r a n s i e n t  Behavior 

The mechanics of the program have been drainat i .cal ly  changed, 

r e s u l t i n g  i n  s u p e r i o r  per Eormance d u r i n g  t r a n s i . e n t  p e r i o d s .  In t h e  

expe r imen ta l  m i x e r - s e t t l e r  used f o r  t1i.i.s comparison, t h e  f low r a t e s  o f  

t h e  i n p u t  streams d r i f t e d  randomly due  t o  problems w i t h  t h e  f l o w  

c o n t r o l .  'These changes produced t r a n s i e n t  p e r i o d s  i n  t h e  m i x e r - s e t t l e r  

bank o f t e n  enough t h a t  t h e  system never  ach ieved  s t e a d y - s t a t e  o p e r a t i o n .  

The Wntaon and Rainey v e r s i o n  o f  SEPHIS c a l c u l a t e s  s t r i c t l y  

from t h e  i n i t i a l  p r 0 f i l . e  u n t i l  a s t e a d y  s t a t e  i.s ach ieved .  The program 

simply w a s  n o t  des igned  t o  f o l l o w  experimental1.y measured changes i n  

f low ra tes .  A t r a n s i e n t  c u r v e  f o r  SEPHIS-MOD3 can show o n l y  a n  

asymptot-ic approach t o  a f i n a l .  s t e a d y - s t a t e  v a l u e .  
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With SEPHIS-NOU4, one i s  a b l e  t o  s t o p  t h e  c a l c u l a t i o n  f o r  one 

set  of f low rates  a t  any t i m e  and t h e n  r e s t a r t  t h e  computa t ion  w i t h  c~ 

d i f f e r e n t  se t .  F i g u r e  4 d e p i c t s  a c u r v e  p r e d i c t e d  by SEPHIS-MOD4 

u s i n g  e x p e r i m e n t a l l y  measured f low rates ,  a long  w i ~ h  t h c  d a t a  p o i n t s  

f o r  t h e  t r a n s i e n t  p e r i o d .  This c u r v e  e x h i b i t s  t h e  time d e l a y s  and 

c u r v e  shapes  found i n  t h e  d a t a .  The mechanics  o f  SEPNLS-MOD4 a l l o w s  

t h e  u s e r  t o  more c l o s e l y  m i m i c  expe r imen ta l  d a t a  du r  i.ng t r a n s i e n t  

p e r i o d s .  

3.3 I n t e g r a t i o n  Technique 

The i n t e g r a t i o n  t e c h n i q u e  used by SEPHIS-MOD4 y i e l d s  more 

r e a s o n a b l e  r e s u l t s  d u r i n g  t r a n s i e n t  p e r i o d s .  With t h e  methods used by 

t h e  p r e v i o u s  v e r s i o n s  of SEPHIS, t h e  c a l c u l a t e d  r e s u l - t s  o f t e n  e x h i b i t e d  

p a i r e d  p o i n t  behav io r .  A t  t h p  s t a r t  of a t r a n s i e n t  case, p a r t i c u l a r l y  

n e a r  t h e  f e e d  p o i n t ,  t h e  computed c o n c e n t r a t i o n s  would show a l a r g e  

i n c r e a s e  o v e r  one time i n t e r v a l  fo l lowed by a. s m a l l  i n c r e a s e  o r  

d e c r e a s e  d u r i n g  t h e  n e x t  t i m e  i n t e r v a l .  

making t h e  p o i n t s  appear  i n  p a i r s  r a t h e r  t h a n  a s  t h e  expec ted  smooth 

c u r v e .  An example o f  t h i s  p a i r e d  p o i n t  behav io r  can  b e  found on page 37 

of re f .  2. The p lu tonium c o n c e n t r a t i o n  o-E s tage G i n  t h i s  examp1.e i s  

reproduced i n  F ig .  5. These r e s u l t s  are  caused  by t h e  model used by 

t h e  program and t h e  i n t e g r a t i o n  t e c h n i ~ q u e  d e r i v e d  from t h e  model.. 

Although t h i s  shou ld  n o t  a f f e c t  t h e  s t e a d y - s t a t e  r e s u l t s ,  t h e  t r a n s i e n t  

r e s u l t s  are  c l e a r l y  i n  e r r o r .  

of SEPHIS-MOD4 t end  t o  precl-ude such  e r r o r s .  

T h i s  p a t t e r n  would be r e p e a t e d ,  

The model and t h e  i n t e g r a t i o n  t e c h n i q u e  

3 . 4  R e p r e s e n t a t i o n  of  M i x e r - S e t t l e r s  

The model of t h e  s o l v e n t  e x t r a c t i o n  equipment emp1 oyed i n  SEPHTS-PIOTI~ 

p roduces  a b e t t e r  r e p r e s e n t a t i o n  of m i x e r - s e t t l e r s .  

TBP-ni t r ic  a c i d  system w a s  completed by <James E .  H a l l i g a n  and Morton 

Smutz. T h i s  s t u d y  compared e x p e r i m e n t a l  r e s u l t s  w i t h  ma themat i ca l  

models of  a m i x e r - s e t t l e r  sys tem.  

A s t u d y  w i t h  a 

H a l l i g a n  and Smutz d e s c r i b e d  t h e  model used by t h e  p rev ious  

v e r s i o n s  o f  SEPHIS as a n  e q u i l i b r i u m  model. T h i s  model e s s e n t i a l l y  

c o n s i d e r s  t h e  mixer and se t t le r  o f  a s t a g e  t o  be one cliarAber. The phases  
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curve predi-cted by SEPHIS-MOD4 w i t h  experimental data p o i n t s .  
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Waving A p p l i c a t i o n  t o  t h e  Kepr-ocessing o f  LMFBR F u e l s ,  I OKN1,-4746 
( A p r i l  1 9 7 6 ) ,  p .  3 7 .  



are  p e r f e c t l y  mixed and a re  i.n chemical  e q u i l i b r i u m .  'This model w a s  

found t o  produce good r e s u l t s  when o n l y  a mixer was s t u d i e d .  Elowever, 

when b o t h  a mixer and a s e t t l e r  were s t u d i e d ,  t h i s  model produced t h e  

p o o r e s t  resul ts  of all t h e  ma themat i ca l  forms t e s t e d  f o r  b o t h  t'ne 

aqueous and o r g a n i c  phases .  

The model. used by SEPHIS-MOD4 i.s a compromise between what H a l l ~ i g a n  

and Smutz c a l l  a plug-flow model and a p e r f e c t l y  mixed model. I n  

b o t h  of t h e s e   model.^, t h e  mixer i s  s e p a r a t e d  from t h e  s e t t l e r .  P e r f e c t  

mixing i s  assumed i n  t h e  mixer .  The plug-f low model p o s t u l a t e s  t h a t  t h e  

s e t t l e r  h a s  no a g i t a t i o n  and t h e  phases  e x p e r i e n c e  pJ.ug f low th rough  

t h e  s e t t l e r .  The p e r f e c t l y  mixed model assumes t h a t  each phase i s  

homogeneously mixed i n  i t s  p o r t i o n  o f  t h e  s e t t l e r .  'Their  s t u d y  found 

t h a t  t h e  aqueous phase w a s  b e s t  p r e d i c t e d  by tlie p e r f e c t l y  mixed model., 

w h i l e  t h e  o r g a n i c  phase  fol lowed a plug-fl.ow r e s p o n s e  c m v e .  The 

d i f E c r e n c e  was a t t r i b u t t i d  t u  t h e  f a c t  t h a t  t h e  aqueous phase  w a s  t h e  

con t inuous  phase i n  t l ie s e t t l e r .  Thi-s i.s n o t  always t h e  c a s e  i n  

m i x c r - s e t t l e r s ,  so t h e  r e s u l t s  could e a s i l y  'nave been r e v e r s e d  i f  t h e  

o r g a n i c  had been t h e  c o n t i n u o u s  phase .  The compromise made by SEPHTS-MOD4 

u s e s  t h r e e  p e r f e c t l y  mixed zones f o r  t h e  s e t t l e r .  O r i e  such zone would 

be t h e  same as  t h e  p e r f e c t l y  mixed  model.^ w h i l e  a n  i n f i n i t e  number of 

t h e s e  zones would d e s c r i b e  t h e  plug,-fl.ow model. 'l'he iise of t h r e e  

zones  w a s  chosen a r b i t r a r i l y  i n  a n  e f f o r t  t o  l i m i t  computer c o r e  

usage .  I n  any c a s e ,  bo th  t h e  plug-f low model and t h e  p e r f e c t l y  mixed 

model w e r e  si.gn i f  i c a n t l y  b e t t e r  t h a n  t h e  e q u i l . i b r  ium model. It i s  

r e a s o n a b l e  t o  b e l i e v e  t h a t  t h e  comprorrii.se employed by SEPHLS-MOD4 

w i l l  perform a t  least  as  w e l l  a s ,  and p robab ly  b e t t e r  t h a n ,  e i t h e r  

of t h e  i d e a l i z e d  models. 

3.5 Computer T i m e  Consumption 

Cons ide r ing  b o t h  t r a n s i e n t  and s t e a d y - s t a t e  ca l . cu la t ions ,  

SEPHIS-MOD/t can more c l o s e l y  m i m i c  experi.inenta1 d a t a .  However, t h i s  

advan tage  shou1.d be  weighed a g a i n s t  t h e  concomitant  ihcrease i n  computer 

c o s t s .  The Runge-Kutta b t e g r a t i o n  method t a k e s  more computer t ime  

s i n c e  more c a l c u l a t i o n s  a r e  performed.  S e v e r a l  computer were 

made f o r  a 32-stage c o n t a c t o r .  The computer u sage  w a s  h e a v i l y  dependent 
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on t h e  f r equency  of p r i n t i n g  p r o f i l e s .  When p r o f i l e s  were p r i n t e d  

once e v e r y  20  t i m e  i n t e r v a l s ,  SEPHIS-MOD'? w a s  a b l e  t o  complete  1 9  t i m e  

i n t e r v a l s  p e r  second of e x e c u t i o n  t i m e .  Under c o n p a r a b l e  c o n d i t i o n s ,  

SEPHIS-MOD4 f i n i s h e d  o n l y  seven  t i m e  i n t e r v a l s .  When t h e  program w a s  

t o  p r i n t  e v e r y  c a l c u l a t e d  p r o f i l e ,  SEPHTS-PIOD3 completed s i x  t i m e  

i n t e r v a l s  p e r  second whil  e SEPHIS-MOD4 f i n i s h e d  o n l y  two. Thus,  one 

s a c r i f i c e s  some computing speed f o r  t h e  g a i n  i n  a c c u r a c y  u s i n g  

SEPHIS-MOD4. 

I n  SEPHIS-MOD4, obe may s e l e c t  a faster  i n t e g r a t i o n  t echn ique .  

Although s l i g h t l y  s lower  t h a n  SEPHIS-MOD3, t h i s  a l t e r n a t i v e  i n t e g r a t i o n  

scheme i s  a t  least  t w i c e  a s  f a s t  as t h e  Kunge-Kutta method. T h i s  

f a s t e r  i n t e g r a t i o n  method shou ld  c e r t a i n l y  be s e l e c t e d  when a c c u r a t e  

t r a n s i e n t  r e s u l t s  are n o t  r e q u i r e d .  

It should b e  noted t h a t  SEPHIS-MOD4 w i l l  consume add i t i o n a l  

amounts of t ime  i f  t h z  r e d u c t i o n  of  plutonium is used .  T h i s  i s  due  

t o  t h e  u s e  o f  t h e  k i n e t i c s  r o u t i n e s  which w e r e  n o t  a v a i l a b l e  i n  t h e  

p r e v i o u s  v e r s i c n s  of SEPHIS. 

SEPHIS-PIOD3 i s  a b l e  t o  produce r e s u l t s  more q u i c k l y .  However, 

t h e  a d d i t i o n a l  t i m e  s p e n t  by SEPHIS-MOD4 i s  d u e  t o  i t s  a d d i t i o n a l  

capabilities and a c c u r a c y .  

4 .  CONC%IJSlONS 

SEPHIS-MOD[+ i s  an improved model. o f  t h e  Purex s o l v e n t  e x t r a c t  ion 

system. When compared w i t h  p r e v i o u s  models,  i t  p r o v i d e s  b e t t e r  s t e a d y -  

s t a t e  r e s u l t s  f o r  f l o w s h e e t  t e s t i n g  because  of  a r e v i s e d  convergence 

c r i t e r i o n .  It i s  also b e t t e r  able t o  m i m i c  a c t u a l .  r u n  c o n d i t i o n s  

d u r i n g  t r a n s i e n t  p e r i o d s  because  of t h e  rnechanics of t h e  program. 

The i n t e g r a t i o n  technique. used by SEPHIS-MOD4 produces  more r e a s o n a b l e  

r e s u l t s  d u r i n g  t r a n s i e n t  p e r i o d s .  I n  add-i . t ion,  t h e  model of t h e  

s o l v e n t  e x t r a c t i o n  equipment empl.oyed i n  t h e  program b e t t e r  r e p r e s e n t s  

t h e  o p e r a t i c n  of  mixer-settlers. U n f o r t u n a t e l y ,  t h e  Kunge-Kutta 

i n t e g r a t i o n  used by SEPHIS-MOI)4 d o e s  i n c r e a s e  t h e  amount of computer 

t i m e  r e q u i r e d  by t h e  program, but  t h i s  i s  usua1l.y n o t  a n  impor t an t  

c o n s i d e r a t i o n .  
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5 APPENDIX 

Tab1 e (1 f Nomenclature 

V a r i a b l e s  __-____ 
A 

D 

E 

K 

K' 

N 

O 

t 

V 

X 

Y 
S u b s c r i p t s  

a 

f 

i 

___- 

j 

k 

m 

0 

u 

Aqueous f l o w  r a t e  ( l i t e r s / m i n )  

Distr i hu t  ion c o e f f i c i e n t  

Mixer ef E i c i e n c y  

Pseudo mass e q u i l i b r i u m  const-ant 

Pseudo mass e q u i l i b r i u m  c o n s t a n t  

Number o f  zones in a se t t l e r  

Organic  flow r a t e  ( .Liters/min) 

T i m e  (min) 

Volume ( l i t e r s )  

Aqueous-phase s o l u t e  c o n c e n t r a t  i o n  

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

Aqueous phase 

Feed stream 

S o l u t e  number 

S t a g e  number 

Zone number 

Mixer 

Organic. phase  

P roduc t  stream 

S e t t l e r  

P o i n t  I n  t i m c  

Uranium 





-23- 

6 .  REFERENCES 

5. 

6 .  

7 .  

8 .  

9. 

A. D. M i t c h e l l ,  SEYHIS-MQD4r .I__- A I J se r ' s  Manual to ___I_ a Revised Model of 
__ the Purex  S o l v e n t E x t r a c t i o n  System, - .- .. ORNL-5471 ( i n  p r e p a r a t i o n ) .  

If. S .  G r a e n i e r ,  C a l c u l a t i o n  of t h e  T r a n s i e n t  Behavior  of a Di lu t e_  
Purex  So lven t  E x t r a c t i o n  Yrocess  Having A p p l i c a t i o n  t o  t h e  
- Reprocess ing  of LMFBR F u e l s ,  ORXL-4746 ( A p r i l  1 9 7 2 ) .  

G.  L.  Richardson ,  E f f e c t  (3 E High Solven t  I r r a d i a t i o n  Exposures- 
on TBP P r o c e s s i n g  of Spent  LMFBR F u e l s ,  Hanford Eng inee r ing  
Development TAaboratory,  HEDL-TME 73-51 (June  1973) 

G .  L. Richardson  arid J .  Id. Swanson, Plutoni-urn P a r t i t i o n i n g  i n  t h e  
Purex  Yrocess  w i t h  Hydraz i n e - S t a b i l i z e d  Hydroxylarnhe Ni t ra te ,  
Hanford Eng inee r ing  Development Labora to ry ,  H E D i - T m  75-31 
( June  1 9 7 5 ) .  

S.  E .  Watson and It. [ I .  Rainey,  Modi r i en t ion  of t h e W i I S  Computer 
-. Code f o r  C a l c u l a t i n g  t h e  Purex So lven t  E x t r a c t i o n  System, 
OmL/TM-5123 (December 1975)  I 

W. C. S c o t t e n ,  Savannah River  Labora to ry ,  - SOLVEX - A Computer 
Program f o r  S i m u l a t i o n  of  S o l v e r ~ E x t r a c t i o n  P r o c e s s e s ,  DP-1391 
(September 1975) .  

J .  T .  Lowe, " C a l c u l a t i o n  of t h e  'Trans ien t  Behavior o f  Sol vent  
E x t r a c t i o n  P r o c e s s e s , "  I n d .  Eng. Chem. P r o c e s s  D e s .  Dev. I 7 ,  
362-66 ( J u l y  1968) .  

0. E .  Horner,  A Mathemat ica l  Model_-and a -IIIIC Computer Program f o r  
E s t i m i t i n g  D i s t r i E u t i z C o e f E i c i e n t s  fo_r Plutonium, Uranium, --1_1 and 
._ N i t r i c  A c i d  i n  E x t r a c t i o n s  --- with ._-~ Tri -n-buty l  Phosphate ,  - ORNL-TM-271.1 
(Februa ry  1 9 7 0 ) .  

J .  E. H a l l i g a n  and M. Smutz, " P r e d i c t i o n  of t h e  Approach t o  
Steady S t a t e  of a M i x e r - S e t t l e r  E x t r a c t o r , ' I  Sep .  S c i .  I ( 2  and 3 ) ,  
173-190 (1966) - 





-25- 

1. 
2 .  
3. 
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

so. 
11. 
1 2 ”  
13 .  
1.4. 

15-19 
20-29.  

30 .  
31. 
3 2 .  
33. 
3 4 .  
3 5 .  
36. 
3 7 .  

6 2 .  

63 -64 .  

65-66. 

6 7 .  

6 8 .  

69. 

7 0 .  

7 1 .  

7 2 .  

7 3 .  

c. w. 
J .  E .  
W .  D.  
D .  0 .  
D. J .  
J .  H .  
w.  s.  
R. T .  
A .  D. 
F. A4. 
L. J. 
C. E .  
R. E .  
J .  C .  
A. P .  
A .  D .  
L .  E .  
A .  D .  
H.  C .  
R. G. 
D. W. 
s. PI. 
v. c. 
B. L .  

Alexander  
Bigelow 
Burch 
Campbell 
C r ou se 
Goode 
Groenier  
Jub  i n  
K e l m e r  s 
Kappelmann 
King 
Lamb 
Leuz e 
Mai len  
Malinauskas 
M i  t c he 11 
Morse 
Ryo n 
Savage 
S t a c y  
Tedder 
T i e g s  
A. Vaughen 
Vond r a 

ORNL/TM- 6 5 6 5 
D i s t .  Ca tegory  UC-79c: 

I n t e r n a l  D i s t r i b u t i o n  

38 e 

39. 
4 0 .  
4 1 .  
4 2  
4 3 .  
4 4 .  
4 5  I 

4 6 .  
4 7 .  
4 8 .  
4 9 .  
5 0 .  
51 .  
5 2 .  
53. 
5 4 .  
5 5 .  
5 6 .  

57 -58 .  
59. 
6 0 .  
61.. 

S.  B e  Watson 
T. D .  Welch 

R .  G .  Wymer 
S .  Beard ( C o n s u l t a n t )  
Manson Benedic t  (Consu 1 t n n t )  
L. B u r r i s ,  J r .  (Consu l t an t )  
A. B .  Carson (Consul t a n t )  
6 .  R. Choppin ( C o n s u l t a n t )  
L. J. Colby, Jr .  (Consu l t an t )  
E .  L .  Gaden, J r .  (Consu l t an t )  
w. H. L e w i s  (Consu l t an t )  
A. Schneider  (Consu l t an t )  
L. E .  Swabli, J r .  (Consu l t an t )  
K. D .  Timmcrhaus (Consu l t an t )  
J .  S. T h e i l a c k e r  (Consu l t an t )  
ORNL Y - 1 2  T e c h n i c a l  L i b r a r y ,  
Document Rererence  S e c t i o n  
Labora to ry  Records ,  ORNL-RC 
Labora to ry  Records 
Cen t ra l  Research  L i b r a r y  
ORNL P a t e n t  Off ice  
Nucl e a r  S a f e t y  Informat ion  
Cent e r 

M. E.  WI1atlcy 

Ex te rna l  D i s  t r i  but  i o n  

D i r e c t o r ,  Reac tor  D i v i s i o n ,  DOE-ORO, P .  0.  Box E ,  Oak Ri.dge, 
TN 3 7 8 3 0  
D i r e c t o r ,  Divis i -on o f  Nuclear  Fue l  Cycle  and P r o d u c t i o n ,  
D O E ,  Washington,  D .  C .  20545  
D i r e c t o r ,  D i v i s i o n  of Reac to r  Research  and Development, DOE,  
Washington, D.  C. 20545  
M. L. B l e i b e r g ,  West inghouse E l e c t r i c  Corpora t ior i ,  Advanced 
R e a c t o r s  D i v i s i o n ,  Waltz M i l l  S i t e ,  P .  0. Box 158,  Madison, PA 15663 
Duane E. Clay ton ,  Bat te1l .e  F’ac.i.fic Northwest Labora to ry ,  P .  0 .  
Box 999, Richlnnd,  WA 99352 
Mart i n  F r e i d l a n d ,  G u l f  and Western Advanced Development and 
Eng inee r ing  C e n t e r ,  1011 Ches t e r  Road, Swartmore, PA 1.9081 
Frank J .  J o n e s ,  R e c h t e l  Corpora t ion ,  P .  0 .  Box 3 9 6 5 ,  San 
F r a n c i s c o ,  CA 94119  
B. F. Judson ,  V ice -p res iden t  . and Manager, GEUMCO-EngineFri-rig, 
175 Gur tne r  Avenue, Mn:i.1. Code 858, San J o s e ,  CA 95125  
R .  S .  Kari .nen, Programmed and Remote Systems Corporat ion. ,  
3 6 4 0  Lexington  Avenue, St. P a u l ,  TO? 5 5 1 1 2  
Robert  H.  Ka r l s son ,  Rockwell I n t e r n a t i o n a l ,  Atomics 1nte . rnat i .onal  
D i v i s i o n ,  .Rocky F l a t s  P l a n t ,  P .  0 .  Box 4 6 4 ,  Golden, CO 80401. 



-2s- 

7 4  2 

7 5  0 

7 6 ,  

77 .  

78. 

7 9 .  

80 .  

81. 

82-322" 

R .  E .  Mull-en, Aeroj et  Manufactur ing Company, 601 South  P l a c e i l t i a  
Avenue, P .  0. Box 4210, F u l l e r t o n ,  C A  92634 
L .  A. Neimark, Argonne N a t i o n a l  Labora to ry ,  9700 South Cass 
Avenue, Argonne, IT, 60439 
D .  E .  Wood, Kaiiian S c i e n c e s  C o r p o r a t i o n ,  1500 Garden of t h e  Gods 
Road, P .  0.  Box 7463, Colorado S p r i n g s ,  CO 80933 
Off ice  of A s s i s t a n t  l%nage.r, Energy Research and Development, 

Ral.ph Leonard,  Argonne N a t i o n a l  Labora to ry ,  9700 S o u t h  Cass 
Avenue, Argonne, 11, 60439 
Dennis E n g l e r ,  Gene ra l  Atomic C o r p o r a t i o n ,  P .  0. Box 81608, 
San Diego, CA 921.38 
Casey D u r s t ,  A l l i e d  Chemical C o r p o r a t i o n ,  550 Seco-nd S t r e e t ,  
Idaho Fa1.1.s, Idaho 83401 
G .  L. Richardson,  Hanford .Engineering Development Labora to ry ,  
P .  0. Box 1970,  R ich land ,  WA 99352 
Given dis t : t - ibut i -on as shown i n  TID-4500 under  UC-79c, F u e l  
Recycle  Category (Applied)  

DO E- 0 RO 


