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§&PHIS-MOD4: A USER'S MANUAL TO A REVISED MODEL OF THE PUREX _c__-.___ SOLVENT 
EXTRACTION SYSTEM 

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

ABSTKACT 

The SEPHIS computer program is a t o o l  Tor s i m u l a t i n g  t h e  
o p e r a t i o n  o f  m i x e r - s e t t l e r s  i n  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 the Purex  p r o c e s s .  SEPHIS-MOD4 i s  a new and s i g n i f i c a n t l y  
improved v e r s i o n  of  t h e  SEPHIS program. T h i s  r e p o r t  g i v e s  a 
d e t a i l e d  d e s c r i p t i o n  of how t h e  s o l v e n t  e x t r a c t i o n  sys tem is 
b e i n g  s i m u l a t e d  s o  t h a t  t h e  u s e r  can more f r i l l y  unde r s t and  t h e  
r e s u l t s  of t h e  program. Although i t  is  n o t  n e c e s s a r y  t o  r u n  t h e  
program, a n  e x p l a n a t i o n  o f  t h e  program's  mechanics  i s  g iven  t o  
h e l p  remove t h e  mystery  which u s u a l l y  su r rounds  computer c o d e s ,  
Due t o  t h e  f i n i t e  n a t u r e  of computers ,  several approximat i o n s  
and assumpt ions  were made t o  s i m p l i f y  t h e  sys tem so that a computer 
can  e a s i l y  handle t h e  p r o c e s s .  A d e s c r i p t i o n  of t h e s e  
approx ima t ions  i s  g iven  t o  h e l p  t h e  use r  oF t h e  program under s t and  
wbjr d i f f e r e n c e s  are found between t h e  p r e d i c t e d  and expe r imen ta l  
c o n c e n t r a t i o n s  i n  a sys tem,  I n  o r d e r  t o  r u n  t h e  progriliii, a 
d e s c r i p t i o n  o f  t h e  i n p u t  c a r d s  and some examples are given.  
SEPHIS-MOD4 i s  more f l e x i b l e  t h a n  t h e  p r e v i o u s  v e r s i o n s  of SEPWIS; 
t h u s ,  f a m i l i a r i t y  w i t h  some of  t h e  v a r i a b l e s  i s  h e l p f u l  i n  l i m i t i n g  
t h e  o u t p u t  t o  o n l y  t h e  d e s i r e d  r e s u l t s .  A l i s t i n g  of t h e  computer 
code i s  g i v e n  i n  t h e  append ices .  

-- 

I. THE CONCW'JTJAL AND MATIIENATJCAI, BASIS FOR SEVB IS-HOD4 

SEPNIS-MOD4 Ls an improved s i m u l a t i o n  o f  t h e  Purex  p r o c e s s  based  o n  

an  i d e a l i z e d  model f o r  m i x e r - s e t t l e r s  The components cons ide red  by 

SEPWTS-MOD4 are n i t r i c  a c i d  uranium, p lu toniurn( lV) ,  p lu to r~ ium(TI1)  

a p lu tonium r e d u c t a n t ,  and i n e x t r a c t a b l e  nitrate sal ts .  D i r f e r e n t i a l  

e q u a t i o n s  are used t o  d e s c r i b e  t h e  f l o w  of  t h e  s o l u t e s  th rough t h e  mode l ,  

Empi r i ca l  c o r r e l a t i o n s  de t e rmine  h o w  each  s o l u t p  is d i s t r i b u t e d  between 

t h c  aqueous  and o r g a n i c  p h a s e s .  Because a computer i s  a f i n i t e  machine,  

var ious  methods must b e  used  t o  b r e a k  the problem i n t o  segments whjch 

can  b e  handled  c o n v e n i e n t l y  by a computer.  

T h e  i d e a l  'zed model f o r  m i x e r - s e t t l e r s  thzL.. is used by SEPIIIS-KlfD4 

i s  d e p i c t e d  i n  F i g .  1. D e f i n i t i o n s  of the v a r i a b l e s  used are l i s t e d  i n  

Aprcndix B .  S o l u t e s  e n t e r  each  mixer v i a  aqueous and G 

strcams, t h e  aqueous stream from the  preceding  s t a g e  and t h e  o r g a n i c  

stream from t h p  succeed ing  s t a g e .  '!'hest? streams are mixed with the c o n t e n t s  
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of t h e  mixer  s o  t h a t  t h e  s o l u t e s  a c h i e v e  a n  z 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 .  Two s t r e a m s  leave each  mixer  and e n t e r  t h e  

f i rs t  of t h r e e  aqueous o r  o r g a n i c  se t t le r  zones .  Each zone i s  

homogeneously mixed and ove r f lows  i n t o  t h e  n e x t  zone. A f t e r  l e a v i n g  

t h e  t h i r d  se t t le r  zone ,  t h e  stream may e i t h e r  ex i t  t h e  sys tem as a 

produc t  stream o r  proceed t o  t h e  n e x t  mixer  as  a n  i n t e r s t a g e  f low.  

Feed and p roduc t  streams may be  s p e c i f i e d  f o r  e i t h e r  phase  i n  any 

s t a g e .  The volume o f  t h e  aqueous and o r g a n i c  phases  may be  s p e c i f i e d  

i n d i v i d u a l l y  f o r  b o t h  t h e  mixe r s  and s e t t l e r s .  The t i m e  i n t e r v a l  used 

i n  t h e  i n t e g r a t i o n  may be set t o  any v a l u e  w i t h i n  t h e  l i m i t s  of 

s t a b i l i t y  f o r  t h e  e q u a t i o n s  used by t h e  program. 

s u c c e s s i v e  p r i n t i n g s  of  t h e  c o n c e n t r a t i o n  p r o f i l e  may be  v a r i e d  so t h a t  

o n l y  t h e  d e s i r e d  o u t p u t  w i l l  be  p r i n t e d .  Almost a l l  of t h e  v a r i a b l e s  may 

b e  g i v e n  new v a l u e s  a t  any t i m e  d u r i n g  t h e  computa t ion  i n  o r d e r  t o  more 

a c c u r a t e l y  s i m u l a t e  t r a n s i e n t  changes i n  c o n d i t i o n s .  

The p e r i o d  between 

To s i m u l a t e  t h e  f low a €  s o l u t e s  th rough t h e  a p p a r a t u s ,  t h e  d i f f e r e n t i a l  

e q u a t i o n s  d e s c r i b i n g  t h e  mixe r s  and se t t le rs  must be  formula ted  i n  terms 

which t h e  computer can  e v a l u a t e .  The e q u a t i o n s  s tar t  w i t h  a n  uns teady-  

s t a t e  m a s s  b a l a n c e  a round a mixe r .  The streams t h a t  f l ow i n t o  t h e  mixer  

a re  t h e  aqueous stream from t h e  s e t t l e r  o f  t h e  p reced ing  s t a g e  (A 

t h e  o r g a n i c  stream from t h e  sett ler o f  t h e  succeed ing  s t a g e  ( O j + l ) ,  and 

any f eed  streams t o  t h e  s t a g e  ( A  0 .) .  The streams t h a t  f l o w  o u t  of  

t h e  mixer  are t h e  aqueous ( A  + A .) and o r g a n i c  (0 + 0 .) streams t o  

t h e  sett lers.  Any changes  i n  t h e  amount of a p a r t i c u l a r  component i i n  

s t a g e  j must be e q u a l  t o  t h e  d i f f e r e n c e  between t h e  amount t h a t  f l o w s  

i n t o  and t h e  amount t h a t  leaves t h e  mixer .  Thus, 

) ,  i -1 

f j '  f~ 

j P7 .i PJ 

- (0. + 0 . > Y i  - 
PJ , j  

- ( A .  + A . ) x i , j  
+ O f j Y f i , j  J P3 3 

In o r d e r  t o  s i m p l i f y  t h i s  e q u a t i o n ,  t h e  volumes and f low rates a re  

assumed t o  be c o n s t a n t ,  and t h e  s o l u t e s  i n  t h e  mixer  are assumed t o  b e  a t  

a n  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  p h a s e s ;  hence ,  
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Applying t h e s e  a s sumpt ions  t o  E q .  (1.) 

a x ,  

d t  = {A j-1. X i , j -1  -t- oj+lYi , j + l  + * f j x f i ,  j + ' f j Y f i , j  

S i n c e  each of t h e  c o n c e n t r a t i o n s  ( excep t  t h e  €eed s L r e a m  c o n c e n t r a t i o n s )  

c a n  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  method 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 h e  chosen.  111 1 t h e  f l o w  rai es,  volumes, and fend 

streams are  c o n s i d e r e d  t o  be  c o n s t a n t  ove r  a p a r t i c u l a r  i n t e r v a l  of t i m e ,  

so  t h e  r e m i n i n g  v a r i a b l e s  a r e  x i , j '  D i '  x i , j - l '  a n d  Y i y j  t1- 

x i s  determined by t h e  Runge-Kiitta i n t e g r a t i o n  scheme. The v a l u e  of 

D .  i s  c a l c u l a t e d  once x 

v a r y  by o n l y  small amounts d u r i n g  t h e  t ime  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-hese v a l u e s  i s  a n  a v e r a g e  of t h p  c o n c e n t r a t i o n  a t  t h e  s t a r t  of  t h e  t i m e  

i n t e r v a l  and the c o n c e n t r a t i o n  a t  the end.  Thus, 

The v a l u e  of  

i , j  

1 i , i  w i l l  i, j+l  i s  known. Assuming t h a t  xi , j-- l  arid y 

+ x  1 1 2  - - 
(xi., j -1 , t i ,  j --I, t+at X i ,  j-1 

and 

)/2 . - - 
Y i ,  j+ l  (Yi j+1, t + Y i ,  j +I, t+at 

All the v a r i a b l e s  have now been s p e c i f i e d , s o  the d i f f e r e n t i a l  can b e  

e v a l u a t e d  by a n  i t e r a t i v e  p rocedure .  

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

as  a g r i d  of  p o i n t s  i n  C a r t e s i a n  c o o r d i n a t e s ,  as shown i n  Fj.g. 2 .  The 

h o r i z o n t a l  a x i s  d e t e r m i n e s  t h e  s t age  number, while t h e  v e r t i c a l  a x i s  

i n d i c a t e s  t h e  p r o g r e s s i o n  of t i m e .  Each p o i n t  i n  t h e  g r i d  r e p r e s e n t 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  to be  c a l c u l a t e d .  The 

c i r c l e d  p o i n t s  i n  t h e  f i g u r e  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 determined f o r  t h a t  s t a g e  a t  t ha t  t i m e .  I n  t h i s  f i g u r e ,  t h e  

c o n c e n t r a t i o n s  have been calcu1.ated iup t o  stage j a t  t i m e  t + A t .  A l l  

t h e  v a r i a b l e s  t h a t  are  r e q u i r e d  t u  compute x have p r e v i o u s l y  

c a l c u l a t e d  v a l u e s  excep t  f o r  y The s i m p l e s t  so l . u t ion  t o  t h i s  

problem i s  t o  s a y  t h a t  

i , j  , t + A t  

i , j 4-1, t3-A t - 

(6 )  - 
' i . , j + l , t + A t  .- ' i , j+ l , t  ' 
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t + a t  0 

t-at 0 

ORNL DWG 78-613 

e 0 

STAGE NUMBER - 
Fig. 2.  A r e p r e s e n t a t i o n  of t h e  iterative procedure used  by  

SEPHIS-MOD4. 
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The d i f f e r e n t i a l  c a n  now h e  e v a l u a t e d  and i n t e g r a t e d  by 1 - 1 ~ ~  Kunge- 

K u t t a  i n l e g r a t i o n  scheme used by t h e  program. The r e s u l t  of  t h e  

i n t e g r a t i o n  i s  a new c o n c e n t r a t i o n  (x  ) f o r  t h e  p o i n t  i n  q u e s t i o n .  i , j  , t i - A t  
The i t e r a t ive  p rocedure  t h e n  moves on t o  t h e  n e s t  s t a g e  wliere t h e  

procediire i s  r e p e a t e d .  A f t e r  a l l  of  t h e  s t a g e s  have v a l u e s  f o r  t h e  

c o n c e n t r a t j o n s ,  t h e  nex t  KOW of p o i n t s  r a n  be  c o n s i d e r e d .  I n  tile next  

row of  p o i n t s ,  t h e  s t a g e s  a re  computed i n  t h e  o p p o s i t e  d i r e r t i o n .  

Changing the o r d e r  of  computat ion shou ld  h e l p  t o  o f f s e t  any b i a s  r e s u l t i n g  

from t h e  approximatiun i n  E q .  ( 6 ) .  While moving i n  t h e  o p p o s i t e  d i r e c t i o n ,  

t h e  co r re spond ing  approximation t h a t  i s  used i s :  

X i , j - I , t + A t  = x  i , j - - I . , t  ' ( 7 )  

The i t e r a t i v e  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  d e s i r e d  t i m e  i n t e r v a l s  have been completed,  However, between 

t h e  mixers i s  a s e t t l e r  which must a l s o  be  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 mixe r ,  t h e  se t t ler  of  t h e  s t a g e  

i s  e v a l u a t e d .  S i n c e  no mass changes phase  in t h e  s e t t l e r  i n  t h e  model., 

t h i s  c a l c u l ~ a t i o n  e s s e n t i a l  1-y propagat:es t h e  c o n c e n t r a t i o n  changes th rough  

t h e  s e t t l e r .  I n  t h i s  way, a ti~iiie d e l a y  i s  added 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  n e x t  mixer .  

The sett ler e q u a t i o n s  are  formul-ated i n  the  s a m e  manlier as t h o s e  of 

t h e  mixe r s .  Each s e t t l e r  i s  subd iv ided  i .nto t h r e e  equal-volume, p e r f e c t l y  

mixed zones.  The o n l y  s t r e a m  e n t e r i n g  a s e t t l e r  i s  t h e  phase  f l o w  o u t  

of t h e  mixe r .  T h i s  s t r e a m  p a s s e s  th rough  t h e  seiitl.er and e i t h e r  leaves 

as a p roduc t  s t ream o r  c o n t i n u e s  t o  t h e  n e x t  s t a g e .  The mass b a l a n c e  f o r  

component: i i n  zone k o f  s t a g e  j i s  t h e n  

- A  x 'sai . l y j , k  = A .x  
3 r x ' d t  ) SJ i . , j , k - l  s j  i . , j , k  * 

T h i s  d i f f e r e n t i a l  i s  p u t  i n t o  a s i m p l e  f i n i t e  d i f f e r e n c e  form, and t h e  

c o n c e n t r a t i o n s  a r e  e v a l u a t e d  i n  t h e  same manner as i n  t h e  mixe r s  t o  g i v e :  

- x  + x  / " i , j , k , t + A t  ___.I_. i , j , k , L . ) =  Asj ( X i , j , k - l , t + A t  i, j , k-1, t 
A t  2 
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so s o l v i n g  t h e  e q u a t i o n  gi-ves  i, j , k ,  t + A t  ' The o n l y  unknown value is x 

With t h e s e  e q u a t i o n s ,  t h e  c o n c e n t r a t i o n s  i n  t h e  mixer are  computed and 

t h e n  p ropaga ted  through t h e  s e t t l e r  zones .  Thus, a l l  the unknown 

c o n c e n t r a t i o n s  are c a l c u l a t e d  b e f o r e  t h e  n e x t  s t a g e  i s  c o n s i d e r e d .  Ai te r  

a l l  t h e  s t a g e s  have  been  completed,  t i m e  i s  incremented  and t h e  nex t  p o i n t  

i n  t i m e  i s  e v a l u a t e d .  T h i s  p rocedure  i s  con t inued  u n t i l  t h e  u s e r  s p e c i f i e s  

t h a t  i t  should  s t o p .  

The Runge-Kutta i n t e g r a t i o n  a p p e a r s  t o  b e  a v e r y  a c r u r a t e  method 

when used t o  c a l c u l a t e  t h e  c o n c e n t r a t i o n s  and v e r y  s t a b l e  w i t h  t h e  e q u a t i o n s  

which are used .  U n f o r t u n a t e l y ,  i t  t a k e s  more t i m e  t o  o b t a i n  t h e  d e s i r e d  

r e s u l t s .  To bypass  t h i s  problem, a second i n t e g r a t i o n  method w a s  added t o  

t h e  program. The e q u a t i o n  f o r  t h e  mixer  s tarts w i t h  E q .  ( 3 ) .  The 

d i f f e r e n t i a l  i s  s u b s t i t u t e d  w i t h  a f i n i t e  d i f f e r e n c e  form. The 

c o n c e n t r a t i o n  v a r i a b l e s  are  e v a l u a t e d  i n  t h e  same manner as i n  E q s .  ( 4 )  

and (5 ) .  The o n l y  unknown remain ing  i n  t h e  e q u a t i o n  i s  x 
Rear ranging  t h e  e q u a t i o n  g i v e s ,  i n  f i n a l  form, 

i , j , t+Ot * 

+ 7 A t  ( A .  + A + Di(O. + 0 . ) > I  
['maj + Divmoj J P .I J PJ 

C a l c u l a t i o n s  i n  t h e  s e t t l e r s  and t h e < i t e r a t i v e  p rocedure  a r e  n o t  a f f e c t e d .  

T h i s  i n t e g r a t i o n  method i s  t w i c e  a s  f a s t  as t h e  Runge-Kutta method. T h i s  

f a s t  t e c h n i q u e  i s  recommended f o r  u s e  when o n l y  s t eady- sLa te  r e s u l t s  

are  d e s i r e d ,  o r  when t h e  c o n c e n t r a t i o n s  are changing  s lowly .  

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 ,  which appea r  i n  t h e  mixer e q u a t i o n s  

[ E q s .  ( 3 )  and (ll)] , are  c a l c u l a t e d  u s i n g  a set  of c o r r e l a t i o n s  based  on 

t h e  aqueous c o n c e n t r a t i o n s . 2  

cons ide red  t o  have r e a c t e d  w i t h  t h e  t r i b u t y l p h o s p h a t e  (TBP) i n  r e a c t i o n s  

such a s  

The s o l u t e s  i n  t h e  o r g a n i c  phase  are  
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uoz+ + 2N03 3- 2TRP 2 U02(N03)2*2TBP . 
A pseudo mass -ac t ion  e q u i l i b r i u m  c o n s t a n t  i s  d e f i n e d  f o r  each r e a c t i o n  

a c c o r d i n g  t u  I 

[U02 (NO3) 2' ZTBP] 
K' = - - 

U 
[UO;'] [NO;] 7 [TBP] 2 

The c o r r e l a t i o n s  a re  t h e  r e s u l t  of a ma themat i ca l  f i t  o f  experiniental  

d a t a  t o t h e  form: 

.- [U02(N03)2-2TBP] ...- = K,: [NO3] - 2  . 
[ U O i + ]  [ TBP ] 

K1l - 

S i m i l a r  r e a c t i o n s  and e q u a t i o n s  a r e  w r i . t t e n  f o r  t h e  n i t r i c  a c i d  a n d  

plutonium i n  t h e  o r g a n i c  phase .  C o r r e c t i o n  f a c t o r s  f o r  o t h e r  t e m p e r a t u r e s  

and T.KP c o n c e n t r a t i o n s  are  a l s o  i n c l u d e d .  

Chemical r e a c t i o n s  between t h e  components are handled i n  s p e c i a l  

s u b r o u t i n e s  i n  t h e  program. O r d i n a r i l y ,  a chemica l  r e a c t i o n  would 

appea r  as  a gene ra t i -on  o r  dep l - e t ion  t e r m  i n  E q .  (I). T h i s  w a s  n o t  a d v i s a b l e  

f o r  SEPHIS-MOD4. Such a t e r m  could r e q u i - r e  t h a t  i-I-i<r t i m e  increment  f o r  

a c a l c u l a t i o n  be  l i m i t e d  by the reacii.i.on r a t e  r a t h e r  tlian by t h e  r e s i d e n c e  

t i m e  f o r  a s t a g e , w h i c h  i s  g e n e r a l l y  more i m p o r t a n t .  Thus,  chcmicz l  

r e a c t  i o n s  are c o n s i d e r e d  t o  be  e s s e n t i a l l y  independent  of t h e  unsteady--  

s t a t e  m a s s  b a l a n c e  e q u a t i o n s .  

Chemical r e a c t i o n s  occurriing i n  t h e  iiii.xer are cons ide red  t o  t a k e  

p l a c e  o n l y  a t  t h e  aqueous-phase composi.tion. The s o l u t e  i n  t h e  o r g a n i c  

phase a c t s  t o  b u f f e r  t h e  aqueous concent t i o n  by a n  approx ima t ion  t h a t  

t h e  d i s t r i b u t i o n  c o e f f i c i e q t s  change o n l y  s1ig:htl.y d u e  t o  t h e  r e a c t i o n .  

To d e t e r m i n e  t h e  e x t e n t  of  r e a c t i o n ,  tile aqueous c o n c e n t r a t i o n s  are  p u t  

i n t o  a n  i n t e g r a t e d  ra te  e q u a t i o n .  'The e x t e n t  of r e a c t i o n  i s  f a c t o r e d  i n t o  

tl-IC: amount of s o l u t e  i n  t h e  inixer a c c o r d i n g  t o  t h e  s p e c i f  i ~ e d  s t o i c h i o m e t r y  

of  t h e  r e a c t i o n .  The d i s t r i b u t i o n  of t h e  r e s u l t i n g  Sol71teS between tire 

phases  i s  a d j u s t e d  t o  accoun t  : E m  t h e  a l t e r e d  c o n c e n t r a t  i -om.  

Chemical r e a c t i o n s  o c c u r r i n g  i n  the set t lers  a re  much less compl i ca t ed .  

N o  i n t e r p h a s e  a p p r o x i h a t  i o n s  a r e  n e c e s s a r y .  The c o n c e n t r a t i o n s  i n  t h e  

m n e s  d e t e r m i n e  t h e  e x t e n t  of r e a c t i o n .  The e x t e n t  o f  r e a c t i o n  i.s f a c t o r e d  

d i r ec t1 .y  i n t o  t h e  c o n c e n t r a t i . o n s .  
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Three  r e a c t i o n  mechanisms are p r e s e n t l y  a v a i l a b l e .  The s i m p l e s t  

mechanism is f o r  i n s t a n t a n e o u s  r e d u c t i o n  o f  p lu tonium.  T h e  assumed 

r e a c t i o n  is: 
34" Pu4+ -+ r e d u c t a n t  -t Pu . 

The second mechanism i s  f o r  r e d u c t i o n  of p lu tonium by uranium(1V) .  

The r e a c t t o n  i s  shown a s  f o l l o w s :  

w i t h  a n  e m p i r i c a l  rate e q u a t i o n ,  

T h e  i n t e g r a t e d  r a t e  e q u a t i o n  assumes t h a t  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  

is  c o n s t a n t .  
4 

The t h i r d  mechanism i s  f o r  r e d u c t i o n  of  P1utonium by hYdroxYla111ine- 

The r e a c t i o n  i s  assumed t o  be :  
4- 2NF130H+ + 2Pu4+ -> 2Pu3+ + N2 +- 2H2Q + 411 , 

s i n c e ,  i n  p rac t ice ,  the hydroxylamine c o n c e n t r a t i o n  i s  u s u a l l y  l a r g e r  

t h a n  t h e  p!utonium(ZV) c o n c e n t r a t i o n .  The r a t e  e q u a t i o n  i s :  

5 
T h e  ra te  c o n s t a n t  ( k ' )  af a t e m p e r a t u r e  of 30°C i s  e q u a l  t o  0.029 - M / s e c ,  

w i t h  an a c t i v a t i o n  ene rgy  of 31. kca l /mole .  The d i s s o c i a t i o n  c o n s t a n t  f o r  

PuN03 (Kd) i s  0.33  - M. 

c o n s t a n t  a c i d i t y  and n i t r a t e  co i - tcent ra t ions .  

resulting e q u a t i o n  is  t h e n  l o c a l i z e d  by a b i n a r y  s e a r c h .  

3+ T h i s  ra te  e q u a t i o n  i s  i n t e g r a t e d  by assuming 

The p rope r  r o o t  of t h e  

The o p e r a t i o n  o f  a s t a g e  i s  s e p a r a t e d  i n t o  a series of  d i s c r e t e  

The c o n t e n t s  o f  the mixer and a l l  t h p  streams s t e p s  by SEPHIS-MQD4. 

f l o w j n g  i n t o  that.  mixer are combined arid r e a c t e d .  The r e s u l t i n g  s o l u t i o n s  

a r e  mixed again t o  accoun t  f o r  t h e  change i n  t h e  d i s t r i b u t i o n  c o e f f i r i e n t s  

d u e  t o  t h e  r e a c t i o n .  A p o r t i o n  o f  the mixer  c o n t e n t s  i s  s e p a r a t e d  and 

Fixed i n t o  the f i r s t  se t t ler  zone,  The f i r s t  zone ove r f lows  i.n;tn the 

second,  and the  second zone o v e r f l o w s  i n t o  t h e  t h t r d .  

t h e  t h i r d  zone is  removed as a p roduc t  stream o r  d i r e c t e d  t o  t h e  next 

mixer  .I 

Tht. ove r f low from 
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2 .  THE MECHANICS OF SEPHIS-MOD4 

Although t h e  computer code t e l l s  t h e  complete  s t o r y  of how t h e  

program works,  i t  i s  o f t e n  h e l p f u l  f o r  t h e  u s e r  t o  unde r s t and  what happens 

d u r i n g  t h e  computer r u n .  SEPHIS-MOD4 i s  comprised of t h e  main program 

a d  e i g h t  s u b r o u t i n e s .  'The f u n c t i o n  of  each r o u t i n e  i s  v e r y  s p e c i f i c .  

The main program d i r e c t s  t h e  o p e r a t i o n  o f  SEPHIS-MOD4 and a c t s  as  a n  

a d m i n i s t r a t o r .  STARTS h a n d l e s  most of t h e  i n p u t  t o  t h e  prograin. CONVRT 

c o n v e r t s  tl-w u n i t s  of t.he i n p u t  d a t a  t o  the u n i t s  used d u r i n g  t h e  

c a l c u l a t i o n s . .  MOLAL p r o v i d e s  t h e  convcrs:i.on f a c t o r s  between molar  and 

mola l  u n i t s .  Once a l l  t h e  i n p u t  d a t a  have been r e a d  i n  by t h e  program, 

STAGES performs t h e  stagew:i se c a l c u l a t i o n s  which p r e d i c t  t h e  changes i n  

c o n c e n t r a t i o n s .  UCOR computes v a l u e s  f o r  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 .  

MCHEM and SCHEM perform any r e q u i r e d  chemi-cal r e a c t i - o n s  i n  t h e  mixe r s  

and s e t t l e r s .  PRTOUT r e c o n v e r t s  t h e  u n i t s  arid p r i n t s  t h e  c o n c e n t r a t i o n  

p r o f i l e s .  T h i s  o r g a n i - z a t i o n  adds  consi-derably t o  Iihe complex i ty  of t h e  

program b u t  s i m p l i f i e s  any f u r t h e r  modi-Eications . 
'The o r g a n i z a t i o n  of t h e  program was i -nf luenced by two modes of 

o r g a n i z a t i o n .  The program i s  p r i m a r i l y  d i v i d e d  i n t o  segments which 

perform general. f u n c t i o n s .  STARTS does most of t h e  i n p u t ,  STAGES 

c a l c u l a t e s  t h e  changes i n  c o n c e n t r a t i o n ,  and t h e  main program d o e s  most 

of t h e  o u t p u t .  The secondary  mode o f  o r g a n i z a t i o n  separates t h e  p o r t i o n s  

of  t h e  program d e a l i n g  e x c l u s i v e l y  wi.tl-i s o l v e n t  e x t r a c t  i on  from those  

which l i m i t  t h e  program t o  t h e  Purex p r o c e s s .  The m a i c l  program, STAKTS, 

and STAGES are  v e r y  general .  r o u t i n e s  and could b e  used i n  many d i f f e r e n t  

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 remaining s u b r o u t i n e s  perforiii v a r i o u s  

f u n c t i o n s  o r  p r o v i d e  t h e  needed c o r r e l a t i o n s  which li-mit t h e  prograin 

t o  t h e  Purex p r o c e s s .  When b n l y  t h e  Purex p r o c e s s  i s  b e i n g  s i m u l a t e d ,  

t h e  a d d i t i o n a l  mode of o r g a n i z a t i o n  i s  unnecessa ry .  However, t o  change 

t h e  program :i.n o r d e r  t o  work w i t h  a n o t h e r  system, o n l y  t h e  r e l a t i v e l y  

s h o r t  sub rou t i -nes  (CONVKT, MOLAL, UCOR, MCHEM, SCHEM, and PRTOUT) 

need t o  be  repl-aced.  

Each comput:er r u n  i s  d i v i d e d  i n t o  one o r  m o r e  c a s e s .  A s o l v e n t  

e x t r a c t i o n  case i s  d e f i n e d  by t h e  g e n e r a l  mode of o p e r a t i o n  of t h e  

c o n t a c t o r .  The number o f  s t a g e s ,  t h e  TBP c o n t e n t  of t h e  o r g a n i c  phase ,  

any s p e c i a l  p i p i n g ,  and a chemical  r e a c t i o n  mechanism c h a r a c t e r i z e  t h e  
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g e n e r a l  mode o f  o p e r a t i o n .  Each case i s  subd iv idcd  i n t o  a number o f  

separate t i m e  p e r i o d s .  A t i m e  p e r i o d  i s  d e s c r i b e d  by t h e  inpu t - s t r eam 

f l o w  rates and c o n c e n t r a t i o n s ,  t h e  product -s t ream f low rates, t h e  

volumes i n  t h e  syst-em, and a n  i n i t i a l  c o n c e n t r a t i o n  p r o f i l e .  The t i m e  

i n t e r v a l  A t ,  t h e  t i m e  between p r o f i l e  p r i n t i n g s ,  and t h e  convergence 

t o l e r a n c e  may b e  changed as d e s i r e d  w i t h i n  any t i m e  p e r i o d .  The 

c a l c u l a t i o n s  f o r  a t i m e  p e r i o d  may b e  t e rmina ted  a t  any p o i n t  so  t h a t  

t h e  f low rates, volumes,  f e e d  c o n c e n t r a t i o n s ,  o r  p r o f i l e  may be  changed. 

S i m i l a r l y ,  any case may b e  ended a t  any t i m e  so t h a t  t h e  number of s t a g e s ,  

t h e  TBP c o n t e n t ,  o r  t h e  s p e c i a l  p i p i n g  may b e  a l t e r e d .  The program 

a l l o w s  f o r  a v e r y  f l e x i b l e  c h o i c e  of o p e r a t i n g  c o n d i t i o n s  and changes i n  

o p e r a t i n g  c o n d i t i o n s .  I t  i s  impor t an t  t o  n o t e  t h a t  any s p e c i f i e d  

change i n  t h e  o p e r a t i n g  c o n d i t i o n s  w i l l  be  made r e g a r d l e s s  of  whether  

such  a change can  b e  r e a l i s t i c a l l y  made i n  p r o c e s s  equipment.  For example,  

a n  i n c r e a s e  i n  volumes from one  t i m e  p e r i o d  t o  t h e  nex t  i s  a l lowed by 

t h e  program. T h e  resul t  i s  an  i n s t a n t a n e o u s  i n c r e a s e  i n  t h e  i n v e n t o r y  

of  t h e  va r iGus  components; t h u s ,  mass h a s  been  "c rea t ed"  by t h e  volume 

changes.  Such r e s u l t s  w e r e  n o t  c o r r e c t e d  s i n c e  t h e  pr imary  concern  

w a s  t o  f o l l o w  changes i n  c o n c e n t r a t i o n .  The u s e r  should  be  aware t h a t  

any  s p e c i f i e d  change w i l l  b e  made. 

The computer r u n  b e g i n s  i n  t h e  main program. The t i t l e  of  t h e  new 

case i s  r ead  a l o n g  w i t h  t h e  number of s t a g e s ,  t h e  TBP c o n t e n t ,  and t h e  

s p e c i a l  p i p i n g .  A l l  t h e  i n i t i a l i z a t i o n s  r e q u i r e d  f o r  t h e  case are  performed 

so t h a t  n o t h i n g  from a p r e v i o u s  case w i l l  i n t e r f e r e .  A control  c a r d  i s  

r e a d  t o  start  t h e  n e x t  t i m e  p e r i o d .  T h i s  c a r d  c o n t a i n s  t h e  t i m e  increment  

and several v a r i a b l e s  which i n d i c a t e  t h e  i n f o r m a t i o n  t h a t  i s  t o  b e  r ead  

b e f o r e  t h e  c a l c u l a t i o n s  b e g i n .  I f  new feed-s t ream f low rates  o r  

c o n c e n t r a t i o n s ,  p roduct -s t ream flow ra tes ,  volumes, o r  an i n i t i a l  p r o f i l e  

are  t o  b e  g iven ,  t h e  main program c a l l s  i n  t h e  s u b r o u t i n e  STARTS. Th i s  

s u b r o u t i n e  p r o c e s s e s  a l l  t h e  new i n f o r m a t i o n  and e l i m i n a t e s  any o l d  

v a l u e s  of t h e  same type .  When new lleed streams a re  t o  b e  g iven ,  

a l l  t h e  o l d  feed-s t ream k l o w  ra tes  and c o n c e n t r a t i o n s  are set  t o  z e r o .  

The i n f o r m a t i o n  is read  from t h e  feed-s t ream c a r d s  u n t i l  no  c a r d s  remain.  

The s p e c i f i e d  streams are  L i s t e d  i n  o r d e r .  The f l o w  rates and 

c o n c e n t r a t i o n s  are conve r t ed  t o  mola l  u n i t s ,  which are ready  f o r  computat ion.  
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The p roduc t  streams are  t r e a t e d  i n  a s imi l a r  manner. 

I f  a n  i n i t i a l  p r o f i l e  i s  t o  be  r e a d  i n ,  al l .  t h e  c o n c e n t r a t i o n s  i n  

a l l  t h e  mixers m u s t  be  g iven .  The program assumes t h a t  t h e  in i . t i . a l  

p r o f i l e  v a l u e s  a l s o  a p p l y  t o  t h e  se t t lers .  The concentrat : i .ons  are  

conve r t ed  t o  a mol-a1 b a s i s  b e f o r e  t h e  c a l c u l a t i o n s  beg in .  'The a c t u a l  

cor_Jersi .ons a r e  done w i t h  t h e  a i d  of  the CONVRT and MOLAL s u b r o u t i n e s .  

CONVRT p r i n t s  t h e  i n p u t  stream d a t a .  The uranium and plutonium 

conce -n t r a t ions  i n  t h e  i n p u t  stream d a t a  and the i . n i t  i a l  concent  r a t i o n  

p r o f i l e  are  conve r t ed  from grams p e r  l i t e r  t o  moles p e r  l i t e r .  These 

molar c o n c e n t r a t i o n s  are passed t o  t h e  MOLAL s u b r o u t i n e ,  which c a l c u l a t e s  

a conve r s ion  f a c t o r  t o  change t h e  u n i t s  f rom a mo1.ar t o  a mola l  b a s i s .  

S i n c e  t h e  i n p u t  and o u t p u t  streams have been s p e c i f i - e d ,  t h e  f l o w  

through each  s t a g e  and t h e  i n t e r s t a g e  f lows  can  b e  c a l c u l a t e d  f o r  t h e  

e n t i r e  s o l v e n t  ex t r ac t i . on  system by the s u b r o u t i n e  STARTS. Tf a p roduc t  

stream was s p e c i f i e d  t o  b e  l a r g e r  t h a n  t h e  total. phase fl.ow i n t o  t h e  

s t a g e ,  t h e  i n t e r s t a g e  f l o w  from t h e  settl.er is set t o  z e r o  and t h e  

product  stream f low i.s s e t  t o  the t o t a l  phase f l o w  i n t o  t h e  s t a g e .  T h i s  

i s  s imply imposing a c o n d i t i o n  t h a t  no more of a p a r t i c u l a r  phase  can  

f low o u t  o€  a s t a g e  t h a n  t h a t  whi-ch flowed i n t o  t h e  s t a g e .  Thus, t h e  

h y d r a u l i c s  of t h e  sys t em are  s e t .  

The volumes a r e  g i v e n  l a s t .  T h i s  program makes a c l e a r  d i s t i n c t i - o n  

between t h e  mixer and t h e  se t t l -e r  f o r  each phase ;  hence ,  f o u r  volumes 

are r e q u i r e d  f o r  each s t a g e .  These volumes may be  s p e c i f i e d  i n  a number 

of  ways. For  t h e  mixers,  t h e  aqueous volume and t h e  o r g a n i c  volume 

niay he  s p e c i f i e d  i n d e p e n d e n t l y .  I f  t h e  phase  s p l i t  i n  t h e  mixe r s  i s  

assumed t o  b e  p r o p o r t i o n a l  t o  t h e  phase  f low th rough  t h e  mixe r ,  o n l y  til<: 

t o t a l  mixer volume needs t o  b e  g i v e n .  The phase volumes wi .11  b e  set  by 

When t h e  vol~umes are  n o t  impor t an t  t o  t h e  problem ( o r  when o n l y  s t e a d y -  

s t a t e  r e s u l t s  are  d e s i - r e d ) ,  t h e  .mixer vol-umes can b e  set  e q u a l  t o  t h e  

phase f 1 .0~s.  

The volumes do n o t  need t:o be g i v e n  f o r  e v e r y  s t a g e .  I f  t h e  volumes 

f o r  a p a r t i c u l a r  s tage  are n o t  g i v e n ,  t h e  program w i l l  assume that t h e  

r e q u i r e d  vol~ume i s  t h e  s a m e  as t h a t  i n  t h e  p r e v i o u s  s t age .  For example, 
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i f  t h e  t o t a l  mixer  volume i s  t o  be  g i v e n  and none i s  s p e c i f i e d  f o r  a 

s t a g e ,  t h e  t o t a l  mixer volume w i l l  he  set  e q u a l  t o  t h a t  o f  t h e  p r e v i o u s  

s t a g e .  A l s o ,  in t h i s  case ,  t h e  phase  r a t i o  will be  a d j u s t e d  to r r f l e c t  

any changes  i n  t h e  f lows .  I f  no volumes are g iven  f o r  t h e  f i r s t  

s t a g e ,  t h e  phase  f lows  w i l l  be  used ,  

The  volumes i n  t h e  se t t lers  are  given i n  tlie s a m e  manner as thoqe  

i n  tlie mixe r s .  Once a l l  t h e  volume c a r d s  have been read i n ,  the STARTS 

s u b r o u t i n e  checks  tro be  s u r e  t h a t  each  of  t h e  f o u r  r e q u f r e d  volumes i n  

e v e r y  s t a g e  h a s  a v a l u e .  

I f  an i n i t i a l  cor ice i i t ra t ion  p r o f i l - e  is t o  be used ,  a check i s  

made t o  e n s u r e  t h a t  t h e  p h a s e s  are  i n  e q u i l i b r i u m .  I1 t h e  s o l u t ~  

c o n c e n t r a t i o n s  do n o t  conform t o  t h e  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 f f i c i e n t s ,  

t h e  s o l u t e s  w i l l  be  r e d i s t r i b u t e d  bc)tween t h e  phases  U n t i l  a n  e q u i l i b r  ium 

composi t ion  i s  found.  

T h i s  comple tes  a l l  t h e  i n f o r m a t i o n  r e q u i r e d  for ' I  s i n g l e  t i m e  p e r i o d .  

The current valites f o r  the  f l o w  r a t e s ,  volumes. and  c o n c e n t r a t i o n s  arc 

l i s t e d .  T h i s  l i s t i n g  g i v e s  ,311 ths i n f o r m a t i o n  p e r t a i n i n g  t o  t h e  t i m e  

p e r i o d  so t h a t  t h e  c a l c u l a t i o n  may be r e p e a t e d  or i d e n t i f i e d  e a s i l y ,  

T h i s  l i s t i n g  shou ld  a l s o  be used t o  check t h e  input  i n f o r m a t i n o ,  A f t e r  

t h i s  p r i n t i n g  has  been completed,  c o n t r o l  r e t u r n s  t o  t h e  main proy;r_am, 

The mnin program o n l y  d i r e c t s  t h e  i t e r a t i v e  pTocEd:It-e. T t  deternines 

t h e  e l a p s e d  time, t h e  t i m e  when a p r o f i l e  shou ld  be p r i n t e d ,  and whetlier 

the c a l c u l a t i o n  i s  t o  b e  con t inued .  The b u l k  of t h e  computa t ion  i s  done 

i n  t h e  STAGES s u b r o u t i n e .  The STAGES s u b r o u t i n e  i s  c a l l e d  onct> fn r  each 

t . i m e  increment .  A E t e r  t h e  new c o n c e n t r a t i o n s  and t empera tu res  have been  

de t e rmined ,  c o n t r o l  r e t u r n s  t o  t h e  main program. 

The s u b r o u t i n e  STAGES works through t h e  solvent ex t r ac t  i o n  sybte111 by 

c-omputing the c o n c e n t r a t i o n s  and tPmpera tu res  f o r  each s t a g e  brf ore moving 

t cg Lhe next s tage .  The t e m p e r a t u r e s   re uvaluat Pd by s imple  heat b ~ i I d i i c t s ,  

,2nd tis mixer  c o r i c c n t r a t i o n s  a re  e v ~ I u a t e c 1  by one of  two i r r t e z r a t  ion 

techniquc- s e 'ULe s lower  hu t  more a c c a r a t e  approat-Ir i s t o  i n t e p r a  tic> h c  

~11'1s t e a d y - s t a t e  mass b a l a n c e  w i t h  a fourth-ordtxr r?unge--Kutta -f 

The Easter t e c h n i q u e  i s  a f i n i t e  d i f f e r e n c e  method t f ~ r  

b a l a n c e ,  During e i t h c r  form of in :egrn t ion ,  SThtGES c 2 l l . s  i - k ~  UWC: 

subrotitinra tr, c'alcillate d i  s t r i b ~ t t  ion c o e f f i c i e n t s  f o r  t I w  ~mrioi~s cmiiponents, 

'I'Ilese d i s t r i b u t i o n  cor. i w ,  

cnrlccnt-rarir:ns. Howsever, since t h e  v a l u e s  o f  tile corff:- ,? ' t  &t; * ?  so 
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dependent  on t h e  c o n c e n t r a t i o n s ,  checks  are  made e v e r y  t i . m e  t h e  

c o n c e n t r a t i o n s  change t o  h e l p  e n s u r e  t h a t  t h e  c o n c e n t r a t i o n s  and 

d i s t r i b u t i o n  c o e f f i c i e n t s  match. The s u b r o u t i n e  STAGES c a l l s  i n  t h e  UCOR 

s u b r o u t i n e  a minimum of f i v e  t i m e s  f o r  each  s t a g e  d u r i n g  a n y  time i n t e r v a l  

w i t h  t h e  Runge-Kutta i n t e g r a t i o n .  With t h e  f a s t  i n t e g r a t i o n ,  t h e  UCOR 

s u b r o u t i n e  mi.ght be  c a l l e d  o n l y  once f o r  each s t a g e .  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  f o r  t h e  t r a n s f e r r i n g  components are c a l c u l a t e d  us ing  a t y p e  

of m a s s  a c t i o n  e q u a t i o n .  The c o e f f i c i - e n t s  f o r  t h e  n o n t r a n s f e r r i n g  

components [plutoaiurn(:T'TT.) the  plutonium reduc  tiant, and t h e  i n e x t r a c t a b l e  

n i t r a t e s ]  are always se t  t o  z e r o .  

A f t e r  t h e  s o l u t e s  have been d i v i d e d  between t h e  phases ,  MCHEM i s  

c a l l e d  t o  compute t h e  r e s u l t s  of any chemical  r e a c t i o n  that  might be  

t a k i n g  place i n  t h e  mixer .  These r e a c t i o n s  a r e  assumed t o  occur  on1.y 

i n  t h e  aqueous p h a s e ,  so t h e  aqueous c o n c e n t r a t i o n  i s  used t:o compute 

t h e  e x t e n t  o f  r e a c t i o n .  The chemical. r e a c t i o n  i s  c o n s i d e r e d  t o  be  a 

change i n  t h e  s o l u t e  i n v e n t o r y  for each component i nvo lved  i.n t h e  r e a c t i o n .  

S i n c e  t h e  change i n  s o l u t e  i n v e n t o r y  w i l l  resu1.t i n  a change i n  t h e  

d i s t r i b u t i o n  coef  f i c i e a t s ,  t h e  solute:;  are r e d i s t r i b u t e d  between t h e  phases .  

A f t e r  calculat : i .ons  f o r  t h e  mixer have been completed , STAGES e v a l u a t e s  

the c o n c e n t r a t i o n s  and t e m p e r a t u r e s  i n  t h e  se t t l~er  zones.  A f i n i t e  

d i f f e r e n c e  method i s  used i n  t h e s e  c a l c u l a t i o n s .  SCHEM i s  caJ.1.ed t o  

de t e rmine  the conccnt : ra t ions r e s u l t i n g  from any chemica l  reaction t h a t  

o c c u r s  i n  t h e  se t t lers .  T h i s  i s  done i n  a mani-rier- si.niilar t o  t h a t  of  

MCHEM. T h i s  comple t e s  t h e  work r e q u i r e d  f o r  one s t a g e ;  t h e  n e x t  s t a g e  i s  

then  c o n s i d e r e d .  Once t h e  c a l c u l a t i o n  i s  f i n i s h e d  i n  a l l  t h e  stages, t h e  

program c o n t r o l  r e t u r n s  t o  t h e  main program. 

The management c h o r e s  a r e  handled i n  t h e  main program. T i m e  i s  

inc remen ted ,  and a check i s  made t o  de te rmine  whether  t h e  c a l c u l a t i o n  h a s  

converged t o  t h e  d e s i r e d  t o l e r a n c e .  The t o l e r a n c e  i s  compared w i t h  t h e  

maximum change i n  t h e  mixer  i n v e n t o r y  of e v e r y  s o l u t e  i n  each s t a g e .  The 

change in ini-xer i n v e n t o r y  and t h e  t o l e r a n c e  are e x p r e s s e d  as p e r c e n t  p e r  

minute .  I f  e i t h e r  t h e  c a l c u l a t i o n  h a s  converged,  t h e  t i m e  p e r i o d  h a s  ended,  

o r  resu1.t~ are d e s i r e d  a t  t h i s  I:.i.me, a c o n c e n t r a t i o n  p r o E i ~ l e  f o r  t h e  system 

i s  p r i n t e d .  Be fo re  p r i n t i n g ,  t h e  program w i . 1 1  c o n v e r t  t h e  c o n c e n t r a t i o n s  and 
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f l o w  rates from t h e  moLal form used i n  t h e  c a l c u l a t i o n s  t o  t h e  more s t a n d a r d  

u n i t s  used on t h e  p r i n t o u t .  Because t h e  c o n v e r s i o n s  and p r i n t i n g  are 

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

(PRTOUT) i s  used .  PKTOUT performs t h e  c o n v e r s i o n s  w i t h  the a i d  of  

MOLAL and p r i n t s  t h e  p r o f i l e .  These c o n v e r s i o n s  are also r e q u i r e d  f o r  

t h e  punched c a r d  o u t p u t ,  b u t  t h e  a c t u a l  punching i s  done i n  t h e  main 

program. 

I f  t h e  time peri.od h a s  n o t  ended, t h e  program w i l l  c o n t i n u e  t o  

c d . c u l a t e  r e s u l t s  f o r  t h e  n e x t  p o i n t  i n  t i m e .  When t h e  ti.me p e r i o d  

ends ,  s e v e r a l  more checks  a r e  made. The f i n a l  p r o f i l e  of the t i m e  p e r i o d  

may be punched on c a r d s  f o r  u s e  i n  f u t u r e  r u n s .  A c a r d  i s  read t o  

d e t e r m i n e  what w i l l  be done n e x t .  T h i s  c a r d  can b e  used t o  e i t h e r  

c o n t i n u e  the  c a l . c u l a t i o n  w i t h  a new t i m e  increment  and t o l e r a n c e  o r  s t a r t  

a new t i m e  p e r i o d  w i t h  d i f f e r e n t  f eed  streams. T h i s  c a r d  may a l s o  s t a r t  a 

new case w i t h  a d i f f e r e n t  sol.vent e x t r a c t i o n  system, I f  a l l  t h e  d e s i r e d  

c a l . c u l a t i o n s  have been completed,  t h i s  c a r d  w i l l  a l s o  end t h e  e x e c u t i o n  

of t h e  program. 

3 APPROXIMATIONS AND ASSUMPTIONS USED BY SEPHIS-MOD4 

S e v e r a l  a s sumpt ions  and approx ima t ions  are  made by SEPHIS-MOD4. 

None O E  t h e  a s sumpt ions  are n e c e s s a r y ,  b u t  t h e y  r e s u l t  i n  a s i g n i f i t a n t  

s i m p l i f i c a t i o n  of t h e  s y s t e m  b e i n g  s t u d i e d  and a l a r g e  s a v i n g s  i n  

computat ion t i m e .  The approx ima t ions  can b e  grouped i n  f i v e  major  areas: 

1. C o n c e n t r a t i o n s  in t h e  c o n t a c t o r  change r e l a t i v e l y  s lowly .  

2 .  The volumes and f low rates remain c o n s t a n t  u n t i l  changed by 

t h e  user. 

3 .  T h e  mechan ica l  o p e r a t i o n  o f  t h e  c o n t a c t o r  conforms w i t h  t h e  

i d e a l i t i e s  of t h e  model. 

4 .  C e r t a i n  chemica l  e f f e c t s  o r  c o n d i t i o n s  a re  assumed t o  e x i s t  o r  

n o t  exist. 

5.  Many h e a t  e f f e c t s  are  n e g l e c t e d .  

The approx ima t ions  n e c e s s a r i l y  l e a d  t o  d i f f e r e n c e s  between t h e  tal-culated 

c o n c e n t r a t i o n s  and e x p e r i m e n t a l  r e s u l t s ,  b u t  t h e s e  d i f f e r e n c e s  c a n  

g e n e r a l l y  b e  l o c a l i z e d  t o  s p e c i f i c  p o r t i o n s  o f  a c o n t a c t o r .  
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The approx ima t ions  t h a t  were made i n  o r d e r  t o  n u m e r i c a l l y  i n t e g r a t e  

t h e  d i f f e r e n t i a l  e q u a t i o n s  become more e x a c t  i f  t h e  c o n c e n t r a t i o n s  i n  

t h e  c o n t a c t o r  change r e l a t i v e l y  s lowly .  T h i s  does  n o t  imp1.y t h a t  t h e  

p r e d i c t i o n s  are w o r t h l e s s  o r  i n v a l i d  when the c o n c e n t r a t i o n s  a re  changing 

r a p i d l y .  Tile c o r r f x t  impl- icat ion i s  t h a t  t h e  l a r g e s t  i n t e g r a t i o n  e r r o r s  

w i 1 . l  occu r  j u s t  a f t e r  a s t e p  change h a s  been made i n  t h e  c o n t a c t o r  

condi  t i o n s ,  pa r t i cu la r1 .y  when t h e  c o n t a c t o r  s t a r t - u p  p rocedure  i.s b e i n g  

s i m u l a t e d .  Figure? 3 d i s p l a y s  t h e  i n t e g r a t i o n  e r r o r s  i n  t h e  uranium 

c o n c e n t r a t i o n  which wcre found i n  t h e  f eed  s t a g e  d u r i n g  the s t a r t - u p  

p rocedure .  The i n i t i a l  peak ( t h e  f i r s t  ha1.f minute)  amounts t o  a t o t a l  

e r r o r  o f  0 . 3  g / l i t e r  i n  t h e  f e e d  s t a g e .  A f t e r  1 i i i in ,  t h e  t o t a l  e r r o r  

i n  c o n c e n t r a t i o n  i s  QO.23 g / l i t e r .  For compari.son, t h e  c o n c e n t r a t i o n  i n  

t h e  s t a g e  i n c r e a s e d  from 0 . 0  t o  5 2  g of  uranium p e r  l i t e r  d u r i n g  t h e  f i r s t  

minute .  Thus, t h e  i n t e g r a t i o n  e r r o r s  are  r e l a t i - v e l y  s m a l l ,  and t h e  approx- 

ima t ion  of  s lowly  changing c o n c e n t r a t i o n s  does n o t  l e a d  t o  s e r i o u s  problems 

The s o l v e n t  e x t r a c t i o n  system be ing  s t u d i e d  h a s  many s o l u t i o n  

n o n i d e a l i t i e s  which c a u s e  t h e  f 1 . 0 ~  ra tes  and voluiiies i n  t h e  system t o  

v a r y  w i t h  changes i n  c o n c e n t r a t i o n .  H O W C Z V P ~ ,  i n  d e r i v i n g  the  d i f f e r e n t i - a 1  

equa t i -ons ,  t h e  f low rates and volumes i n  t h e  system w e r e  assumed t o  be 

c o n s t a n t .  These approx ima t ions  are  n o t  s t r i - c t l y  a p p l i e d  t o  tiie system. 

The calculations w i t h  t h e  f l o w  r a t e s  and c o n c e n t r a t i o n s  a re  performed 

i n  moI.al u n i t s  i n  o r d e r  t o  bypass  t h i s  problem. The volumes a re  a l s o  

conve r t ed  t o  molal. u n i t s  b e f o r e  t h e  c a l c u l a t i o n s  a r e  made. The molal. 

c o n c e n t r a t i o n s  and fJ .ow ra tes  do n o t  change due  t o  t h e  n a t u r e  of mola l  

u n i t s ,  bu t  t h e  volumes do change s i n c e  t h e  "real" volume i n  l i t e r s  i s  

assuined t o  b e  c o n s t a n t .  These changes i n  t h e  mola l  volume 1.ead t o  

accumula t ion  terms i n  t h e  d i f f e r e n t i a l .  e q u a t i o n s  s i n c e  

d V  4 - x -  a x  
__._____._I_- v 

d t  a t  d t  * 
- a (VX) 

To j u s t i f y  the  u s e  of tiie a s sumpt ion ,  a comparison was made between 

these accumulat ion terms f o r  a number o f  s i t u a t i o n s .  

( t h e  term k e p t  by t h e  program) w a s  1.00 t:iwes l a r g e r  t h a n  x (dV/d t )  ( the 

t e r m  negl-ected by t h e  program). 'The n e g l e c t e d  t e r m  assumed iivlportance o n l y  

when t h e  c o n c e n t r a t i o n  of one component was h e l d  c o n s t a n t  w h i l e  t h e  o t h e r  

c o n c e n t r a t i o n s  w e r e  changing.  Even i n  t he  most extreme c a s e  t r i e d ,  t h e  

n e g l e c t e d  term accounted f o r  < lo% o f  t h e  t o t a l  accumula t ion  t e r m .  Thus, 

General-ly,  V(dx /d t )  
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n e g l e c t i n g  t h e s e  s o l u t i o n  n o n i d e a l i t i e s  shou1.d n o t  l e a d  t o  problems 

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

The mechanical. o p e r a t i o n  of  t h e  c o n t a c t o r  j ~ s  assumed t o  be i d e a l  

i n  many ways. Any change i n  t h e  feed-stream f low rates o r  s t a g e  volumes 

i s  assumed t o  occur  i n s t a n t a n e o u s l y .  T h i s  assumption i s  i i eces sa ry  i n  

o r d e r  t o  1 . imi t  t h e  s i m u l a t i o n  t o  changes i n  c o n c e n t r a t i o n  r a t h e r  t h a n  

f l u i d  dynamics-type changes.  Attempti.ng t o  a c c u r a t e l y  d e s c r i b e  t h e  

f l u i d  f low c h a r a c t e r i s t i c s  would e s s e n t i a l l y  all.ow c a l c u l ~ a t i o n s  t o  be  

performed f o r  o n l y  one m i x e r - s e t t l e r s  desi-gii. 

P e r f e c t  mixing i s  assumed t o  occur  i n  t h e  mixe r s  and i.n each  zone 

of t h e  set t lers .  Wj~thout t h i s  approximati .on,  t h e  prograin would have t o  

f o l l o w  t h e  c o n c e n t r a t i o n  of d i s c r e t e  p a c k e t s  of  f l u i d  as t h e y  moved 

th rough  t h e  c o n t a c t o r .  That  approach t o  t h e  problem i s  unwarranted f o r  

t h e  usual- u s e s  of t h e  program. 

Entrainment  i s  n o t  c o n s i d e r e d  by SEPHIS-MOD4. A f t e r  l e a v i n g  t h e  mixer , 
t h e  p h a s e s  are  s e p a r a t e d  a b s o l u t e l y  and p u t  i n t o  the set t lers  where no 

p h a s e  t r a n s f e r  i s  a l lowed .  The approx-i mation w a s  itlade t o  s i m p l i f y  t h e  

systcm. Entrainment  cou ld  have been simulatt id by t h e  program by 

d i . r e c t i n g  s m a l l  s t r e a m s  of  b o t h  phases  i n  t h e  wrong d i r e c t i o n .  

The c h e m i s t r y  of t h e  Purex system i s  v e r y  coiiipl.ex, and tihe e f f e c t s  

o f  many components i~n t h e  systcm are  n o t  f u l l y  known.  Other  approx ima t ions  

d e a l i n g  w i t h  t h e  c h e m i s t r y  w e r e  made t o  s i m p l i f y  the p r o c e s s .  S i n c e  equi1.i- 

brium i s  d e s i r e d  i n  t h e  s t a g e s  so that :  t h e  e x p e r i m e n t a l  r e s u l t s  can b e  

compared w i t h  r e s u l t s  iisirig i d e a l  c o n d i t i o n s ,  [:he components i n  t h e  mixe r s  

are  always assumed t o  be a t  a n  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 .  

Nonequi l ibr ium conditi.oris cou ld  have been simul-ated by t h e  i n s e r t i o n  of 

a n  e f f i - c i e n c y  i n  t h e  di .s t r ibut : i -on r e l a t i o n  bet.,\rE?en t h e  aqueous and o r g a n i c  

c o n c e n t r a t i o n s  [Eq. (2)]. 

P l u t o n i u r n ( I I l ) ,  t h e  r e d u c t a n t ,  and t h e  i n e x t r a c t a b l e  n i t r a t e  s a l t s  

are  assumed t o  remain i n  t h e  aqueous phase  ( D  = 0.0) .  Because i t s  

d i . s t r i b u t i o n  c o e f f i c i e n t  i s  so low, plutonium i s  reduced t o  p l u t o n i u m ( I I 1 )  

t o  remove i t  from t h e  0rgani.c phase.  The r e d u c t a n t  i s  assumed t o  be  

i n e x t r a c t a b l e  t o  s i m p l i f y  t h e  p r o c e s s .  I n e x t r a c t a b l e  n i t r a t e s  are  

g e n e r a l l y  added t o  t h e  system t o  improve t h e  e x t r a c t i o n  of  uranium and 

plutonium. I f  t h e  i n e x t r a c t a b l e  n i t r a t e s  e n t e r e d  t h e  o r g a n i c  phase  i n  

s i g n i E i c a n t  amounts, t h e  extract  ion  of uranium and plutonium would be  

i 
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h i n d e r e d ,  and t h e  n i t r a t e s  would n o t  have been added. One could  perform 

d a t a  f i t t i n g  t o  d e s c r i b e  t h e  d i s t r i b u t i o n  o f  t h e s e  components, i f  d e s i r e d .  

N o  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  are  s i m u l a t e d .  HDBP os  H2ivlBP are  

formed by r a d i o l y s i s  and by r e x t i o n s  of  TBP w i t h  n i t r i c  acid. These 

p roduc t s  t end  t o  ho ld  t h e  uranium and p lu tonium i n  t h e  o r g a n i c  phase .  

One could s i m u l a t e  t h e s e  p r o d u c t s  knowing t h e i r  fo rma t ion  s a t e  and 

behav io r  .IS e x t r a c t a n t s .  However, i f  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  

were a n  impor t an t  f a c t o r  i n  a p a r t i c u l a r  sys tem,  t h e  p r o c e s s  would 

p robab ly  be t o o  poor  t o  u s e  i n  practjre, and a t t e m p t s  t o  e x p e r i m e n t a l l y  

demons t r a t e  t h e  f e a s i b i l i t y  of  t h e  p r o c e s s  would f a i l .  

A l l  n o n i d e a l  h e a t  e f f e c t s  a re  n e g l e c t e d .  Temperature  p r o f i l e s  arc  

calcul aLed u s i n g  approximate  h e a t  c a p a c i t i e s  f o r  t h e  phases .  A "mixing 

cup" t e m p e r a t u r e  i s  used .  N o  h e a t s  o f  mixing ,  c o n t r i b u t i o n s  due  t o  

r a d i a t i o n ,  o r  g a i n s  o r  losses t o  t h e  su r round ings  are  c o n s i d e r e d .  Thcse 

e f f e c t s  can  b e  s imula t ed  by i n s e r t i n g  v e r y  s m a l l  pseudo streams w i t h  v e r y  

h i g h  o r  v e r y  low t empera tu res .  Such streams cou ld  be  used  t o  h e a t  o r  c o o l  

t h e  c o n t a c t o r  w i t h o u t  changing t h e  phase  r a t i o s .  

I n  a d d i t i o n  t o  t h e s e  a s sumpt ions  and approxi i i ia t ions,  o t h e r  more 

i r n p l i  c j t assumpt ions  may be found i n  t h e  program. Any approximat ion  t h a t  

i s  made w i l l  l e a d  t o  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  

r e s u l t s .  Most of t h e s e  dif€erenc:es  are  of minor impor tance  f o r  the llses 

of t h e  program and are  u s u a l l y  conf ined  t o  s p e c i f i c  a r e a s  i n  t h e  c o n t a c t o r ,  

as d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .  

4 .  RESULTS TO BE EXPECTED FROM SEPHIS-MOD4 

Computer s i m u l a t i o n s  are made t o  approximate  r e s u l t s  t h a t  would 

occur  under  a c t u a l  c o n d i t i o n s .  Sometimes t h e s e  s i m u l a t i o n s  are  q u i t e  

a c c u r a t e ,  and t h e  r e s u l t s  c a n  b e  used w i t h  some conf idence .  A t  o t h e r  

times, t l ie  s i m u l a t i o n  shou ld  b e  viewed w i t h  more s k e p t i c i s m .  The 

SEPHIS-MOD4 u s e r  shou ld  be aware of t h i s  s i t u a t i o n  when interpreting 

t h e  r e s u l t s  f o r  any g i v e n  c a s e .  

I n  a c t u a l  s i t u a t i o n s ,  changes i n  t h e  feed-s t ream f low rates o r  

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

S o l u t e s  w l i l l  p a s s  t h r o u g h  t h e  c o n t a c t o r  as d i s c r e t e  waves. It is  impor t an t  

t o  know what t h e  maximum c o n c e n t r a t i o n  i s  l i k e l y  t o  b e  and where i t  w i l l  
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o c c u r .  SEPHIS--MOD4 b7as de-signcxl t o  produce such  r e s u l t s .  F i g u r e s  4 

arid 5 s i r o w  the -crranium and n i . t r i . c  a c i d  r e s p o n s e  c u r v e s ,  r e s p e c t i v e l . y ,  

computed by SEPHIS-MOD4 a l o n g  w i t h  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 .  The 

agreement i s  v e r y  good, especi.al.ly a f t e r  c o n s i d e r i n g  t h e  s p a r s i t y  of  

fl.ow.-.rate d a t a  po i .n t s .  The i m p o r t a n t  o b s e r v a t i o n  t o  make from t h e s e  

f i g u r e s  i s  t h a t  SEPHIS-MOD4 is a b l e  t o  p r e d i c t  t h e  time when t h e  wave 

of  s o l u t e  wi.11. a p p e a r  and t h e  approximate peak concentit-ation. 

Experimental  s t e a d y - s t a t e  data demons t r a t e  t h e  a b i l i t y  of t h e  program 

t o  p red ic t .  c o n c e n t r a t i o n s  i n  v a r i o u s  s e c t i o n s  of  a c o n t a c t o r .  S t eady-  

state c o n c e n t r a t . i o n s  are i n f l u e n c e d  p r i m a r i l y  by t h e  f low r a t e s  a n d  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 .  Mixer e f f i c i e n c i - e s  a r e  a major f a c t o r  i n  t h e  

e x t r a c t i h n  and s t r i p  sect i .ons.  F i g u r e s  6 and 7 show t h e  e f f e c t s  of these 

f a c t o r s  on t h e  aqueous and o r g a n i c  uranium p r o f i l e  c o n c e n t r a t i o n s ,  

r e s p e c t i v d y .  Exper imen ta l  d a t a  p o i n t s  and t h e  SEPHIS-MOD4 p r e d i c t i o n  

a r e  d e p i c t e d .  

The s t r i p  s e c t i o n  ( s t a g e s  1-16> shows the cumula t i~ve  impact of mixer 

e f f i c i e n c i e s  and u n c e r t a i n  d i s t r i h u t  i o n  c o e f f i c i e n t s .  In m o s t  o f  the 

s t r i p  s e c t i o n  ( s t a g e s  5-16),  t h e  d i . f f r r e n c e  between t h e  expe r imen ta l  and 

pr td i .c . t - i ;d  c o n c e n t r a t i o n s  i s  minor .  I n  t h e  r e g i o n  of l o w  c o n c e n t r a t i o n  

(s t -ages  1-5), the d i f f e r e n c e s  become 1-arge. O b s e r v a t i o n  of t h e  c o n t a c t o r  

i n d i c a t e d  t:hat much of t h i s  d i f f e r e n c e  could be  due t o  e n t r a i n m e n t .  

However, t h e  d i s c r e p a n c y  betiween the e x p e r i m e n t a l  and p r e d i c t e d  

c o n c e n t r a t i o n s  cou ld  a l s o  be a t t r i b u t e d  t o  unce r t a in t i t r : ;  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 f f i c i e n t s .  'The c o n c e n t r a t i o n  of uranium i n  s t a g e  16  i a 

detcrmincd by a mass b a l a n c e  around the e n t i r e  system. The c o n c e n t r a t i o n  

i . 1 ~  s t a g e  1.5 i s  reJ.ati .vel~y c e r t a i n  because  i t  i s  only one s t a g e  away from 

s tage  1 6 .  However, the  c o n c e n t r a t i o n  i n  s t a g e  1 i s  i n f l u e n c e d  by a l l  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  i n  the s t r i p  s e c t  i o n .  Each of  t h e s e  c a l c u l a t e d  

c o e f f i c i e n i s  h a s  a degree  of  u n c e r t a i - n t y ,  s o  t h e  p r e d i c t e d  concen t r aL ion  

irt stage 1 i s  t h e  most u n c e r t a i n  v a l u e  i n  t h i s  s e c t i o n  of  t h e  c o n t a c t o r .  

The (-oncentx-ar.ions i n  the s c r u b  s e c t i o n  ( s t a g e s  1 7 - 2 4 )  are  determined 

p r h a r i l y  by a m a s s  b a l a n c e  around t h e  e n t i r e  system. T h i s  i s  because  

tlie same amount of  uranium iwst 1.eave s t a g e  1 7  i n  t h e  o r g a n i c  p h a s e  as t h a t  

which e n t e r e d  s t a g e  25 i n  t h e  aqueous f eed  stream under  t h e  cond i t i . ons  used. 

The concentrat i .oa p r o f i l e  I n  t h e  s c r u b  s e c t i o n  also t e n d s  t o  be f l a t ;  

hence, i t  i s  l i t t l e  s u r p r i s e  t h a t  t h e  experime?ntal  and p r e d i c t e d  

concen;rati on.5 -i.~-l t i le  scriib sect  j.on are  s o  c l o s c .  
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F i g .  4 .  A comparison of t h e  uranium response  c u r v e  d a t a  p o i n t s  
w i c h  t h e  c u r v e  c a l c u l a t e d  by SEPHTS-MOD4. 
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F i g .  5. A comparison o f  t h e  n i t r i c  a c i d  r e sponse  curve d a t a  p o i n t s  
w i t h  t h e  c u r v e  ca l  CUI a t e d  by SEPHTS-MOD4. 
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F i g .  6. A comparison of the experimental uranium concentration 
p r o f i l e  in the aqueous phase w i t h  the profile calculated by SEPHIS-MOD4. 
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Fi.g. 7. A comparison of the experimental uranium concentration 
profile in the organic phase w i t h  t h ~  p r o f  i 7 e cal.cu1ated by  SEPNIS-MOD!+. 
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The feed s t a g e  ( s t a g e  25) shows t h e  e f f e c t s  of incomple te  mixing.  

There  i s  a v e r y  ssna1.1 d i f f e r e n c e  between t h e  expe r imen ta l  o r g a n i c  

c o n c e n t r a t i o n  and t h e  p r e d i c t e d  v a l u e .  T h i s  i s  due t o  t h e  o v e r a l l  mass 

b a l a n c e  f o r  t h e  s a m e  r eason  as i n  t h e  s c r u b  s e c t i o n .  However, t h e  

e x p e r i m e n t a l  aqueous c o n c e n t r a t i o n  i s  much h i g h e r  t h a n  t h e  p r e d i c t e d  

v a l u e .  

stream w i t h  t h e  c o n t e n t s  of  t h e  mixer .  Such n - o n i d e a l i t i e s  are  not  

s i m u l a t e d  by t h e  program. 

T h i s  i.s due  t o  incomple t e  mixing of t h e  300-kg U/rn3 f eed  

The e x t r a c t i o n  s e c t i o n  ( s t a g e s  25-32) i.s s imi l a r  t o  t h e  s t r i p  

s e c t i o n .  I n  r e g i o n s  of  low c o n c e n t r a t i o n ,  t h e  p r e d i c t e d  c o n c e n t r a t i o n s  

g i v e  a poor i n d i c a t i o n  of t h e  a c t u a l  r e s u l t s .  T h i s  i s  due t o  e n t r a i n m e n t ,  

mixer  i n e f f i c i e n c i e s ,  and t h e  u n c e r t a i n t y  i n  t h e  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 f f i c i e n t s ,  

SEPH'TS-MOD4 is  in t ended  t o  p r e d i c t  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  

c o n c e n t r a t i o n s  in s o l v e n t  e x t r a c t i o n  c o n t a c t o r s .  Exper imenta l  t r a n s i e n t  

r e s u l t s  demons t r a t e  the a b i l i t y  o f  t h e  program to pred i - c t  t h e  t i m i n g  of 

w a v e s  of s o l u t e s  p a s s i n g  through t h e  c o n t a c t o r .  S t e a d y - s t a t e  r e s u l t s  

i n d i c a t e  which s e c t i o n s  of t h e  c o n t a c t o r  a r e  s a t i s f a c t o r i l y  s imula t ed  

by the program. 

when t o  t r u s t  and when t o  d i s r e g a r d  t h e  r e s u l t s  of  SEPHIS-MOO4. 

With t h i s  i n f o r m a t i o n ,  t h e  u s e r  shou ld  be  a b l e  t o  j u d g e  

5 .  INPUT CARDS FOR SEPHIS-MOIY+ 

,4ny computer r u n  w i t h  t h e  program i s  comprised of one  o r  more cases. 

Each case i s  d e f i n e d  by a t i t l e ,  t h e  number of  s t ages ,  t h e  TBP c o n t e n t  

of t h e  o r g a n i c  phase ,  and any  special  p i p i n g .  

i n t o  one  o r  more time period:;. 

fced-s t ream f l o w  rates and c o n c e n t r a t i o n s ,  t h e  s t a g e  volumes, t h c  i n i t i a l  

p r o f i l e ,  and t h e  product -s t ream f l o w  ra tes ,  The t i m e  incrcmenr ,  t h e  

t i m e  between p ro  Eile p r i n t i n g s ,  and t h e  convergpnce tolclrarrce may be. 

changed a t  any  t i m e  w i t h i n  a g i v e n  time p e r I o d .  

f o l l o w s  : 

T h e  case i s  subdiv ided  

A t i m e  p e r i o d  i s  c h a r a c t e r i z e d  by thr? 

The i n p u t  deck  i s  as 
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..__.l....l.l Card .._. No. . -.. Card coluinns V a r i a b l e  d e s c r i p t i o n  

S t a r t  of t h e  n e x t  case 

1 FO-RFZc\T (212 ,  2 F 8 . 0 ,  4 2 2 )  

1-2  
3 -4 

5-12 

13-20  

21-22 

23-24 

25-26 

27-28 

2 

1-80 

NTTL = number of  t i t l e  c a r d s  (up  t o  t e n ) .  

NTOST = iiumber of s t a g e s  ( u p  t o  100) .  

CTHP = volume f r a c t i o n  of THP i n  t h e  

o r g a n i c  phase .  

'TEMPT = i n i t i a l  and d e f a u l t  t empera tu re ,  

NSTR = s p e c i a l  p i p i n g  i n d i c a t o r .  

= 1 f o r  s p e c i a l  r o u t i n g  i n d i c a t e d  by 

by LSTR and JSTR.  

= 0 o t h e r w i s e .  

ISTR = s t a g e  number. 

J S T R  = s t a g e  number. 

When s p e c i a l  p i p i n g  i s  used ,  t h e  o r g a n i c  

stream from s t a g e  ZSTR i s  fed t o  s t a g e  JSTR. 

I R X N  = i nd i - ca t ion  o f  r e a c t i o n  ra te  e q u a t i o n  

b e i n g  used .  

= 0 f o r  no r e a c t i o n .  

= 1 f o r  i n s t x n t a n e o u s  r e d u c t i o n  of P u ( 1 V ) .  

= 2 f o r  r e d u c t i o n  of  P u ( I V )  by U ( 1 V ) .  

= 3 f o r  r e d u c t i o n  of  P u ( 1 V )  by hydroxylamine.  

FORMAT (10A8) 

Case t i t l e  t o  be p r i n t e d .  Up t o  t e n  c a r d s  

which d e s c r i b e  t h e  case. 

A f t e r  t h e  tit1.e c a r d s  have been r e a d ,  the new c a s e  i s  begun. A l l  

volumes, f l ows ,  and c o n c e n t r a t i o n s  a re  set  t o  z e r o .  

_- ... .- .I-._ _- 
... ....-... -. . V a  r i ab  1 e d e SLY-:! p t i. o n 

_I_I_ 

Card columns - Card N o .  

3 FORMAT ( 4 F 8 . 0 ,  712) 
_.__-.-.I.... 

1-8 DTHETA = t i m e  i-ncrement: ( inin) .  

9-1.6 DPRINT = t i m e  between s u c c e s s i v e  p r i n t i n g s  

of t h e  c o n c e n t r a t i o n  prof  i~1.e. 
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--̂I - ________ 
l_l_l--- Card No. Card columns V a r i a b l e  d e s c r i p t i o n  --I- -I 

17-24 

25-32 

34 

36 

38 

40 

42 

TSTOP = t i m e  when t h e  c a l c u l a t i o n s  w i l l  

s t o p  and a new c a r d  N o ,  3 w i l l  be  read t o  

start  a new time p e r i o d  o r  c a s e .  

TO]., = t o l e r a n c e  ( p e r c e n t  p e r  minu te ) .  

When t h e  t o l e r a n c e  i s  m e t  i n  eve ry  s t a g e ,  

a n e w  c a r d  No. 3 w i l l  b e  r e a d  t o  s t a r t  a 

new t i m e  p e r i o d  o r  case. 

NEWIN = l >  i f  new feed  streams are t o  be  

spec  i f Led a 

= 0 ,  i f  t h e  p r c s e n t  f e e d  streams a re  

t o  b e  con t inued .  

NEWOUT = 1, i f  new p roduc t  sLreams are  t o  

b e  s p e c i f i e d .  

= 0, i f  the p r e s e n t  p roduc t  s t r e a m s  

a r e  t o  b e  con t inued .  

IVOLEl s p e c i f i e s  how mixer  volumes w i l l  be  

,q i ven  . 
= 0 ,  i f  t h e  p r e s e n t  mixer  volumes w i l l  

be  con t inued .  

= 1, i f  t h e  new volumes are t o  b e  g iven  

by phase.  

= 2 ,  i f  t h e  new volumes are t o  be  g iven  

3s a t o t a l  voLume, w i t h  t h e  phase  s p l i t  

a c c o r d i n g  t o  t h e  f low r a t i o .  

= 3 ,  i f  t h e  new volumes are t o  be g i v e n  

by t h e  phase  f low m u l t i p l i e d  by a u n i t  t i m e .  

IVOLS s p e c i f i e s  how t h e  se t t ler  volumes 

w i l l  be g iven .  The i n d i c a t o r s  are i d e n t i c a l  

t o  t h o s e  f o r  IVOLM. 

IBRO = 0 ,  i f  t h e  p r e s e n t  c o n c e n t r a t i o n  

p r o f i l e  i s  t o  b e  con t inued .  

= 1, i f  a new i n i t i a l  p r o f i l e  i s  t o  be  

rend i n .  
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II_ _.._..I_. 

Card No. Card column I-.I- V a r i a b l e  d e s c r i p t i o n  _..l.I.l __ 

44 IFAST = 0 ,  i f  t h e  Ruage-Kutta i n t e g r a t i o n  

i s  t o  be used. 

= 1, i f  t h e  Faster, b u t  l e s s  a c c u r a t e ,  

i i i t e g r a t  i o n  i s  des.i r e d .  

I P N C H  = 0,  i f  c a r d s  a r e  n o t  wanted. 

= 1, i f  c o n c e n t r a t i o n  p r o f i l e  c a r d s  

are  t o  b e  punched when TSTOP o r  TOL 

i s  reached .  

FORMAT ( 2 1 2 ,  8 F 8 . 0 ,  1 2 )  

Feed stream c a r d s  which w i l l  be r e a d  only 

i f  NEWIN = 1. 

1: = s t a g e  number where this i e e d  w i l . 1  

e n t e r .  

J H A S  = 0 f o r  o r g a n i c  f e e d  s t reams.  

= 1 f o r  aqueous f eed  streams. 

FDRT = f l o w  r a t e  ( l i t e r s / m i n ) .  

C O N I  = n i t r i c  a c i d  c o n c e n t r a t i o n  ( E ) .  
CON2 = uran.i.um concenCra t ion  ( g / l i t e r ) .  

CON3 = p 1-utonium (I U) concent  r a  t ioii 

( g / l i t e r ) .  

C ON4 = p l u  t onium ( I I I) co tic e n  t r a t i on 

( g / l i t e r )  e 

CON5 = plui:onii-im r e d u c t a n t  c o n c e n t r a t i o n  ( M )  .- . 
CON6 = i n e x t r a c t a b l e  n i t r a t e  i o n  

c o n c e n t r a t i o n  ( M ) .  - 

TEMP = f eed  temperaiiur-e ( " C ) .  I f  'TEMP = 

0 . 0 ,  the d e f a u l t  tt2mpeirature (TEMPI) i s  

7 0  

5 

used.  

I N D E X  = 0, i f  i h i s  i s  t h e  l a s t  f eed -  

stream ca rd .  

= 1 ,  if more feed-stream c a r d s  f o l l o w .  

EORF~AT ( 2 1 2 ,  F8 .0 ,  L2) .  

P roduc t  stream c a r d s  which w i l l  be  r e a d  

o n l y  i f  NE:'rJO[JT = 1. 
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Card No. Card column V a r i a b l e  d e s c r i p t i o n  -- 
1-2 I = s t a g e  number where t h e  s t r eam w i l l  

leave 
4 JHAS = 0 f o r  an organic  product  stream. 

= 1 f o r  an aqueous p roduc t  stream. 

5-12 OTRT = f low ra te  of produc t  stream. Tf: 

OTRT is  l a r g e r  t h a n  t h e  a p p r o p r i a t e  f l o w  

th rough  s t a g e  T, the e x i t i n g  rat-e w i l l  be 

se t  so t h a t  t h e  e n t i r e  phase,  bu t  no more, 

i s removed .I 

INDEX = 0,  i f  no more product -s t ream c a r d s  

Follow. 

= 1, i t  mor( '  p roduct -s t ream c a r d s  fo l low.  
F O W T  (7F10.0) 

T n i t i a l  p r o f i l c  c a r d s  which w i l l  be r e a d  

o n l y  i f  TPRO = 1. An aqueous card No. 6 

fo l lowed by a n  o r g a n i c  c a r d  No. 7 i s  

r e q u i r e d  f o r  e v e r y  s t a g e .  

C O N 1  =: n i t r i c  a c i d  c o n c e n t r a t i o n  ( E ) .  
CON2 = uranium c o n c e n t r a t i o n  ( g l l i t e r ) .  

C O N 3  = plutonium(1V) c o n c c n t r a t i o n  &/ l i t e r ? .  

C O N 4  = plu tonium(1iT)  c o n c e n t r a t i o n  ( g / l l t e r ) .  

C O N 5  = plu tonium r e d u c t a n t  concentration (M) .  - 

CON6 = i n e x t r a c t a b l e  n i t r a t e  c o n c e n t r a t i o n  ( M ) .  - 
'I'PROF = s t age  t empera tu re  ( " e ) .  
FOFPIAT (75'1 0.0)  

Organic  p r o f i l e  c a r d .  

CONI = n i t r i c  acid c o n c e n t r a t i o n  ( g ) .  
CON2 = uranium c o n c e n t r a t i o n  (g / l i t . t . r ) .  

 CON^ = pIutonium(IV) c o n c e n t r a t i o n  (g j l i r te r )  . 
C O N 4  = plutonirim(1IT) c o n c e n t r a t i o n  (M) I . 
CON5 = plu tonium r e d u c t a n t  c o n c e n t r a t i o n  (E). 
CON6 = i n e x t r a c t a b l  e n i t r a r e  c o n c e n t r a t i o n  ( E )  + 
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.... .. . ._ ..............I.-_-_I___ ~ ..... ~ 

Card N o .  I Card col.uniri Vaci&le d e s c r i p t i o n  -_I_. _..__l_ 

8 

2 

3-4 

5-12 

61-70 EQCKDG = T h i s  v a r i a b l e  i s  a check on how 

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

shou1.d no t  put a n y t h i n g  i n  t1ii.s f i e l d .  

When t h e  p r o f i l e  c a r d s  are  punched by t h e  

program, a 1 . 0  i s  p u t  h e r e  Lo s i g n i f y  t h a t  

t h e  phases are  i n  approximate chemical  

equ i l i -b r ium,  

FORMAT (212, 2F8.0, 12). 

Vol-umes f o r  mixers and s e t t l e r s .  These 

c a r d s  a re  needed o n l y  i f  IVOLM o r  IVOLS 

e q u a l s  1 o r  2 .  

LSEC = 1. f o r  mixer volumes. 

._....I--.... ___-_I. I_ ..-- 

= 2 f o r  s e t t l e r  volumes. 

I = s t a g e  number. 

VOLA 

I f  IVOLM = 1 and 1 S E C  = I ,  o r  i f  IVOLS = 1 

and 1:SEC = 2 ,  VOLA = aqueous volume. However, 

i f  IVOLM -- 2 and TSEC = 1, o r  i f  LVO'LS = 2 

and ISEC -= 2, VOLA = t o t a l  vol.ume. 

13-20 VOLO = o r g a n i c  volume i f  IVOTAM = 1 and 

I S E C  = 1, o r  rVOI,S = 1. and ISEC = 2 .  

22 INDX = 0 f o r  t h e  l a s t  volume c a r d .  

= I, i f  more volume c a r d s  f o l l o w .  

A f t e r  t h e  l a s t  volume c a r d  h a s  been re'id i n ,  t h e  program b e g i n s  

c a l c u l a t i n g  c o n c e n t r a t i o n s .  When the e l a p s e d  t i m e  i s  eqiml t o  TSTOP o r  

t h e  t o l e r a n c e  i s  met, a new c a r d  No. 3 i s  r e a d .  I f  t h i s  c a r d  i s  merely 

g i v i n g  new DTHETA, BPRINT, TSTOP, TOL, CFAST, o r  IPNCH v a l u e s ,  t h e  

c a l c u l a t i o n  continuec,  as  b e f o r e  b u t  w i t h  t h e  new v a l u e s .  If t l i i s  c a r d  

r e q u e s t s  t h a t  new f e e d  streams, p roduc t  streams, c o n c e n t r a t i o n  p r o f i l e s ,  

o r  volumes be  used ,  t h e  d e s i r e d  i n f o r m a t i o n  w i l l  be r e a d  i n  and t h e  

c a l c u l a t i o n  r e s t a r t e d  for t h e  new t i m e  p e r i o d .  A t  t h e  s tar t  of a new t i m e  

p e r i o d ,  t h e  e l a p s e d  t i m e  w i l l  be set t o  0.0.  
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To  s i g n a l  t h a t  c a l c u l a t i o n s  a r e  t o  be done on a new case, t h e  c a r d  

No, 3 must have  DTHE'I'A = 0 . 0  and DPRINT = 1 .O.  When such  a c a r d  i s  used ,  

t h e  new case i s  begun, and a c a r d  No. 1 i s  read i n .  

When a l l  c a l c u l a t i o n s  have  been completed,  t h e  c a r d  No. 3 should  

have  DTHETR = 0.0 and DPRTNT = 0.0 or j u s t  a b lank  c a r d .  This w i l l  s t o p  

the e x e c u t i o n  o f  t h e  program. 

6 .  CHOOSING C O N D I T I O N S  FOR SEPHIS-MOD4 

Choosing c o n d i t i o n s  f o r  SEPHIS-MOD4 i s  a r e l a t i v e l y  easy  t a s k .  

C e r t a i n  conven t ions  a r e  used  t o  a r r a n g e  t h e  s t a g e s  and s t r c ~ a m s  f o r  t h e  

program. For s t e a d y - s t a t e  cases, only  t h e  feed-s t ream f low rates and 

c u n t e n t r a t i o n s  a re  impor tan t  i n  de t e rmin ing  the f i n a l  c o n c e n t r a t  ion p r o f i l e  

The remain ing  v a r i a b l e s ,  however,  are  s t i l l  impor t an t  t o  t h e  program 

and shou ld  b e  chosen  c o r r e c t l y .  Cases i n v o l v i n g  t r a n s i e n t  p e r i o d s  tend  

t o  b e  more complex, bu t  e x p e r i e n c e  w i t h  t h e  program i s  h e l p f u l  i n  choos ing  

v a l u e s  f o r  t h e  more impor t an t  v a r i a b l e s .  

The s t a g e s  i n  c o n t a c t o r  are  a r r anged  so t h a t  t h e  aqueous streams 

f low toward h i g h e r  numbered s t a g e s  and t h e  o r g a n i c  streams f l o w  toward 

lower numbered s t a g e s .  One e x c e p t i o n  t o  t h i s  r u l e  is  a l lowed.  The 

o r g a n i c  stream from one s t a g e  can  be  d i r e c t e d  t o  any o t h e r  s t a g e  th rough  

the u s e  o f  NSTII, ISTR, and JSTK on ca rd  No. 1 .  T h i s  arrangement  of t h e  

s t a g e s  aLlows many combina t ions  o f  c o n t a c t o r s  to be  s i m u l a t e d .  Simple 

examples  o f  t h i s  are  g i v e n  i n  t h e  n e x t  s e c t i o n .  

6 . 1  S teady-S ta t e  Cases 

S t e a d y - s t a t e  c a l c u l a t i o n s  are used p r i m a r i l y  f o r  f l o w  s h e e t  t e s t i n g  

and depend main ly  on t h e  number of s t a g e s  and t h e  i n p u t  strciams. S ince  on ly  

t h e  f i n a l  r e s u l t s  are  i m p o r t a n t ,  c e r t a i n  v a r i a b l e s  ( s t a g e  volumes, t h e  

i n i t i a l  c o n c e n t r a t i o n  p r o f i l e ,  and t h e  method o f  i n t e g r a t i o n )  may be 

n e g l e c t e d .  These v a r i a b l e s  have  only a s m a l l  impact  on t h e  c a l c u l a t e d  

f i n a l  c o n c e n t r a t i o n s .  However, i f  a p p r o p r i a t e  v a l u e s  a re  g iven  t o  t h e s e  

v a r i a b l e s ,  t h e  c a l c u l a t i o n a l  p rocedure  i s  smoother ,  f a s t e r ,  and easier.  
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Assurniiig t h a t  t h e  s t age  arrangement  and f l o w  ra tes  have been de te rmined ,  

t h e  f i r s t  v a r i a b l e  t o  he  se t  on c a r d  No. 3 i s  DTHE'1'A. T h i s  i s  t h e  t i m e  

i nc remen t .  D'I'IIETA shcu ld  always be  set  i n  r e l a t i o n  t o  t h e  r e s i d e n c e  t i m e  

f o r  a s t a g e ,  as d e f i n e d  by :  

vo 1 UTIIC 
T = -.--- f low ra te  th rough  t h e  volume 

For  s t e a d y - s t a t e  c a l c u l - a t i o n s ,  a r e a s o n a b l e  c h o i c e  i s  1:o l e t  [)THETA e q u a l  

t h e  r e s i d e n c e  t i m e  € o r  a mixer, o r  h a l f  of t h e  r e s i d e n c e  t i m e .  La rge r  

v a l u e s  may produce i - n s t a b i l i t i e s  i n  t h e  e q u a t i o n s ,  w h i l e  smaller v a l u e s  

consume computer t i m e  u n n e c e s s a r i l y  . 
D P K I N ' T  atid TSTOP a re  t h e  nex t  v a l u e s  t o  b e  determi-ned. TSTOP sets 

t h e  t-irne when t h e  c a l c u l a t i o n s  w i l l  s t o p  i f  t h e  tu l - e rance  h a s  no t  heen m e t .  

S i n c e  s t e a d y - s t a t e  v a l u e s  a re  d e s i r e d ,  TSTOP should be  s e t  t o  a hi-gh v a l u e  

(slich a s  1000.0) so t h a t  t h e  ca .1cu la t ions  w i . l l  most l.i.kely b e  s topped 

by  t h e  s t e a d y - s t a t e  t o l e r a n c e .  D P K I N T  d e t e r m i n e s  t h e  t ime  i n t e r v a l .  between 

s u c c e s s i v e  p r i n t i n g s  o f  t h e  c o n c e n t r a t i o n  p r o f i l e .  I f  o n l y  t h e  s t eady-  

s t a t e  v a l u e s  a r e  t o  be pri-ri ted,  DPRLNT c a n  be s e t  equal. t o  TSTUP. A sma1.l.er 

v a l u e  f o r  U P R i N l  can be used t o  check the p r o g r e s s  toward s t e a d y  s t a t u .  

TOL sets t h e  s t e a d y - s t a t e  t o l e r a n c e  used t o  s t o p  t h e  c a l c u l a t i o n s .  

Wher, t h e  i n v e n t o r i e s  of all t i le so l .u t e s  i n  a l l  t h e  s t a g e s  are  changing by 

less t h a n  'TOT., ( p e r c e n t  p e r  m i n u t e ) ,  a s t e a d y  s t a t e  i s  d e c l a r e d  arid t h e  

p r o f i l e  i s  p r i n t e d .  A low v a l u e  shou ld  be chosen €or  TOL; a v a l u e  of  

0 . 0 1  i s  u s u a l l y  s u i i i c i e n t  . 
IVOIJM and IVOLS i n d i c a t e  how t h e  volumes w i l l  be  de t e rmined .  The  

easiest  method f o r  s t e a d y - s t a t e  c a l c u l a t i o n s  i s  t o  se t  I V O L M  and IV0.LS 

equal t o  3 s o  'ihat no volame c a r d s  need t o  b e  punched. 

LPKO can be  s e t  as d e s i r e d  since t h e  i n i t i a l  p r o f i l e  h a s  l i t t l e  

e f f e c t  on t h e  f i n a l .  p r o f i l e .  

t i m g  i f  t h e  i n i t i a l  p r 0 f i J . e  i s  r ead  f r o m  c a r d s .  

The c a l c u l a t i o n s  may t a k e  more ( o r  less) 

6 . 2  T r a n s i e n t  Cases 

It is r e l a t i v e l y  s imple  r o  s e l e c t  c o n d i t i o n s  f o r  s t e a d y - s t a t e  

r a l c u l a t i o i i s  because  fewer v a r i a b l e s  need t o  b e  s p e c i f i e d  f o r  a n  a c c u r a t e  

p r p d i c t i o i i  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 s  f o r  a c o n t a c t o r .  T r a n s i e n t  

case.; are  more complex s i n c e  more v a r i a b l e s  are  i m p o r t a n t .  The i n i t i a l  
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s t a t e  of  t h e  c o n t a c t o r  shou ld  be  s p e c i f i e d  more c1.osel.y; l.ikew:i.se, 

t h e  s t a g e  volumes and t h e  c h o i c e  of DTHETR are more important. 

The i n i . t i a 1  s t a t e  o f  t h e  c o n t a c t o r  i s  impor t an t  s imply  b ~ : :  I <  <Ills(? 

i t  is  t h e  s t a r t i n g  p o i n t  f o r  t h e  c a l c u l a t i o n s .  The c.onc:entrat:i.on 

p r o E i l e  should  be  g i v e n ;  o t h e r w i s e ,  t h e  program will assume t h a t  t he  

c o n t a c t o r  c o n t a i n s  o n l y  water and the s o l v e n t .  The i n i t i a l .  st:at.c! 

c a n  be s p e c i f i e d  b y  a set  o f  p r o f i l e  c a r d s  ( c a r d s  6 and 7 )  or by % h e  

r e s u l . t s  o f  a preced ing  c a l c u l a t i b n .  

The volumes i n  t h e  contactror  may be s p e c i f i e d  by any d e s i r e d  method 

wh:i.ch g i v e s  an accura te .  r e p r e s e n t a t i . o n  of t h e  c o n t a c t o r  i n  quest:-i.on .. 

The volumes are  c r u c i a l  i.n d e t e r m i n i n g  t h e  time l a g  a s s o c i a t e d  with t h e  

changes  and ra tes  of changes i n  . c o n c e n t r a t i o n .  Thus,  good p red ic t i . ons  

o f  t r a n s i e n t  p e r i o d s  r e q u i r e  r e a s o n a b l y  good v a l u e s  for t h e  volurues i o  a 

c o n t a c t o r .  

DTHETA has an impor t an t  impact  on t h e  e r r o r s  a s s o c i a t e d  w i t h  t h e  

i n t e g r a t i o n  methods used by  SEPHZS-MOIl4. The des i re  for s m a l l  errclrs 

must be bal-anced aga ins t  t h e  concomi.tant requi rement  of Longer comput.i.r!g 

t i m e s .  Tab le  1 i n d i c a t e s  the e f f e c t  of LTL'WETA. Ihe r e s u l t s  a p p l y  t o  ii 

s imple  per fec- t  mixer  case. The ana.l.yt:i.cal s o l u t i o n  w a s  found by ZLXI e x a c t  

i n t e g r a t i o n .  of  t h e  d i f f e r e n t i a l  equa.tio11 which d e f i n e s  a per fec t  mixer I 

The resu1.t .s  f rom SEPIIIS-MOD4 a p p l y  t o  a n o n t r a n s f e r r i n g  component which 

should  e x a c t l y  fol.low t h e  ana1ytica:I .  solutri.on. For  t h e  Runge-Kutta 

i n t e g r a t i o n  scheme, all v a l u e s  o f  DTHETA t h a t  were less t h a n  one- - four th  

of t h e  r e s i d e n c e  t i m e  were i n  good agreement  wi th  t h e  ana l j r t i . ca1  so.Lution. 

Larger  v a l u e s  f o r  DTHETA show a gradual .  i n c r e a s e  i n  t h e  i n t e g r a t i - o n  errors; 

t h a t  i s ,  t h e  size of t h e  e r r o r  increased .  as UI'I-IETA i-ncreased. The 

f a s t e r  t r a p e z o i d a l  i n t e g r a t i o n  produced e r r o r s  even w i t h  much I.ower D'CNETA 

values. It shoi1l.d be  no ted  t h a t  t h i s  tab1.e o n l y  ind i . ca t e s  how w e l l  t h e  

program i n t e g r a t e s  d i f f e r e n t i a l  equat i .ons.  A comparison w i  t.11 a c t u a l .  

condi . t ions i s  g i v e n  i n  an e a r l - i e r  sec t - ion .  For  accurate p r e d i c t i o n s  o f  

t : r ans i en t  p e r i o d s  w i t h  t h e  Runge-Kut.t:a i . n t cg ra t ion  method DTHE'I'A s1ioul.d he, 

a t  mos t ,  equal. t o  one -qua r t e r  of t h e  r e s i d e n c e  t%mc-! .  Even Lower  val.urzs 

are  sugges t ed  i f  t h e  c o n c e n t r a t i o n s  are c1iangi.n.g r a p i d l y .  7 1 h ~  t ~ a p e ~ r i d a i  

method shou ld  n o t  be  used fcr t r a n s i e n t  p r e d i c t l o n s  u n l e s s  the 

c o n c e n t r a t  i o n s  are charigillg s lowly .  

I 3  
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Table 1. 'The eEEect of DTHETA on integration accuracy 

~ .- 

Time Analytical Runge-Kutta integration 'Trapezoidal intsration 
sol-ution -I .- DTHETA1-r = . .... DTHETA/r: 

114 1.12 -. . . . . .. _ _  1 114 1 -- 112 ~ _.._ 
I__- 

0 . 0  

0.25 

0 .5  

0 .75  

1 . 0  

1 . 2 5  

1 . 5  

1 . 7 5  

2 .0  

2.25 

2 .5  

2.75 

3 .0  

0 . 0  

0.221.2 

0.3935 

0.5276 

0.6321 

0.7135 

0.7769 

0.8262 

0.8647 

0.8946 

0.9179 

0.9361. 

0.9502 

0 . 0  

0.2212 

0.3935 

0.5276 

0.6321 

0.71.35 

0.7169 

0.8262 

0.8647 

0.8946 

0.9179 

0.9361 

0.9.502 

0.0 

0.3932 

0 . 6  3 1.8 

0.7766 

0.8645 

0.9178 

0.9501 

0.0 0.0 

0.2222 

0.3951 

0.5295 

0.6250 0.6340 

0.7154 

0.7786 

0.8278 

0.8594 0.8661 

0.8958 

0.9190 

0.9370 

0.9473 0.9510 

0.0 0.0 

0.4000 

0.6400 0.6667 

0.7840 

0.8704 0.8889 

0.9222 

0.9533 0.9630 
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These g e n e r a l i z a t i o n s  c o n c e r i ~ i n g  t h e  r anges  o f  v a l u e s  f o r  t h e  

var iab1 .e~  a r e  in t ended  t o  i n d i c a t e  some of  t h e  ways t h e  program may be  

r u n .  D i f f e r e n t  p r i o r i - t - i e s ,  however, w i l l  l e a d  t o  t h e  c h o i c e  of d i f f e r e n t  

v a l u e s  f o r  t h e  v a r i a b l e s ,  and t h e  u s e r  shou ld  r e l y  on h i s  e x p e r i e n c e  w i t h  

t h e  program t o  de t e rmine  which vaI.ues wi1.1. s u i t  h1i.s r equ i r emen t s .  

7 .  EXAMPLES O F  SEPRTS-MOD4 CALCULATIONS 

7 .1  Example 1 - A Steady-S ta t e  Ca1.culation f o r  a Six-St:xge 
Contac t  o r  

T h i s  is a s i h p l e  example c a l c u l a t i o n  f o r  a sj.x-stage u ran ium-s t r ipp i  ng 

c o n t a c t o r  as shown i n  F i g .  8. i h l y  s t e a d y - s t a t e  r e s u l t s  are d e s i r e d ,  so 

o n l y  t h e  f i n a l  c o n c e n t r a t i o c  p r o f i l e  w i l l  b e  p r i n t e d .  No vo1.ume or i n i t i a l  

profi.1.e c a r d s  s r e  n e c e s s a r y ,  s i n c e  t h e y  h a i r e  a negl ig i .b le  impac t  o n  t h e  

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 .  For t h i s  t y p e  of c a l c u l a t i o n ,  o n l y  the f eed  

streams (and p roduc t  streams i f  p r e s e n t )  need t o  b e  s p e c i f i e d .  The r e s u l t s  

t h a t  a r e  p r i n t e d  li.st a l l  t h e  i n f o r m a t i o n  requi . red  t o  r e p e a t  t h e  c a l c u l a t i o n .  

The f i n a l  c o n c e n t r a t i o n  p r o f i l e  i n d i c a t e s  what c o n c e n t r a t i o n s  may b e  

expec ted  i n  the c o n t a c t o r  and in t h e  end s t r eams .  T h i s  c a l c u l a t i o n  took 

2 . 1  sec o f  e x e c u t i o n  time on the ORNI, I B M  360/91. 

The c a r d s  t h a t  were used to produce  t h e  f o l l o w i n g  r e s u l t s  a r e :  

2 6 0.3 30.0 0 0 0 0 
EXAUPLE 1 
THIS IS R SIRPLE TEST OF A SIX STAGE U R \ I I U f l  STRIPPING COZORN. 
1.0 1000.0 1000.0 0.01 1 0 3 3 0 1 0  

1 1 15.0 0.15 0.0 0.0 0.0 0.0 0.0 25.0 1 
6 0 10.0 0.25 50.0 0.0 0.0 0.0 0.0 55.0 0 
0.0 0.0 
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ORGANIC 

I 

1. r i g .  8 .  Example 1, a six-siage uran ium-s t r ipp ing  contactor. 



C l L C U L l T I O l S  €OR A SOLVLXT EXTRACTION PROCESS N A V I f f i  I W T 2 R L C T I R G  SOLUTES 

ElRrlPLF 1 
T R I I  I S  A STFILE TPST C? A SI?. STAOI U I R A L I I O I  STRIPPING COLUflN. 

OTFETL = 1.CCC 91NOTXS PEB TIRE INCSERE?T 
DPRTAT = 4 G O O . O O O  i l i R U T I S  ELTllPEN PRIUTIRG OF P R O l R E I  
f l R S T  * 1 T P I  t A 9 1  IP?EGR%ITON TECHRICOE *ILL BE OSED 
V R I S  TIIZ PZGICD 1111 TRC W H E N  T I I l ?  = TSTOP = l O G O . O @ O  IIIWUTES, OR A TOLERIIWE 01 TOL = 0 . 0 1 0 0  X PER RINUTE IS REACSED 
NOIELR OF 91LG12 = 6 . . .  
mmIn = 1 INPUT F L O W S  srLL B E  G I V E N  
REYCWT f 0 CU?FUT STFEPIIS WILL B E  URCHLNGIO 
I V C L R  * 3 K I X € R  V O L U n L S  D E T E R R I N E D  B Y  WISE PLOW 
rvczs = 3 2ElTtER v c t ' J t E s  G I V E N  BT P R A S E  F L W  
I T R O  = 0 R A I R  I N I T I A L  PROFILE WILL ROT BP REID 
i F I C U  * 0 KC FUBCRE? CaRC COTWT 
WST1 5 0 X C  UNUSWlL ROVIKIIG PATTERN 
TIRPI E 3.0CCE 0 1  I W I T I h t  6 DEPAOLT TEFPFAk+DPE 
IFXN = 0 Us0 R I I C T I O ( 1 5  ( I I L I .  BE CONSIDERED 

F E E D  t P R C U O C l  SILGE R X T R I C  LCID U R k B I O f l  P O  (IV) PI3 ( 1 1 1 )  AEDBCTAI%T RITRlTB 108 PLOY RLTE T E n P  

&QOFC(IS 1 1 . 5 0 O t - 0 1  0 . 0  0 . 0  0 . 0  0 . 0  0.0 1. 5 0 0 E  5 1  2 5 . 0  
30.C 1 l?f 6 2.50OE-01 5 . @ 0 0 E  O? 0.0 0 . 0  0.0 0.0 1.000E 01 5 5 . 0  

S T R T A H  DLTK mc. (noL/Li (G/L) ( G / I t  G / 1 )  (noWL) ( n o m  1 w n  IN) (C I 

SThGE 1 W X L 6  YCLURE BY PRliSF ! SETTLER 9 O L O i 3 F  B Y  PHLSI: I f i I X E P  ?LOW R R ? E  V I l l IERSTAcE PLOW RATE 
NO. 1 L Q C t O U S  I ORGkRIC I IQOEGUF.  I ORGhBIC 1 AQUEOUS I ORGANIC ! IIQBEOISS 1 ORGANTC 

I I I I I I 
1 j 1 . U 9 J P  07 1 9 . 6 5 5 t  00 1 1.Y93E 0 1  4 9 . 6 5 5 1  G O  I 1.193E 0 1  1 9 . 6 5 5 3  @O 1 1 . U 9 3 E  @ ?  4 9 . 6 5 5 3  O C  
2 1 1.4S3E C 1  1 ' 3 . 6 5 5 1  e0 1 1.493E 01 I 9.655E 00 I l . U 9 3 E  0 1  I 5 . 6 5 5 1  00 I 1 . 4 9 3 E  0 1  I 9 . 6 5 5 2  O C  
3 4 1 - 4 9 ? ?  0 1  I 9 . 6 5 5 1  00 I 1 . t 1 9 3 E  01 I 9 . 6 5 5 2  00 1 1.493E 0 1  I 9 . 6 5 5 E  00 I 1 . 4 9 3 1  0 1  1 9 . 6 5 5 E  00 - .  
I I 1 . Q 9 3 E  01  1 9 . 6 5 5 1  00 I 1 . 9 9 ? E  0 1  I 9 . 6 5 5 2  CO 1 1 . U 9 3 E  0 1  I 9.695E 00 1 l . * ? 3 E  0 1  I 8 . 6 5 5 8  00 
5 I 1 . 4 5 3  C 1  f 9 . 6 5 5 E  00 1 ! . 4 9 3 E  01 9.655E G O  ! 1 . U 9 3 E  0 1  1 9 . 6 5 5 E  00 1 1.893E 0 1  1 9.C55E 00 
6 I 1 . 4 9 3 8  C? 9.655E 0 0  1 1 . 9 9 3 2  0 1  1 Q.655E ? 0  I 1 . 4 9 3 1  0 1  I 4.655E 00 I ? . 4 9 3 E  01 1 9 . 6 5 5 E  0 0  



Eo-a  LO -L 
EO-E99L 'Z 
EO-azSs'E 
iO-J6hL'9 
E 0 -392 5 'E 
EO-a9E Z '6 

[L) ii8HYH3 
1 LIOZNBAUI 

00 ZC66-6 

00 ZLC.8'6 
00 29LL-6 

00 3908'6 

zo aoo0.z 

zo ao0o-z 
zo aooo-2 

20 ~OOO'Z 
20 3000'Z 

20 300c.'Z 

(a) a3LiYH3 
IKOiN IAN I 

LO aooO'E 
LO Z300'E 
LO aooo-E 

I 20-PLLE'9 I 0 -0 
I zo-asto.9 c c '0 
1 20-2516'5 I 0 -0 

I 0'0 ! 0 'C 
0'0 I 0 '0 

I 0-c t 0 -0 
i O'G : 0 :o 
I 0'0 I 0 '0 
I 0'0 I 0 '0 
I I 

10-ZZb~'B 
LO-a6E1 'L 
LO-ZE9E -9 
t 0-a652 '5 
IO-2210-h 
LO-IZSL-E 

13LJWd 
N01L3vuxa 

0'0 
0'0 
0-0 
0'0 
0'0 
0-0 

(V31 
(1111 nd 

0'0 
0 '0 
0'0 
0'0 
0 -c 
0'0 

0'0 
0'0 
0 '0 
0'0 
0-0 
3 '0 

(7/31 
(AI 2 Dd 

0'0 
0'0 
0'0 
0'0 
0 -0 
0 '0 

lV3) 
IhI) Ud 

0'0 
0 -0 
0 '0 
0'0 
0 '0 
0'0 

iTf/o) 
(&Xi Ud 

O'C 
O'C 
0'0 
0'0 
0'0 
0'0 

l1/3) 
(AI> nd 1 
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7 . 2  Examp1.e 2 - S t e a d y - S t a t e  C a l c u l a t i o n  f o r  a Batch E x t r a c t i o n  P r o c e s s  

T h i s  i s  a n  exarnple of how a b a t c h  e x t r a c t i o n  p r o c e s s  can be  slrruil.ated 

w i t h  Lhe SEI'IZIS program. T h i s  p r o c e s s  -is r a t h e r  s imple  t o  descr:i.be. b u t  

d i f f i c u l t  t o  i.magine as a corit: i.tiuous o p e r a t i o n  which SEPIlIS c-an handle .  

O n e  volume o f  aqueous i s  t o  be c o n t a c t e d  w i t h  two p o r t i o n s  of p u r e  s o l v e n t .  

A phase r a t i o  ( o r g a n i c  to aqueous) of 2:l i s  t o  be used i n  each o f  the 

two c o n t a c t s .  The two r e s u l t i n g  o-rgan:i.c s o l u t i o n s  are  t o  be  coml)i.ned 

and s t r i p p e d .  F i v e  strip c o n t a c t s  are t o  be made w i t h  0.4 _. M n i t r i c  a c i d ,  

T h i s  phase  ra1:i.o ( 2 : l )  i.s a l s o  t o  be used  :i.n the s t r i p p i n g  o p e r a t i o n s .  

The b a t c h  operatl ion can be  model.ed by t h e  SEPHIS program as a series 

of c r o s s c u r r e n t  c o n t a c t s ,  as shown i n  F i g .  9 .  "lie s t r i p  c o n t a c t s  are i n  

s t a g e s  1-5, and t h e  e x t r a c t i o n  c o n t a c t s  are i n  s t a g e s  6 arid 7 .  T h e  

fol.l.owing c.ards w e r e  used t o  perform t h e  c a l c u l a t i o n s .  

2 7 0.3 25.0 1 7 5 0 
E n n P L e  2 

1.0 1000.0 1000.0 0 .01  1 1 3 3 1 1 0 
TRIS I5 A BATCA E X T R l l C T I O N  PBOCESS HODELLD A S  C R O S S  C U R R E N T  

1 1 2.0 0.9 0.0 0.0 0.0 0.0 0.0 
2 1 2.0 0.a 0.0 0.0 0 . 0  0 . 0  0.0 
3 1 2 - 0  0.4 0.0 0.0 0.0 0.0 0.0 
u 1 2 - 0  0.n 0.0 0.0 0.0 0 . 0  0.0 
5 1 2.0 0.1 0.0 0.0 0.0 0.0 0.0 
6 1 1.0 2.0 300.0 3.0 0.0 0.0 0.0 
G 0 2 . 0  0.0 0.0 0.0 0.0 0.0 0.0 
7 0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 1 3.0 1 
2 1  3.0 1 
3 1 3.0 1 

COR? ACTS - 
25.0 1 
25.0 1 
25.0 1 
25.0 1 
2 5 . 0  1 
25 .0  1 
25-0  1 
25.0 0 

0 1 3.0 1 
5 1 3.0 0 
2.0 300.0 3.0 
0.0 0.0 0.0 
2.0 300.0 3.0 
0.0 0.0 0.0 
2.0 300 .0  3.0 
0.0 0.0 0.0 
2.0 300.0 3.0 
0.0 0.0 0.0 
2.0 300.0 3.0 
0.17 0.0 0.0 
2.0 300.0 3.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 0.0 0.0 
2.0 300.0 3.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 

0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0  
0.0 
0-0 

0.0 25.0 
0.0 
0.0 25.0 
0.0 
0.0 25- 0 
0.0 
0.0 25.0 
0.0 
0.0 2s. 0 
0.0 
0.0 25.0 
0.0 
0.0 25.0 
0.0 

T h e  c r o s s c u r r e n t  p r o c e s s  has many more i n p u t  and e x i t  streams; hence,  more 

c a r d s  are r e q u i r e d  t o  d e s c r i b e  t h e  p r o c e s s .  An i n i t i a l  p r o F i l e  i s  a l s o  

i i s ed  i n  t h i s  example. I n  sonic c a l c u l a t i o n s ,  t h e  use of t h i s  p r o f i J e  

s p e e d s  t h e  convergence t o  a s t e a d y - s t a t e  r e s u l t .  
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r J x I n n c  z 
T F I S  IS li BATCH CITRACTION PROCESS RODELPD A S  C R O S S  CURRENT COLITLCTS. 

D T H F A  = 1.CCC KINU'IES PER TIRE INCRPtlEN* 
9 P R I I T  = 1 0 0 0 . 0 9 0  RIRUTES BLTPEER P R I N T I N G  OF P P O P I L Z S  
I F I S T  = 1 T P I .  FLS1 I IP€ 'GR~ ' I I0N TECKNIOOr WILL BE WSED 
TATS T I R E  F E R I C U  YIl1 END W H E N  TI'RE = TSTOP = lOOC.000 q I N ' J T 2 5 ,  OR L T O L E B I K E  OF T O L  = 0.0700 f PER KIHOTE IS REICHED 
n u n E L R  O F  S T L C t S  3 7 
B E U I N  = 1 N E R  x n p w  PLOWC UILL BE GIVER 
BEEOUT = 1 !I% CWTFOT 1IOWS WILL E E  G I V E N  
I V O L ~  - 3 RIXIR v o L u n p c  DETERHIWED E T  PHISE PLOW 
rvcts = 3 PETTIIE rciunrs G I V E N  Br P H A S E  FLOY 
IFRO = 1 A W T W  I I ( I T I & L  PROFILE P I L L  RE RERO 
IPRCR 0 6C EUlCREC C h R C  COTPUT 
'1STB 1 R0112IRG PL?TERN OTHER T H A l  RORPkI 
ORGLRIC S T R E R ?  TXTTIUG AT STLG? 7 FEEDS S T I G F  5 
*?*PI = 2.SCCE 0 1  I V I T I A L  6 DEF4ZILT ' I E I P E P L T I R P  
I R X H  = o nc FFLCTICWS WILL er  C O N S I D P R E D  

P?lC E PROFUCI  STAGE NITRIC kCID 
STRFhK D I T I I  10. (ROL/l) 

LCOFCOS 1 U.fJO@E-@T 
woeows 2 U . O O O E - O ~  

n w t c o s  u b.o00:-01 
l Q Q I O O S  3 4 . 0 0 0 E - 0 1  

RQUFOOS 5 R.UOOE-01 
h Q U I O U S  6 2.OOOE 00 

30.0 5 ?eP 6 0.0 
30.0  5 ?BF 7 0.0 

lpoEOos 3 P40D(KIT 
I C O F C U S  2 FRCDUCT 
ACULCUS 3 PRODUCT 

U R I Y I U D  PO (IV) PO (11:) IIEDUCTAHT R I T R A T E  I O N  PLOW R h T E  T E 1 P  
V/ l t  ( W L )  ( W L )  f H O L / L I  ( S O L / L )  IL/*I l l )  1C) 

2 5 . 0  0 . 0  0. 0 0.0 0.0 3.0 
0.0 0.0 0.0 0.0 0.0 2 . 0 0 0 2  0 0  25.0 
0.0 0.0 0 . 0  0.0 0.G 2.000E 03 2 5 . 0  

25.0 
0.0 0.0 0.0 0.0 0.0 2.000E 0 0  25.0 
3 . 0 0 0 ~  02 3.000~ 0 0  0.0 0.0 0.0 1.000E 00 25.0 

0.0 0.0 0.0 2.0008 00 2 5 . 0  
0.0 0.0 0.0 2.OCOE Of! 25.0 

2.0COE 00 

2.000E 00 0.0 0.0 0.0 0 - 0  a . c' 

0.0 0.0 
0.0 0.0 

STAGF I P I K E R  VOLORE ET P R I S E  
NO. I k Q O L O C S  I ORGAAIC 

I I 
1 ( 1.9751 O @  t 3 . 9 6 6 E  O D  
2 I 1.S75E C C  1 ? .966E  00 
I $ t .975€ C G  I 3.9661 00 
U I 1.975L 00 I 3.966E 00 

S T R E A f l  R P H O V E D  (PLCW PATE IN 
S 1 9 E I I  REFOVEI  (PLOY HhT? IN 

I SPTTLER VOLWRE B Y  P R A S E  
1 &POEOOS I ORGANIC 
I I 

3 . 0 0 0 E  00 

3 . 0 0 0 E  00 

3.0G0E G G  

a .oonE 00 

3.oam 00 

I 
I AQOEOUS 1 ORSlNIC 1 AQUEOUS f O R G A N I C  
t t I I 

R I X E R  ?LOU RATE I I R T E R S T L G E  K O 9  RATE 

I 1 . 9 7 5 1  Q?l I 3.966E 0 0  ! 7.975E 00  I 3.9661 00 I 0.0 i 3 . 9 6 ~ ~  ao  

I 1 . 9 7 5 E  00 I 3.96SE 00 I 1 . 9 7 5 E  00 I 3 . 9 5 6 e  00 I 0.0 I 3 . 9 6 6 3  no 
1 j.9751 00 I 3.966t 0 0  I 1 . 9 7 5 8  00 1 3.966E 00 ! 0.0 1 3 . 9 6 6 3  C C  
I 1.975P 00 I 3 . 9 6 6 E  00 I 1.975E 00 I ? . 9 6 6 €  00 I 0.0 I 3.9668 00 

I 1 . 9 7 5 E  0 0  1 3.96EP GO I 0.C I 3 . 5 6 6 E  00 
1 8.Y53E-01 1 1 . 9 8 3 2  00 I B.US3E-01 i 1 . 9 8 3 E  00 
i 8.953E-01 I 1 . 9 8 3 E  00 i 8.U53E-01 1 1 . 9 8 3 E  00 



'ITOF = 0.0 FIKUTIS 
A O V E O D S  F P k S L  

STAGE 1 I T T S I C  ACTO! U X A W I D I l  I 
r10. I I R O L / L )  1 F / X )  1 

1 I 1 
1 I 2.0147 0 0  I 1.3OOE 3 2  I 
1 i PRCDOCT S T R E A N  

P U  (1;I) 
3 G / I ,  

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  
0.0 

'1 Ai?DOCTAHT 

I 
I 0.0 

1 0.0 

I 0.0 

4 0.0 

\ 0.0 

1 0.0 
I 0.0 

I ( n o w )  
I N I T R A T E  I O N 1  
! {?lOL/L)  ! 

I 1 
I 0.0 ! 

1 0.0 I 

1 0.0 ! 

I 0.0 I 

1 0.0 ! 

1 0.0 I 
1 0.0 I 

DIWSITT 
(G/ 85) 

1 . 2 6 9 2  50 

1.259E 0 0  

j.269: 0 0  

1 .269E 0 0  

1.269E 0 0  

1 . 2 3 7 2  0 0  
1.237E 0 0  

2.202E 00 i 2.500E 01  
2.2021 0 0  1 
2.2028 0 0  1 2 . 5 0 0 1  0 1  
2.2028 0 0  1 
2.202E 00 I 2 .500E 01 
Z 2 0 2 E  0 0  I 

i 2409UZ 00 I 1.300E 02  
i I 'IRCtOCT STREAR 
3 2.0:PT 0 0  ! 1.300E 0 2  
I I FPoPtc :  S ' I R I A N  

7 .9712  0 0  

1 . 9 7 7 E  00 

1 .  Y 7 7 E  0 0  

1 . 9 7 7 F  0 0  

1 . 8 O l E  0 0  
1.BOlE 00 

9 1 2.01UZ 00 1 1.300E 0 2  
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5 1 FECCOCT STREAR 
6 1 2.002F 00 I 1 . 1 O B E  0 2  
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CRGABIC I R A S F  
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I 
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2 .5033 2 .500E 01 3 1  

1 . 0 3 1 E  00 1 2.009E 00 
1 2.00% 0 0  

l . O J f J ?  0 0  I 2.OY3D 0 0  
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0.0 

0.0 
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I N V E N T O R ?  
CAAYGE f S )  

9.4362-03 
4. 457E-C4 
0.0 
7 . 3 3 1 2 - 0 5  
5. 92r!-05 
0.0 
0.0 

1 I U.690E-02 
2 4.512E-02 
2 i 4 . 3 2 5 1 - 0 2  

4.3312-02  
E.7?1H-02 c I 1.749L-02 
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7 .5022-0:  ! 2 . 8 0 5 E  00 I 1.087F 5 0  I 8 . 8 1 8 1 - 0 2  
5 . 9 9 6 1 - 0 1  t 1.693E 5 7  1 5 . 1 9 2 2  50 : 3.577E-01 
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The r e s u l t s  of t h e  ca lcu1 .a t ions  i n d i c a t e  t h e  c o n c e n t r a t l o n s  which 

may be expected i n  a1.l t h e  b a t c h  c o n t a c t s .  A s i m p l e  m a s s  b a l a n c e  around 

any s t a g e  demonst ra tes  t h a t  t h e  cont inuous  c r o s s c u r r e n t  p r o c e s s  i s  

a c c e p t a b l e  as  a model of  t h e  b a t c h  p r o c e s s  (as e x p e c t e d ) .  TIfiiis, t h e  

SEPHIS program may b e  used f o r  many p r o c e s s e s  o t h e r  t h a n  cont inuous  

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 s .  The c a l c u l a t i o n  r e q u i r e d  on1.y 0.6 sec o f  

computing t i m e  on t h e  ORNL IBM 360/91. 

7 . 3  Exai~iple 3 - T r a n s i e n t  Ca1cul.ation fo r  Two P u l s e  Columns 

T r a n s i e n t  calc.ul .ations usual1.y requi . re  mare i~nfor rna t ion  i f  a good 

p r e d i c t i o n  i s  t o  b e  made. In t h i s  case, t w o  p u l s e  columns are modeled 

as shown i n  F i g .  10.  It should  b e  noted t h a t  SEPHIS-MOD4 i s  t a i l o r e d  

t o  s i m u l a t e  t h e  a c t i o n s  of m i x e r - s e t t l e r s  r a t h e r  t h a n  p u l s e  columns. Each 

m i x e r - s e t t l e r  s t a g e  modeled by SEPHIS-MOD4 i s  a t h e o r e t i . c a 1  s t a g e .  However, 

columns are  commonly c h a r a c t e r i z e d  by t h e i r  HETS ( h e i g h t  e q u i v a l e n t  t o  a 

t h e o r e t i c a l  s t a g e ) ,  so t h e  changes i n  column c o n c e n t r a t i o n  may a lso be 

s i m u l a t e d  by t h e  program. The s i m u l a t i o n  i s  r e l a t i v e l y  c r u d e ,  b u t  i t  

should  s t i l l  p r o v i d e  a u s e f u l  r e p r e s e n t a t i o n  o E t h e  changes i n  c o n c e n t r a t i o n  

which would occur  i n  a column. 

S i n c e  an  a c c u r a t e  r e p r e s e n t a t i o n  of t h e  column i s  d e s i - r e d ,  t h e  

volumes f o r  t h e  mixing and s e t t l . i n g  p o r t i o n s  uiust b e  speci . f i .ed.  These 

volumes are c r u c i a l .  i n  determini-ng t h e  t i m e  d e l a y s  a s s o c i a t e d  w i t h  t h e  

columns. In t h e  i n t e r i o r  s e c t i o n  o f  t h e  columns, t h e  s t a g e  volume is  

determined by t h e  HETS. 'The s p l - i t  by phases  i s  e q u a l  t o  t h e  f l o w  

r a t i o ,  and t h e  s p 1 i . t  between t h e  mixers  arid sett lers is a r b i t r a r y .  

A t  t h e  ends of each column 

p i p i n g .  These volumes are  

Thus, t h e  volumes For 

s tage volume = HETS x 

are  phaso: d isengaging  s e c t i o n s  and a d d i t i o n a l  

s imply added t o  t h e  a p p r o p r i a t e  s e t t l - e r .  

column A are:  

column c ross  s e c t i o n  
1 

= 10 cm x n x ( 4 . 5  cm)L = 0.64  l i t e r .  

aqueous volumes = [ A / ( A  + O ) ]  x s t a g e  volume = 0.14. 

aqueous mixer  volume = 0 . 2 5  x aqueous volume = 0.036 l i t e r .  

aqueous sett ler volume = 0.11 l i t e r .  

S i m i l a r l y ,  f a r  t h e  o r g a n i c  phase ,  
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F i g .  10.  Exainple 3 ,  an e x t r a c t i o n  and p a r t i a l  p a r t i t i o n i n g  column. 



-45- 

o r g a n i c  mixer vol.ume = 0.12 l i t e r ,  

organic.  se t t ler  volume = 0.38 l i t e r .  

For s t a g e  I, t h e r e  i s  a n  a d d i t i o n a l  0.2 l i t e r  i n  t h e  o r g a n i c  se . t t ler ,  

and i n  s t a g e  5 t h e  0 .2  l i t e r  is  add.ed t o  t h e  aqueous s e t t l e r .  These 

a d d i t i o n a l  volumes are  due  t o  t h e  d i s e n g a g i n g  s e c t i o n s .  

T h e  volumes f o r  column B are determined i n  t h e  s a m e  manner: 

aqueous mixer volume = 0.17 l l t e r ,  

aqueous se t t le r  volume = 0 . 5 1  l i t e r ,  

o r g a n i c  mixer volume = 0.40 l i t e r ,  

o r g a n i c  se t t ler  volume = 1.1.8 l i t e r s ,  

s t a g e  6 o r g a n i c  se t t ler  volume = 1.70 l i t e rs ,  

s t a g e  LO aq,iieous se t t ler  volume = 0 .70  l i t e r .  

The s i t u a t i o n  b e i n g  s i m u l a t e d  i s  t h e  complete  Loss of  t h e  s m a l l  

r e d u c t a n t  stream f o r  30 rnin. The i n p u t  c a r d s  and r e s u l t s  s h o w  how t h e  

probl.em can  b e  handled.  The s t a r t i n g  p o i n t  i s  a s t e a d y - s t a t e  p r o f i l e  

t h a t  was produced by a n  ear l ie r  computer run .  S i n c e  t h i s  i s  a t r a n s i e n t  

case, t h e  t i m e  increment  i.s set  t o  a v a l u e  somewhat lower than t h e  

s h o r t e s t  r e s i d e n c e  t :!.me i n  t h e  columns. T h i s  h e l p s  the i n t e g r a t i o n  

r o u t i n e  follow t h e  changes i n  c o n c e n t r a t i o n  more a c c u r a t e l y .  A f t e r  t h e  

30 min have e l a p s e d ,  t h e  r e d u c t a n t  s t r e a m  i s  r e i n s e r t e d  and t h e  c a l c u l a t i o n  

i s  cont inued  f o r  a n o t h e r  30 mi.n. T h i s  calcuI..at:i.m r e q u i r e d  27 s e c  on 

t . 1 ~  ORNL LBM 360/91. 
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710 0.3 40 .0  0 0 0 1 
EXANPLE 3 
THIS I S  A T R A E T E P I T  C A S E  FOR TWO COLUNNS, EACH COLIIBN RAS PIVE STAGES 
WITH T H E  STAGE VOLUHES DZTERWINED B Y  THE CO&O!!N D I n B N S I D A S .  A l l  I N I T I A L  P R O F I L E  
R A S  B E E N  PREVIOUSLY CALCULATED, AND I S  OSED A S  A S T A R T I N G  POINT FOB THIS 
ROW. TBE S I T O A T I O N  ELIMG RODELEU LS T R E  COflPLETE L O S S  OF TAB REDUCTANT 
STREAN I N  STAGE 3. AFTER T H I B T I  R I N O T E S  WTTR NO REDUCTABT, TAE SSREAN I S  
TORNED O N  AND TRE CONCENTRATTON POLOUED F O R  ANGTHER TBI1HTY NIIOTIS, 
0.125 10.0 30.0 0.01 1 1 1 1 1 0 0  

1 1 0.1 3.0 0.0 0.0 0.0 0.0 0.0 00.0 1 
6 1 0.15 3.0 300.0 3.0 0.0 0.0 0.0 40.0  1 

1 0 0 0 . 3 5  0.0 0.0 0-0 0.0 0.0 0.0 U0.0 0 
5 1 10 .0  0 

U.0003 0 1  2.83BE 00 2.770E 01 0.0 0.0 0.0 0.0 
2.0463-01 8.7463 01  0.0 0.0 0.0 0.0 1.000E 00 
2 .7463 00  4.282E 01 0.0 0 .0  0 . 0  0 . 0  U.OO0E 01 
1.628E-01 9.500E 01 0.0 0.0 0.0 0.0 1.000E 00 
2.6423 00  5.56411 01  0.0 0.0 1.7203-02 I . ~ ~ E - O Z  U.OOOE 01 
1.389E-01 9 .9143 01 0.0 0.0 0.0 0.0 1.000E 00 
2.550E 00 7.190E 01 0.0 U . U 6 9 E - 0 2  1.697%-02 1.7163-02 U . O O O E  0 1  
i . i 8 7 ~ - a i  1 . 0 2 8 ~  02 0.0 0.0 0.0 0.0 1.000E 00 
2.4133 00 1.OOOE 02 1.7U7E-02 4.091E 00 0.0 
9.U79E-02 1.073E 02  1.2302-02 0.0 0.0 
3.000E 00 3.0013 0 2  2.8733 00 0.0 0- 0 
5.958E-02 1.151E 02  1.131E 00 0.0 0.0 
3.00UE 00 2.998E 02 2.73W 0 0  0.0 0.0 
5.969E-02 1.151E 02  1.079E O@ 0.0 0.0 
3.051E 00 2 . 9 4 2 2  0 2  2.552E 00 0.0 0.0 
6.117E-02 1.150E 02  1.0231 00 0.0 0.0 
3.U84E 00 2.235% 0 2  1.900E 00  0.0 0.0 
8.005E-02 1.127X 0 2  9.470E-01 0.0 0.0 
3 . 1 1 2 ~  00 2 . i a u ~  04 2 . 6 7 0 ~ - 0 1  0.0 0.0 
2.439E-01 8.306E 01  6.777E-01 0.0 0.0 
1 1 0.036 0.12 1 
1 6 0.17 0.U 1 
2 1 0.11 0.58 1 
2 2 0 - 1 1  0.38 1 
2 5 0.31 0.38 1 
2 6 0 .51  1.70 1 
2 7 0.51 1.18 1 
210 0.70 1.10 0 

1 1 0.1 3.0 0.0 0.0 0.0 0.0 
3 1 0,001 0.0 0.0 0.0 0.0 1.75 
6 1 0.15 3.0 390,O 3.0 0.0 0.0 

1 0  0 0.35 0.0 0.0 0.0 0.0 0.0 
5 1 10.0 0 

0.0 0.0 

0.125 10.0 30.0 0.01 1 1 0 0 0 0 0  

0- 0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0 . 0  
0. 0 
0 .0  

0 . 0  
1.75 
0 . 0  
0.0 

1-7073-02 4.000E 01 
0.0 1.OOOE 00 

U.OOOE 01 
1.000E 00 
U.000E 0 1  
1.000E 00 
U.000E 01 
1.000E 00 
U.000E 01 
1.000E 00 
a.Oo0E 01 
1.0002 00 

90.0 1 
UO.0 1 
UO.0 1 
40.0 0 



C ~ I C O L L I I O I S  ICR I SCLVZNT EXTRICTION PROCESS RLVING I N T E R A C T I K  SOLUTES 

R L I  BPED FREIICOSXT C R I C O L I T f t ,  L B D  I S  USFS AS A  STARTING POINT FOR THIS 
ROB. I R E  S I I U I T I O X  BEXBG AODRLED IS THE CORFLETE LOSS O F  THE X E D O C T l l T  
STRIAN I N  STLCE 3. A F ? E R  T R I R I T  XXNIJTES WITH R C  REDOCTART, IRE STfiEArl IS 
TORIED O X  LII :  TRL CCRCPRTRITICX POLOWII! FOR ANOTRER THIRTT ~ I N O T P S .  

DT?FTA C . 7 7 5  .YI! iOlEC PER TIRT TICREeENT 
DPRINT - 70.000 RINOTFS ELTHEEN PRINTING OF PROFILES 
I f R S T  = 0 T P F  R U B G E - K O 1 1 1  XNTEGRITIOR RILL BE OSEE 
T K S  TIKE PIBICD WIIZ EMD RHEN T I R E  = TSTOP = 30.000 K I N O I T E S ,  OR A T O L E B A K E  OF TUL 0.0100 '& PZR f l i N 3 T E  IS REICRED 
l l t l O E I R  OF 51161s = 1 0  
nmm = 1 RLII  S W O T  Ptos: i r L L  BE G I v i n  
REWOOT = 1 KZU OUTFIT FLOWS HILL B P  G I I F I  
IVCLK = 1 RQUlOUf LID ORGANIC N I X E R  VOLUIIEC GIVE% 

TFRO = 1 L NEW IRXTIAL PROPTLE WILL 3 E  READ 
I F P C R  * 0 EC FUNCREf C l A Z  CUTPUT 
XSTP = 0 RO UNUCDXL ROUTING PATTERN 
TZ?PI = 4.CCOE 0 1  I U I T I l L  t CfPIULT TEflPFRITURE 
IRX3 = 1 I H I I L R T I I I E O F S  REDOCTION OF PIOTOWIUR 

IVCIS  = t ncwcos IRE OBGLRIC SETTLFR P O L O R E S  GI'IEII 

PEED E PRODOC? S T L G E  HITRIC icIn urtmIun P U  (rv) PO (111) Q E D O C T R N T  NITRATE I o n  FLOW R A T E  TERP 
G / l t  (HOL, /L)  ( n o i m  ( L r B I N )  tC) 

0.0 0 .0  1 . O O O E - 0  1 40.0 L Q U L O U F  1 3.COOE 00 0.0 0-0 0.0 
LCUECOS 6 3 . 0 0 0 E  0 0  3.030E 02 3 . 0 0 0 1  0 0  0.0 0.0 0.0 1.500E-01 40.0 

30.0 1 IFF 10 0.0 0.0 0.0 0.0 0.0 0.0 3.500E-01 Y O . 0  

S?RkRLl D&I& HC. (KOL/L) ( W L I  ( G f i )  

~ Q U E O D S  5 P R O D L T I  STREIIR  m n o v m  (PLOW R I T E  In n c i a  ONITS) 1. O O O E  0 1  

SThGE I M I X L F  PCLUBE EY FHRSE I SLTTLER 70LOF.E B Y  F R A S E  t R I X E R  FLOH RATE I INTERSTaGI: PLOW RATE 
ORGAWIC I A Q W O O S  1 ORGANIC 1 lQ l l tOW5 [ O R G L N I C  uo. I ACULCCS 

I 
1 1 ?.hCOE-C2 
2 I 3.6OOE-02 
3 1 ?.COCL-CZ 
4 I ?.60CZ-O2 
5 I 3.6001-02 
6 1 1.7CCF-Cl 
7 1 1 . 7 0 5 E - C I  
8 1 1 . 7 0 0 E - 0 1  
9 I 1.700E-01 

1 0  I 1.7COE-Cl 

C R G I I I I C  I LQUEOUS 
I 

1.20OE-01 I 1 . 1 0 0 E - 0 1  
1.2OOE-01 I 1.100E-01 
1.2OOE-01 t 1.100E-01 
1.2OOE-01 I 1.100E-01 
1 .2OOE-01  1 3.100E-01 
u .oon i -o i  I T .?OOE-OI  . , ~ ~~~ 

9 , 0 0 0 E - 0 1  1 5.100E-07 
U.000B-01 I 5 . 1 0 0 P - ~ ?  
U-OOOE-01 1 5.lOOE-01 
9.00OE-01 1 7.OOCE-07 

I i 
5 . 8 0 0 2 - 0 1  1 9.073E-02 I 3.472E-01 
3.8COE-01 I 5 . 0 7 3 2 - 0 2  1 3.lr72E-01 
3.8GOI-01 I 9-0732-02 I 3.U72E-01 
3 . a o o ~ - o ?  1 ~ . o ~ ~ E - o z  I 3.4123-01  
3 . a c o ~ - o i  I 9 . 0 7 3 ~ - 0 2  I 3 . 4 7 2 ~ - 0 1  
1.700F 00 I 1.2228-04 t 3.972E-01 ~~~~ 

I.1AOE 00 { 1 . 2 2 2 1 - 0 1  I 3.4721-01 
1.180I: 0 5  1 1 . 2 2 2 1 - 0 1  I 3.9721-01 
1 . m ~ ~  0 0  I t.222m1 I 3 . ~ 7 2 ~ - 0 1  
1 . 1 8 0 P  03 I 1.222E-31 1 3.Y7ZE-01 

1 
5 . 0 7 3 9 - 0 2  1 3 . 4 7 2 8 - 0 1  
9 - 0 7 3 1 - 0 2  I 3 . 4 7 2 1 - 0 7  
9 . 0 7 3 8 - 0 2  f 3 . 0 7 2 E - 0 1  
9.073E-02 ( 3.11721-01 
0.0 f 3.1172E-01 
lr222E-01 I 3 . U l 2 E - 0 1  
1.222E-01 i 3.972E-01 

7. 222E-01 { 3.4721-07 
1.212E-01 { 3.472E-O? 

1.222E-01 ! 3.U?2E-01 
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i I 2 . 7 ~ i 1  00 1 9.2513 01 I 5 . 6 9 8 8 - 0 1  s 010 1 0.0 1 0.0 I 
3 1 2.668F 0 0  1 5 ~ 5 7 l E  0 1  I 7.7321-01 I 0.0 I 0.0 I 0.0 I 
4 1 2.5731 00 1 7.2203 0 1  1 1.9271 00 1 0.0 1 0.0 1 0.0 I 

1 .9831  00 I 2.0231-15 I 0.0 I a . 4 6 ~ ~ - 1 8  I i. I 2 . 4 3 4 P  00 I 1.031F 02 I 
5 1 XSCCOCT STRFIR 
I: I 3.OCOL 00 I 3.001E 0 2  1 

I . P C P L  00 1 2.996E 02 1 
3 ,0911  00 I 2.992F 01 I 

i C  1 3-1UlE 00 1 2.1931 01 I 
I 3 .ueur  00 I 2 . 2 3 4 s  02 I 

L'RGINIC THIS? 
S T ~ C E  1 nimic L C I D I  maaror! 1 
RC. 1 { I C I / I l  1 I G / L )  1 

1 f I 
1 2.C46L-01 3 8.6?6E 01 1 
: I 1.62?t-01 I 9.9291 01 I 
3 I 1.399P-01 I 9 .P3 tP  D l  I 
Q I i . ie7E-oi  I 1 . 0 ~ 0 ~  02 : 

) 9.UOSE-02 I 1.066E 02 I 
6 I 5.95BL-02 1 1. 1511 0 2  I 
7 I * * 5 7 c 2 - 0 2  I 1.151E 02 I 
8 I 5 . i i e ~ - o z  I 1 . 1 5 0 ~  02  i 
9 p S.006E-02 1 1. 1272  0 2  1 

G C  ! 2.1139P-01 I P.3031 01 1 

! 
1 I 2 . e ' i F  00 2 . 7 9 %  01  I 
i 1 2.7971 00 4.2597 C i  : 
2 1 2.6682 0 0  5.582E 0 1  1 
L1 I 2.f72F 00 7.23UE 01 \ 
I 1 2,4?41 OB t.032R 32 I 
5 1 FFECCCT STF I 
C I 3-CCCE 0 0  I 3.CClS D 2  I 

2.8'73E 0 0  
2.737B 00 
2.552E C.0 
1.9C8E 00 
2.6731-01 

PU(Tp7 
(G/I! 

6.93lE-0 1 
7 .  q9ZE-01 
8.6PSZ-Cl 
9.3 001-0 1 

E. 0 I 0.0 1 0.0 I 
0.0 I 3.0 I 0.0 I 

".C I 0.0 1 a.c I 
0.0 I 0.0 1 0.0 I 

2. C 1 0.0 1 0.0 I 

V E X T Q I C T I O R I  PlJ EXTRACT lf!NO3 E I T R I C T I  
PhCTOA 1 PACTOB I FACTOR I 

I I I 
1.lUSE 0 1  I 7.202E 00 1 2.619C-01 1 
8.027E 00 1 5.079f 00 I 2.195E-01 I 
6.385E C O  1 U.062E 00 1 1.889E-01 I 
5.099E 00 I 3.268E 00 1 1.6662-01 I 

i . 5 ~ 3 ~  c c  i . 7 i i e  00 1 i . 9 i i J i  00 I i . 3 a 7 ~ - o i  I 
1.131N ('0 9 . 3 U B E - C I  1 9.5966-01 1 b.EU0E-02  1 
1.079E 00 9 . 3 6 0 E - 0 3  [ 9.6CQE-01 I 4.893E-02 1 
1.023E 90 9,531E-01 1 ?.??RE-01 I 4.8898-02 1 
9.i17OE-01 f 'I,?U3E 3 0  1.223P 00 1 S.561E-02 I 
6.77dE-01 1.035E 0 1  1 b.769E 00 i 2.074b-01 I 

PU (IO) 
fG/Lf 

3.622E-0, 
5 .8  95  E - 0  1 
7. Bh9E-01 
1 .0358  0 0  
1 .4883  00 

C.@ 1 0.c. 1 0.0 I 
c. 0 I c.c I 0.0 I 
0 - 0  I 0 - 0  ! 0.3 I 

2.8732 C C  i 0-0 1 0.0 1 0.0 I 
2.7376 0 0  I 0.0 I 0 . 0  I 

PI) EXTPRC? 1HY03 3X*RICTI 
l k f T C R  , P4CTOR ! 

8 I 
7 . 1 9 4 %  00 : 2.612E-01 I 
5.07qt  00 i 2 . ? & 3 P - C l  I 
4 . O 5 S E  CO : 1 . 8 8 7 E - 0 1  I 

DENSITY 1 H I X E R  FLOW ITEIPBRATURE 
(G/lrL) 1 (L/IIW) 1 (CENTIGAACEI 

I 1 
1.lUOE 0 0  1 1.0091-01 I U.000E 01 
1.160E 0 0  I 1.006E-01 I u . O O C E  0 1  
1.1771: 00 1 1.0088-01 I 4.000E 01  
l .200E 0 5  1 1.010E-01 1 U . O O O F  01  
1 ,2498  0 0  1 1.0168-01 1 4.000L 01 

1.619E 0 0  1 1.500E-01 1 9 . O O C E  01  
1.6198 00 I 1.500E-01 I 4.OOOE 01  
1.611E 0 3  I 1.e99E-01 I 9.000L 0 1  

1.143E 00 i 1.3631-01 I U.OCOE 0 1  

1 1.016E-01 I 

1 . 5 0 ~ ~  OG 1 i . u a u ~ - o ~  1 Y.FGGE 01 

Q E W I T I  I PLQU RATE I 1 4 7 E B T O R Y  
( G / l ( l )  ( L / R I N )  1 CHARGE (I) 

9.9168-31 I f 3.6398-01 I 1.0YtE 0 0  

9.5901-01 I 3.643E-01 I 7.096t-01 
9.593E-01 I 3.645E-01 1 4.072E-01 
9.6393-01 I 3.6473-01 I 1.9611-03 
9.697F-01 I 3.6492-01 I 7.0U0E-02 
9,BllE-01 I 3,6561-01 I 6.751E-04 
S.611E-01 1 3.656E-61 1 b.374E-OQ 
9.808E-01 I 3.656P-01 I 5.027E-04 
9.380E-01 I 3.b5SE-01 I 8 . 3 5 1 1 - 0 4  
9 .QML-01  1 3.6401-01 I 6 . 9 9 9 1 - 0 4  

DEHS 1TI 
( O / R L I  

1.940E G O  
1.160E 5 0  
1.17eE 0 0  
1. Z O O E  00 
1.291(E 0 0  

1.619E 0 0  
1.6?9E 0 0  
1.611E 0 0  
l , + O U E  00 
? -1U31  B O  

J . 2 0 3 P  30 : 7.66UE-51 1 9.b391-01 
2.9261 00 1 1.386E-01 I 9 , 6 U I E - 0 1  
9 . 3 9 6 E - % i  1 4.8110E-02 I 9.81iE-01 
9.6098-01 \ 4.893E-02 t 9.814%-01 
4.778F-C? I 4.8898-02 I 9 ~ 808E- 0 1 

! RIXER FLOS 
I (L/n:a) 
I 
1 1.0OUE-C? 
f LOOSE-51 
1 1.GOS'F-31 
I 1,.3 10E-01 
1 1.0161-07 
I t .3tSE-01 
! 1.500E-01 
1 1.50@E-C1 
I 1.499E-31 
1 T.9848-01 
I 943633-01 

FLOW RhTE 
( L / F I * )  

3.6393-0 1 
3.SU3E-01 
3. b45E-0 1 
3.6975-0 1 
? . 8 4 Y B - 0 1  
3.6 SQE-0 1 
3. €%E-01 
3. b56E-01 
7.6 WE-07 
3. t W 1 - 3  ! 

I 

IT EUP ERATURE 
I { C E N T I G X I D E )  
I 
I 9.000E C l  
I 4.000E 0' 
I U.000E 0 1  
1 I( .OOOE c i  
I 4 . 3 O C E  01 
I 
I U.0OUE C ?  
I 4 . O F O E  01 

1 I M Y E 9 T O R l  
I C i l k R G L  1%) 
1 
i 6.120E-02 
I 4.286E-02 
I 2.7472-02 
1 1 . 9 4 i E - C 2  
1 6.055E-03 
I B.2?3E-09 
I 5.138E-04 
1 0.0 
I 3.6571-011 
i 7 . 9 9 5 ~ - o u  
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TRANSIENT BEPLPIOR R Z S O L I S  RIXER COKENTP4TIOH SIPEX 

2 I 2.7U7E 00 I 8 . 2 5 9 1  01 I 5.8U51-01 
I I 2 . € 6 e E  00 I 5 .5821 0 1  I 7.8491-01 
4 i 2 . 5 7 2 1  00 I 1.23113 07 I 1 . 0 3 5 1  00 

5 I PnocEc? S'KREAI 
5 I 2.b31rZ 00 I 1.032E 0 2  1 1 . 9 8 8 r  00 

6 T 3.000L 00 t X O O l E  02 1 2 .873E 00 
7 I 3.0081 00 I 2 . 9 9 8 1  0 2  t 2.737E 00 

I I 
1 I 2 .0991-01  I 8 . 6 7 6 1  0 1  
2 i 1.6251-01  i 9.U25E e 1  
z 1 1 . 3 2 ~ - 0 1  I 4 . 8 3 8 ~  e1  
U 1 1.186L-01 I 1.02OE 0 2  
5 I 9.397E-02 1 1.0668 0 2  
t I ' .SSF1-02 1 1.1518 02 
7 i 5.97Ci-02 1 1 . 1 5 1 ~  02  
e 1 6 . i i e ~ - o 2  I 1. I ~ F E  02 
E 1 F-CCEE-02 1 1.1212 02  

1C I 2.939E-01 I 8.305E 0 1  

7 .168E-01 
R. 1RZF-01 
a .  8 6  i i - o  1 
9.3S?E-F1 
1.00C.E 0 0  
1 . 7 3 1 E  00 
1 . 0 7 9 t  00 
1 .023E Of! 
9.871E-0 1 
6.7768-0' 

i i 2 . 8 4 ~ ~  00 i 2.6813 01  i 1 . 3 5 1 1 - 0 3  
2 1 2.759E 00 I Q . 0 5 U I  0 1  1 6,8991-01, 
2 I 2.653 00 I 5.112E 01 I 0.0 

0.0 t 0.0 I 0.0 I 1 . 1 4 0 E  0 0  
0.0 1 0.0 1 0.0 1 1 . l B O E  0 0  

I 1 . 1 7 6 E  00 0.0 I 0 . 0  I 0.0 
0.0 I 0.0 1 0.0  I 
0.0 \ 0.c 0.0 I 

0 . 0  I 0.0 I 0.0 I 
0.0 1 0.0 1 0.0 1 
0.0 1 0 . 0  1 0.0 1 
0.0 f 0 . 0  I 0.0 ! 
0. C  I 0.0 I D.0 I 

I 8 X T R R C T I O N (  PLl EXTRlCT I l l103 EXTRRCTI 
PRCTOR 1 QACTOR I FhCTOR 1 

i I j o e i  00 i . 
5 . 0 3 8 1  00 1 3 . 2 2 9 8  00 I 
3 . 6 6 8 2  00 1 2.Y01E 00 1 
9 . 3 4 8 8 4 1  1 9 . 5 9 6 I - 0 1  t 

9.609f-01 I 

I I I 
l . l Y U E  01 1 7. 19Ut  O Q  1 2.612E- i r l  I 
t1.011~ O F  I 5 . ~ 7 1 ~  00 I 2 . 1 ~ 3 ~ - 0 1  I 

9 . 1 ) l t P  00 f 1.867E-01 I 
1.697:-01 I 
1.372:-01 I 
4.8908-02 ! 

4 . 3 6 0 8 - 0 1  I 9 . 8 4 3 P - 0 2  I 
9.5311-01  I 9 . 7 7 8 ~ - 0 1  I u.889x-e2 I 
1 . 2 8 3 ~  @ a  I 1 . 2 2 3 ~  00 I 5.661E-02 I 
1 .035E 0 '  I 6.770F 00 I 2.074E-01 I 

1.2OOE 00 
1 . 2 4 4 E  C0 

1 .619E 0 0  
1 . 6 1 9 8  C O  
1.611E 30 
1.50UE UG 
1. lU3E 0 0  

DENSITY 
( G / n L I  

Y.QU6E-0 1 
9.5U 1E-0 1 
9.593E-0 1 
9. 639E- 0 1 
si. 698 r-0 1 
9.8 11E-0 1 
0.81 1 E- Cl 
9.8C @ F-0 1 
9.7ROE-@ 1 
9.4OCF-01 

DINS I TI 
(G/nLI 

1 . 1 3 R P  00 0.0 1 0.0 I 0.0 
0.0 1 0.0 1 0.0 1 . 1 5 6 E  00 
6 . C 1 5 E - 3 1  1 1.470E-02 I 1.722E-02 1 1.173E 0 0  

I 1.721E-02 1 1.193E CO 9 . 1 1 4 E  0 0  1 0.0 
I 1.710E-02 1 1 . 2 U 2 1  00 U,OA6E C C  I 0.0 

I _ _ _ _  - 
6 i 3 r o o ~ ~  00 i 3 . 0 0 1 ~  0 2  I 2 . 8 7 3 ~  00 I O.D 1 0.0 I 0.0 I 
1 1 3.0091 0 0  I 2.99821 0 2  1 2.717E 00 1 0.0 I 0.0 1 0.0 I 
P 2.051E 00 I 2,992- 02  1 2 . 5 5 2 1  00 I 010 I 0 . 3  1 0.9 1 
9 1 l . 9 8 5 1  00 1 2.2342 02 I 1.qOOBE 00 1 0.0 1 0.0 I 0.0 I 
30 3 3 . 1 Q 2 E  00 1 2.1U3E 0 1  I 2.673E-01 1 C.0 \ 0.0 I 0.0 I 

O R G L R I C  F F a S E  
STIGL I RITWIC KID1 IJ?I&UIWn I P D ( 1 V )  I D  E X T R I C l l O R l  00 E K T R I C T  1HN03 FXT9hCTI 

NO. 1 (ICL/I) f (G/L) I ( G P J  1 IRCTOR 1 P k C I C R  I TlCTOR I 

1 1 2.079L-01 8.6868 01 I 2.752E-03 1 1.1TUE 0 1  1 7.382E 00 I 2.650B-01 I 
2 1 T.677E-01 t 9.U102 0 1  1 1.0121-03 I 8.bO9E O C  I 5.312E @O 1 2-202E-09 I 

I 1 - 9 6 3 1 - 0 1  I 1 Y L ~ F - ~ I  I 9 .7891 01 I 0.0 I 6.864F 00 I 0.0 
1:253E-01 I 1.013E 02  1 2 . 6 8 9 E - 0 2  \ 5.72UE 00 1 2.325%-02 I 1.772P-01 1 

5 { 9.5331-02  f 1.063E 01 I 8.4n9E-01 J 3.912E 0 0  I 5.139E-01 I 1 - 4 2 3 3 - 0 1  I 
6 1 E C a P V - r l ?  I 1 151P 02 ! 1.l3tR 00 I 9 . 3 9 8 1 - 0 '  I 9.596P-01 1 9 .84OE-02  1 

I I I I I I I 

_ . _ _ _ . - ,  . . ~  . 
? i 5.9lCF-02 I 1.151E 0 2  1 1 . 0 7 9 8  00 I 9 . 3 6 0 1 - 0 1  I 9.6091-01 1 4.893E-02 1 
8 1 6.118f-02 I 1. 150t  0 2  f 1 . 0 2 3 8  O D  1 4.531!?-01 1 9.77RP-01 I S.889E-02 1 

s 1 R.CC6E-02 1 1.12?E 0 2  I 9 . 9 7 1 1 - 0 1  { 1.2U3E 3 0  I 1 . 2 2 3 1  00 I 5.661E-3: I 
1 C  1 2.440L-01 I 8.3052 01 I 6.776F-01  1 1 . 3 3 5 2  0 1  t 6 . 7 7 1 1  00 I 2.07'4E-01 1 

1 . 6 1 9 1  30 
1.619E 00 
1 . 6 1 l E  00 
1.50'4E OCI 
1. 1U3E 0 0  

0 EN 5 I TY 
( G / I I L )  

0.43  6E- 0 1 
9.5263-0 1 
9.57 38-0 1 
9 . 6 1  6F-01  
9 . 6 9  1E-0 1 
9 . 8 1 1 E - 0 1  
9 ~ 8 1  1E- U ?  

Y.78OE-0 1 
4.406Z-C 1 

9 .  5 0 a ~ - 0  1 

i t l X E R  PLOY 
( L / l I W  

1.00UE-01 
1 .006E-01 
1.018E-01 
1.02 l e - 0  1 
1.0 27E-G 3 
1.0 27E-0 1 
I. 50OC-0 1 
1.500E-0 1 
1. 999E-0 1 
1 * 484E-01 
1.3631-0  1 

PLOW RLTE 
( L / I ) I N 1  

3.639E-Cl 
3.6431-0 1 
3 .69%-01 
3 .6491-01  3.6 b7E-0 1 

3.656E-01 3,6 56F-01 

3.6 56E-0 1 
3.655E-0 1 
3 .h 4OE-01 

XIXER FLOW 
( L / B I N )  

1 .0048-D1 
1.0CSE-01 
1.0 16E-01 
t . 0 1 ?E-2 1 
1.0 2UE-0 1 
1.024E-01 
t . 5  0OE-01 
1.5COE-0 1 
1.999E-U1 
1.884E-01 
1.363E-01 

FLOW R4TE 
( L / * I N )  

3 - 6 3  82-3 1 
3.6U2E-0 1 
3.6 1,W-0 1 
3.645E-0 1 
3.6Q9E-01 
L 6 5 6 B - 0 1  
3 LSCE-0 1 
3.6553-01 3.6468-0 1 

3.64OE-0 1 

ERPERATORE 
CENT IGR h DE) 

4.000E 01  
u.oaoc' U.000E 0 1  0 1  

U.OOOE 01 
a.OC0E Cl 

4.000E 01 
U.OCOE 01 
U . 0 C O E  01 
4.000E 01 
9.000" 01 

INVENTORY 
C H I l G F  ( % $  

6.12CE-02 
0.2RfE-02 
2 .7911-02  
i .  6 4 2 1 - 0 2  
6 .955E-Cj  
8.2 7 31- C b 
5.1381-04  
0.0 
3.6 97E- C  U 
7.995 E-09 

ERPEBhTURE 
C Eli T IGF k DEI 

4 . O O O E  9 1  
4.000E 0 1  
4 . O C O E  0 1  
4.000I 0 1  
4.00CE 0 1  

4 . O O O P  01 
U . O @ O F  u.0001 0 1  0 1  

4.000E 0: 
b.OO0E 0 1  

TXQENTCRY 
CH4NGE (SI 

5.h21E C 1  
3.823E 0 2  
2 . 6 2 5 1  0 0  
0. a 
u,o 
0.0 
0.0 
1. k 6 3 E-04 



~ - . - 
' 2.oosr 00 1 9.26113 0 3  i ' \ PRODUCT S T R Z A B  

6 I 3.0OOI 0 0  I 3 . 0 0 l E  0 2  I 
7 q 3 . 0 0 U 1  00 I 2 . 9 9 8 1  0 2  I 
e 1 !.OF12 00 I 2 . 9 4 2 3  0 2  I 
9 1 3.4855 00 I 2.234E 02 1 

10  1 3.1U2E C C  I 2. I b 3 E  0 1  I 

O I G A R I C  F P l l  
STAGE 
110. 

q 

2 

a 
5 
t 
7 

8 
5 

70 

6.91ClE-02 I ? .150E 0 2  1 

2.4UOY-0? 1 5 . 3 0 5 1  0 1  1 
P.3:?2-02 ; ? . 4 2 1 2  02 I 

U 1 i . 5 6 2 P  0 0  1 6 . 7 9 5 1  0: ! 
5 1 Z . 0 7 2 E  0.3 ? 9 . 2 3 8 1  0 1  I 

! F R O C C C T  s m m n  
6 9 3.0007 0 0  ! 3.0011 02 I 

PO <IT) 1 P O  < ? f X )  I REOOC'IAN'I  I IIITBLTE 1 3 N I  
( G / L i  I ! G / Z )  I 1 ? O L / I )  I tROWI.1 I 

t I 1 I 
1 0.0 1 0.0 I 1.250E-06 I 0.0 
t 3.0 I 0.9 6 . 3 5 9 2 - 0 7  ! 0.0 1 

I 2.056?-06  I 1.7211-02  1 1.721s-02  1 0 .O 
I 1 . 2 5 2 1  00 I 1. 1952-02  I 1.7191-02  1 0.0 

3 . 8 S 3 E - 0 1  I 0.091E 00  I 0.0 4 1.712e-02  1 

2.873E 0 0  I 0.0 I 0.0 I 0.3 1 ~. ,~ 
2 . 7 3 7 1 !  00 I 0.0 1 0.0 i 0.3 f 
2 . 5 5 2 E  0 C  I 0.0 1 0.0 1 0.0 I 
1.9081! 30 I 0.3 1 0.0 I 0.3 1 
2.673e-01 I 0.0 t 0.0 1 c.0 I 

P U < I ' I )  i n  F X T R A C T I O d l  PO EXTRACT 1311103  Z X T R A C T I  
( G / L )  1 PICTOR I P A C T O R  I ?ACTOR I 

1 I 1 
2.542E-06 1 1.172E 0 1  7 . 3 6 9 2  00 I 2.698E-01 I 
9.310E-07 I 8.3991 0 0  5.1748 00 I 2.199E-01 ! 
0.0 ! 6 . 7 4 1 1  0 0  0.0 1 1 . 9 4 3 E - 0 1  1 

I 1 .745E-Ol I 0.0 
2 .897E-01 1 0 . 0 9 i Z  0 3  2.3C.81-0'1 i ? . 4 6 1 9 - 0 1  1 
; . 4 3 1 E  0 0  ! 9 . 3 4 8 Z - 0 1  9 . 5 9 6 I - 0 1  I 4.8Q31-02  I 
1.079E 0 0  j 9.360E-09 1 . 6 0 3 1 - 0 1  1 4 . 8 4 3 2 - 0 2  1 
1.023E 0 0  1 9.531E-01 9.778Z-01 I U . E 8 9 E - C 9  : 
9 . u : 1 ~ - 0 1  : 1.993X 0 0  7.223E 00 : 5.661E-02 $ 
6.7762-0'1 I 1 - 0 3 5 X  01 6 . 7 7 1 2  00 5 2 - 0 7 4 3 - 0 7  : 

1 5.358E 00 0.0 

, ~. . 
6.0000-TO I 0.0 I 0.0 I 0.0 I 
0.0 4 ' l.924E-04 I 1.72OP-02 I 1.720E-02 I 

: 2.548E-01 1 1.611E-02 1 1.1171-02  I 0.0 
6.a '92-02 1 U.fl92E 00 I 0 .0 j 3.7121-92  I 

I 0.0 I 0.0 t 
1 11.0 t 0.0 7 { 3.0041 0 0  I 2 . 9 9 3 1  0 2  1 2.137B 0 0  ; 0 . 0  I 
I 0.0 1 0.0 5 I ?.051F 00 I 2 . 9 9 2 t  02  I 2 . 5 5 2 1  00 I 0.0 I 
1 0.0 I 0.0 5, 1 ? . a 8 5 r  0 0  I 2 . 2 3 9 1  02 I 1 . 9 0 8 3  00 I 0.0 I 

2 . 8 7 3 2  00 t 0.0 

* o  1 3 . ' ( 4 2 F  0 0  I 2 .1U?P G 1  \ 

O R G A N I C  F r l  
31162 

wo. 
nrrsic n c T o  

(? lOL/L)  

2.0682-31 
1.656-6-01 
1.423Z-01 
1. 226E-0 1 
9.8752-02  
f.  SLEE-02 
C.91CL.-02 
6.T7BE-02 

2.440E-01 
e. C C ~ E - 0 2  

:.02OE 0 2  
1 . C 6 3 1  0 2  
7.1511 0 2  
9.1513 02 
1. l5OE 02  
1.12713 02 
8 . 3 0 5 ~  0 1  

2 . 6 l l E - 0 1  1 0 - 0  I 0.0 , 0.0 1 

PU ( K V )  1 U E X T R A C T I O L  
( G / L )  ; P A C T O R  

2.3'21-39 j 7 . 1 6 5 1  0 1  
8.6362-:0 1 8.25!E 0 0  
0.0 j 6 . 6 1 6 2  00 

5.127F-02 1 2 . 1 0 8 1  0 0  
1.13lF:  0 0  { 9.348E-01 
1.079E 00 1 9.363E-01 
1.0238 0 0  1 9.531E-01 
9 . 9 7 1 E - 0 1  1.2UlE 0 0  
6 .77tE-0:  1 1 . 0 3 5 E  0 1  

0.0 5 . 3 7 2 %  a o  

PO EXTRACT lHN03 EXTRACTI 
FACTOR 1 .ACTOR 1 

I I 
7 . 3 2 1 2  00 j 2.639E-01 I 
5 .213E 00 I 2.1798-01  I 

1 1 - 9 2 2 2 - 0 1  i 0.0 
1 1.712R-0: 1 

(1. U.39BE-02 0 I 1.460:-01 I 
9.596E-01 1 U.l In09-02 1 
Y.609I-01 I 4.8U3E-02 0 

1 . 2 2 3 2  00 1 5.6611-02  I 
6 . 7 7 1 I  00 I 2.0742-01 I 

9 . 7 7 8 ~ - 5 1  I 4.a89e-02 I 

1.139E 
1.157E 
1.17UE 
1 .192 '5  
7.21uz  

1 .619E 
1.61YE 
1.611E 
1.50UE 
?. l b 3 h  

33  
00 
00 
00 
0 0  

0 0  
00 
00 
00 
2 9  

9.52E;-a 1 
9 . 5 7 6 2 - 0 1  
9.41 9L-0? 
9.68 i e-o 1 
9.  $ 1  1E-01 
9.81 1 r-0 i 

9.7802-  0 1 
9 . 6 0 6 2 - 0 1  

9 . 8 o a ~ - C  3 

D E N S I T Y  
( G / R L )  

1.13QE 00 
1. 1 5 7 2  0 0  
1.:75E 00 
? . 1 9 5 P  0 0  
1 . 2 3 3 E  0 0  

1 .619E 00 

1.611E 0 0  
' , . 6 1 9 ~  a o  
7.504E 00 
1. T U 3 2  00 

t 
I 
I 
I 
f 
S 
1 
! 
1 
1 
I 
? 

1 .OOUE-Ol 
7.0358-0 1 
1.0 171-0 1 
1.018E-01 
1.022P-a1  . -~~ . 
1.0223-01 
1.500E-0'1 
7 . 5 ' J O E - O  1 
1 .4991-01  
1.4 84E-Oi 
1.363E-0 1 

I 
I 
I 
I 
I 
I 
f 
I 
I 
1 

01 
c1 
c 1  
07 
6 1  

0 1  
0 1  
0 1  
07 
01 

PLOW HATE ! I N V Z H T O R I  
( L / R I N )  1 C H A N G E  [ X )  

I 
f 
I 
I 

I 
1 

i 
3.6403-01 j 5.0 

3.63BR-01 
3.61121-0 1 
3.6UUE-01 
3.6U5E-01 
3.648E-0 1 
3.656E-01 3.656E-01 

3.6 56 u-0 1 
3 - 6 5 5 1 - 0  1 

1 = 3 30  E-02 
3 .2151-02  
6. 125E-02 
1 . 2 1 9 z  0 1  

0.0 
0.0 
U. 21UE-OU 

1 . 5 o e ~  0 1  

3.5sur-ou 

1. c 222-0 
1.0 22E-0 
1 .5002-0  1.500E-0 

1. U99E-0 
1.4 84E-0 
1. 3 6 3 2 - 0  

r E f l P E R A T U R 2  
( C M T T G R A D E )  

4.000H 9.OOOE 0: 0 1  

9-0001 .  0 7  
4.00f lE C l  
U.000E 0 1  

4.0002 07 
4 .000E  0 1  
U.OUOE 0 1  
4.000L 01 
U . 0 J O I  0'1 

9.11392-01 I 3 .63az -01  I 1 . 7 3 4 ~ - 0 2  
Y.531E-01 1 3.6U29-01 1 3.814E-02 
9.583E-01 j 3.6UUE-01 1 5.UD3E-02 
9 . 6 2 5 1 - 0 1  t 1 .046B-01  1 . 9 5 1 2  C ?  
9 . 6 7 9 2 - 0 1  I 3 . 6 4 8 E - 0 1  I 2 . 7 5 9 1  C 1  
9 . 8 l l E - 0 1  1 3.656E-04 1 0.0 
9 .811E-01 ! 3.6563-01 I 3 . 9 5 6 F - 0 4  
9.808E-01 \ 3.656E-01 1 0.0 
9 . 7 8 0 3 - 0 1  1 3.6552-01  ! 5.121E-04 
9.996:-01 ; 1 . 6 U O E - O ?  i '2.5741-04 



-53- 

AFPENDIX A .  PROGRAM L I S T I N G  
ccccccccc 
C 
C PROGRAM SEPHTS 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
e 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

O R N L ,  SLY,  7978 R E I  I S J O N S  BY A .  D .IITTC HELL 
ORNL R E V I S I O N  OF THE RAINET-WATSON MODIFIED VERSION (ORNL-Ti l -5123)  
WATSON 6 RAINEY MODIPIED THE RICHARDSON-NINCE V ERSTON (AEDL-TME 75-31) 
O R I G I N A L  PROGRAn BY W.S.GNOEI1ER (ORRL 0746) 

TRANSIENT STAGE CALCULATIONS FOR PUREX SOLVENT EXTRACTION PROCESS. 
CALCULATIONS DONE FOR 6 CORPONENTS 

3 TRANSFERRING COHPONENTS COIIWNENT 1 - NTTRIC ACID 
COMPONENT 2 - UlANIUl l  
CORPONENT 3 - PLUTONIUI  ( I V )  

COHWHENT S - P L U M N I U R  REDUCTANT 
CCMPONENT 6 - NITRATE ION 

3 NOW-TRANSPERRING COHPGNENTS COHPONERT P - PLOTOUIWB (111) 

100  STAGES ALLWED,  THE 100 A R E  GOTTEN BY USING NTOST = 00 

D I S C R I P T I O N  OF HOST R R J O R  VARIABLES 
AVOL YOLUKE OF AQUEOUS PHASE I N  XIXER J 
OVOL VOLUKE OF ORGANIC PHASE I N  MIXER J 
ASVOL VOLUEE OF AQUEOUS PHASE I N  SETTLER J 
OSVOL YOLDME OF ORGRNIC PHASE I N  SETTLER J 

R T 5  AQUEDUS TERPERATURE I N  THE SETTLER 
OTS ORGANIC TEHPERATURE IN THE SETTLER 
XFD ( 1 , J )  CONCENTRATION OF CORPONENT I I R  AQUEOUS FEED TO STAGE J 
YPD ( 1 . J )  CONCENTRATION OF CORPONENT I I N  ORGANIC FEED TU STAGE J 
APDRT PLOW RATE ( L I T E R S / R I R )  O F  ACUEOUS FEED TO OIXER J 
OFDRT FLOW RATE ( L I T E R S / R I N )  O F  ORGANIC F E E D  TO EIXER J 
AFDTEM TEMPERATURE O F  AQUEOUS FEED TO RIXER J 
OFDTER TEMPER\TURE OF ORGANIC FEED TO MIXER J 
X ( 1 , J . K )  AQUEOUS CONCENTRATION OP COMPONENT I I N  BIXEA J DURING 

1 T l R r  INTERVAL X KX1 FOR PREVIOUS T I B E  

TPROP n n t R  TEMPERRTWRE 

Kx2 FOR PRESENT T I R E  
xs ( J ,L . I ,K)  L Q U E O U S  Z O N C  or COMPONENT I IN SETTLER J. Z O N E  L, D W R X N G  

A T I I I E  'LNTERYAL K. EACA SETTLER I S  SPLXT I N T O  TNREE 
703183 IN ORDER TO SROOTA OOT THE CRANGCS I N  CONCENTRATION 
OF I T S  RIXER.  THE ZONES CAN BE THOUGAT OF AS VELL 
NIXED TANKS F t O N I N G  I N T O  THE NEXT ZOME OR RIXER.  

A RQUEOUS INTERSTAGE PLOW RATE 
0 ORGRNIC IVTEBSTAGE n O W  RATS 
P.T AQUEOUS IHTRASTAGE PLON RATE 

ALVRT FLOW RATE OP LQUEOUS STREAR LEAVING KIXER-SETTLER BANK 
OLVRT PLOW RATE OF ORGANIC STBEAB LEAVING NTXER-SETTLER BANK 
I O U ? ,  OOU? INTERSTAGE PLOW RATES f N  R E l L  YOLURE UNITS,  

NSOLW I S  THE S U B S C R I P T  FOR THE HIGHEST NUHBERED COIPONERT 

I S O L  I N D I C A T E S  I F  A SOLUTE I S  ( O R  WAS) PRESENT I N  THE 

OT ORGANIC INTRASTAGE Fznw R A T E  

USED ONLY I N  PRIPT-OUT 

I N  THE STSTEN.  I T  I S  USED I U  THE S I R E  BANNER AS 1502. 

CONTACTOR. I T  I S  WSED TO BYPASS USELESS CALCULATIOAS 
O F  ZERO CONCERTRATION. 

S P H  S P E C I F I C  REAT OF ORGRRIC PHASE (AQorOWS ASSIIRED TO BE 1) 
NDIREC DETERRINES THE ORDER O F  THE STAGEWISE CALCULATIONS. 
NDIAEC = 1 FOR CALCULATIONS TO START AT TAE F I R S T  STAGE 

CODWK LARGEST CKANGE I N  SOLUTE INVENTORY OP L COMPONENT 
2.-1 FOR CALCWLATIONS TO START WITH THE LAST STACE 

I N  ?HE MIXER 

T I T L E  I S  THE PROBLEM T I T L E .  
NTOST = TTl'AI. NUMBER O F  STAGES, 3 U S T  NOT EXCEED 100 

T E B P I  A N  I N I T I A L  OR DEFAULT TERPERATURE 
CTBP = VOLUME FRACTION OP DRY T B P  

NSTR = 0 NO UNWSUAL ROUTING PATTERN D E S I R E D  
= 1 ROUTING PATTERS OTHER THAN NORRAt WILL B E  OSED 

NSTR. TSTR, JSTR VARIABLES S P E C I F Y I N G  TAAT THE ORGANIC PHASE 
O F  STAGE I S T R  BE ROUTED T O  STAGE JSTR 

c T R X N  = INDICATOR OP T H E  REACTION USED mR REDQCTION 
C D T R E T A  E T I H E  INCREHENT ( n 1 R U T E s )  
C DPRIN? = ELAPSED TIPIE BETWEEN THE P R I N T I N G  OF P R O F I L E S  
C T S T O P  r T I R E  NHEN THE T I M E  P E R I O D  IS TO END 
C TOL = THE TOLERANCE TO B?? USED TO TEST FOR COBVER6ENCE 
C NEWIN = 0 TF T E E  PRESENT INPUT STREAWS ARE TO BE CONTINUED 
C = 1 IF RPY XRPUT STREARS ARE TO BE S P E C I F I E D  
C NEWODT = 0 I F  T H E  PRESENT E X I T I N G  STREARS ARE TO BE CONTINUED 
C = 1 I F  NEW E X l T I J G  STREAMS ARE TO BE S P E C I P f E D  
C IVOLM = 1 I F  BQCEO(IS AND ORGANIC MIXER VOLOnES ARE TD BE GIVER 
C = 2 I F  TOTAL t i IXZR VOLUME IS GIVEN WITH PHASE VOLURES DETERLIItrED 
C BY PHASE PLOW I N  T R E  N T X E R  
C 5: 3 IF  ALL NITER VOLUMES GTVEN B Y  PRASE FLOW I N  THE X I X E B W N I T  T I H L  
C I V O L S  = 1 I F  AQOEOWS A V O  ORGANIC SETTLER VOLUKES A R E  TO BE GIVEN 
C = 2 IF TOTAL SETTLER P o L u n z  IS GIVEN WXTB P R ~ S E  v o L o n m  DETERMINED 
C BY PHASE FLOW I N  THE RTXER 
C = 3 I F  ALL SETTLER YOLUHBS GIVEN B Y  P A I S E  P L O Y  I N  THE H I X E P W N I T  T I R E  
c I p q n  = o rm a Z E R O  INITIAL CONCEWTRATION PROFILE 
C 1 FOR A NOW-ZERO I R I T I A L  PROYILE 
C I F A S T  = 0 I F  T R E  RUNGE KUTTA INTEGRkTIOR IS TO BE WSED 
C = 1 I F  THE PLSTER INTEGRATION METHOD I S  T O  BE USED 
C I P N C H  5 0 I F  N O  PUNCHED CARD OWTPUT DESIRED 
C 1 MR F I N A L  P R O F I L E  O U T P U T  ON PUXCREO CLRDS 
C 
ccccccccc 
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CORRON/CONTRL/ NTOST,NSOLU ,CTBP, NEWIN,NEWOUT ,SPH,IPNCH, IPAST, I R X N ,  

COIIflOla/cONcS/ X ( 6 , 1 0 0 , 2 )  , Y ( 6 , 1 0 0 , 2 )  ,XS( 1 0 0 , 3 , 6 , 2 )  , Y S ( 1 0 0 , 3 , 6 , 2 )  
COIIFiON/TLOUS/ L ( 1 0 0 )  , 0 ( 1 0 0 )  ,AT(100)  , O T ( 1 0 0 )  
COAFlON/STIEAM/ XPD(6, lOO) ,YPD(6 .100)  ,APDRT ( 1 0 0 )  ,OFDBT ( l o o ) ,  

COMflON/TE!flPS/ TPROP ( 1 0 0 , 2 )  , A T 3 ( 1 0 0 , 3 , 2 )  ,OT§ (100.3,Z) 
CORnOa/VOLS/ AVOL(lO0) ,OVOL(lOO),ASVOL ( 1 0 0 ) , O S V O L ( l 3 0 )  
RELL.8 TITLE ( 1 0 , l O )  
NDXRECrl 

C 
C NEXT CRSE I S  NEB 
C 

. DTAETA,IVOLM,I~OLS,IPRO,TEMPI, I S 0 1  ( 6 )  ,NSFR,ISTR,JSTR,CODUM(lOO) 

- AFDTER (1 00) ,OPDTER ( 1 0 0 )  ,ALVRT (700) , OLVBT ( 100) 

1 0  CONTINUE 
R E h D  3000,  NTTL,NTOST, CTBPPTEM13T, NSTR, ISTII ,JSTR, I R X N  
IF(IAXN.LE.  0) I R X N = O  
D O  11 J = l , X T T L  
READ 1000. ( T I T E E ( J , R )  , N = l , l O )  

IP(NTOST.LE.0)  WTOST = l o 0  
11 COiiTiRUE 

n s o L o = 6  

I S O L ( 1 )  =o 

SPW=0.321+0.078*CTBP 
DO 1U I=l .NSOLO 

1 4  CONTINUE 
C 
C ZLROIIIG OF A R R A Y S  
C 

DO 1 6  J=1 ,BT03T 
CODOR(J) =ZOO. 
AVOL(J)=O.O 
OVOL ( J )  =o. 0 
A SVOL ( J) = O  . 0 
OSVOL fJ1 =o. 0 

15 
1 6  

17 
18 
1 9  
20  

ccccc 
C 
C 

A F D R T ~ J ~  = 0.0 

A C D T E R  (9) =r  E n p I  

O ( J )  = 0.0 

O T ( J ~  =o.o 

OPDRT(J) = 0.0 

OPDTEA I S )  =TERPT 
A ( J )  = 0.0 

AT (J)=O.O 

ALVRT(J)  = 0.0 
OLVBT(J) = 0.0 
00  15 I=l ,NSOLO 
X ( I , J , l ) = O . O  
X ( I ,  J , 2 ) = 0 . 0  
T ( I , J ,  1) =O.O 
T ( I ,  J, 2 )  = O .  0 
XFD(1 , J )  = 0.0 
Y P D ( I , J )  = 0 . 0  
CORTINOE 
COIlTINUC 
DO 20 L=1 .2  
D O  1 9  J=l ,NTOST 
TPROP(J ,L)  =TERPI 
D O  1 8  K = 1 , 3  
ATS(J,K,L) =TEf lPP 
OTS ( J ,K ,L)=TEMPI  

XS(J,K.M.L)=O.O 
TS ( J ,K ,  8.L) = O .  0 
COWTIFllJE 

DO 1 7  R = i , n s o L u  

CORTINOE 
C ONTi WOE 
CONTINUE 

C THIS I S  THE START OF R NEW TIRE PERIOD 
C L N Y  ONE, OR GRCUP OF THESE VARIABLES M A T  BE CHANGED FOR TNE NEW TIME 
C PERIOD. 
c I r  O T R Z T A = O . O  THE PRESENT C A S E  IS E N D E D  A N D  A R E W  O N E  B E G O W  DEPENDING 
C O N  DPRINT. I P  DPRINT=1.0, A NEW CASE I S  STARTED A N D  A NEW T I T L E  RELD 
C I N .  I P  DPRIAT=O.O, TAE PROGRAII STOPS. 
C 
ccccc 

2 1  RE L D  3001 ,  D TAETA ~ DPRXR T, TSTOP , TOL, WEPI N , NEWOUT, IVOLM. IT OLS, IPRO, 
IPAST,IPNCH 

IF(DTAETL.EQ.0.) G O  TU U O O  
I P  ( N E W I N + N E W O l J T + I V O L R 4 I V O L S + I P R O ~ N E ~ O )  60 PO 2 3  
PRTIR E-PRTIME +DPRINT 
PRINT 3 2 0 1  ,DTAE?A 
PRINT 3202 ,  DPRIRT 
IP (IPAST. EQ. 1 )  PRINT 5000 
IP ( IPLST.NE.1 )  PRINT 5 0 0 1  
PI? AT 3203 ,TSTOP,TOL 
GO M l o 0  

2 3  PAINT 1 0 0 2  
DO 2 5  J= l .NTTL 
PRINT 1003, (TPPLE(J.1)  , I = l , l O )  

2 5  CORTINOE 
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PRTAT 7201,DTHXTI 
PRINT 320 2 ,  DPRINT 
IF(SFAST.EQ. 1) P R I S T  
I P  {IFAST. NE. 1) PRINT 
PRINT 3203 ,TSMP,TOL 
PRTST 2 0 0 0 ,  NTOST 

e 
c 
C SChN INPUT SWITCBES POR 
e 

IF(NBWTN.EQ.1) PRINT 
I F  fNEWIM. E0.01 PRINT 

5000 
5 0 0 1  

ERRORS 

3 1  01 
3 1 0 2  

IF (NEWIN.NE. 1. AND. NEWIN-NE .O) PRINT 3109,WEUIN 
IF(WEUOOT.EQ.1) PRINT 3103 
fF(KeWOl7T.EQ.O) PRINT 3 1 0 0  
I F ( N ~ W O U T . N E . l . A N D . N E B O U T ~ ~ E . 0 ~  PRINT 3110,NEBOUT 
IP(IVOLSI.EQ.0) PRINT 3 1 0 5  

IP(IVOLfl.EQ.2) PRINT 2 0 3 9  

IF (IVOLO. LT. O.OR.XVOL8. GT. 3) PRINT 2041 ,IVOLIJ 
IF(IVOLS.EQ.0) PRINT 3 1 0 6  
I F  (IVOLS. EQ. 1) PRINT 2 0 4 2  
IF(IVOLS.EQ.2) PRINT 20'43 
I F  (IVOL5. EQ.3) PRINT 2040  
I P ( I I O L S . L T .  O . O R  .IVOLS.GT. 3) PRINT 2 0 U 5  .TVOLS 
IP ( IPRO.EQ.0)  PRIST 3107 
I P  ( I P R O . E Q .  1) PRIWT 3 1 0 8  

IF(IPNCR.XQ.0) PRINT 2026 
IF(IPNCH.EQ.1)  PRIYT 3111 
I F ( I P N C H . N E . O . L N U . I P n C H . n E . 1 )  PRINT 2028 , IPRCH 
IP(NSTR.EQ.0) PAIWT 203U 
IF (NSTR.bQ. 1) PRINT 2 0 3 5  
I F  (NSTR . N E .  0, A WD - N STR . WE a 1 ) 
IF(NSTR.EQ. 1) PRINT bOOO,ISTR,JSTR 
P R I R f  7 0 0 0 , T E R P I  
TP(IRXN.EQ.0) PRINT 8 0 0 0  
I F  (1RXR.EQ- 1 )  PRINT 8 0 0 1  

IF (IRXR. EQ. 3 )  PRINT B O O  3 

I F ( I ~ ~ I . o . x Q - ~ )  PRINT 2 0 3 8  

IF (TvoLa. E Q . ~ )  PRINT 2 0 4 0  

I P ( I P R O . N E . O . A W D . ~ P R O . N E . ~ ~  PRINT 2003.1~~0 

PRINT 20 36, WSTR 

T P ( I R X N . E Q . ~  PRINT a 0 0 2  

C 
C STlRTS DOES ALL TBE TNPOT REQUIRED BEWRE THE ITERATIONS START 
C 

c 
C 

so 
1 uo 

C 

CALL STARTS 

PRINT 3205 
TOTIOE=O.O 
PRTIRE=O. 0 
D O  50 J=l ,NTOST 
DO 50 I=l ,NSOLU 
X ( T , J , Z ) = X ( I . J , l )  
T ( I , J , z )  a T t I , J , l )  
CONTINUE 
GO TO 200 
CONTINUE 

C STAGES PERPJRtlS STAGE CALCULATIONS FOR EACH TIRE I N T I W L L  
C 

c 
C 

C 
C R E R E L Y  INCRtZRE16ING F I f l E  FOR TEMPS E CONCS 
c 

CALL STAGES (ROIREC) 

NDIREC=-NDI REC 

TOT1 IE=TOTT R E +  DT RET L 
NSTOP-0 
D O  150 J=l,  NTOST 
iP(CODUtl(J)  .GT.TOL) NSTOPZ1 
TPRO? ( J , l ) = T P R O P ( J , Z )  
DO 1 4 8  KZ=1,3 
LTS(J ,KZ,  1) cATS(J,KZ,Z) 

1 4 8  OTS(J ,K7 ,1 )=OTS(J ,KZ,2 )  
DO 1 5 0  I=l .RSOLO 
I F  (ISOL (1). EQ. 0)  G O  TO 150 
X (ItJ, 1) f , J  t 2 )  
T (I, J ,  1) =I (I,J, 2) 
DO 150 K7~1.3 
XS(J,KZ,I .  l ) -XS(J .KZ, I ,Z )  
YS (J,  KZ ,I, 1) =TS(  J, K Z , I ,  2)  

1 5 0  CONTINOE 
C 
C 
C CHECK FOR CONVERGENCE 
C 

IF(WSTOP.EQ .O) TSTOP=TOTIRE 

PPTINE=PRTI ME+DPRIIPT 

2 0 0  COnTIWlJE 
I F  (MTIHE.LT.PRTIIIE.ASD.TOTIIE .LT.TSTOP) GO TO lU0  
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C 
c 
C PRINTTNG CONCENTRATIONS FOR TAE TIME INTERVAL 
C SUBROUTINE PRTOUT DOES ALL TRB CONVERSIONS A N D  CALCULATIONS WHICH 
C ARE RZQUIRBD BEFORE TRE PEUPIL!? CAN BE PRINTED OR PUNCHED. BBChDSB 
C OF THE AEADXNGS, TAE PRINTING I S  DONE I N  PRTOUT WHILE THB PUPICAING 
C CAN BE DONE I N  TAE R A I N  P R O G R A M .  
C 

P R I N T  1 1 0 0 , T O T I R E  
CALL PRTOUT 

C 
C 

C 
C 
C PUNCHED CARD OUTPUT 

2 5 0  IF(TOTIRE.LT.TSI 'UP)  GO TO 900 

C 

2 7  5 
300 

uoo 

C 
C 

1 0 0 0  
1 0 0 2  

IF( IPNCl3 .EQ.O)  GO TO 3 0 0  
ONE=l  .O 
DO 2 7 5  J = l , N T O S T  
PUNCH 

CONTINUE 
CONTINUE 
PRTIME=PRTIME-DPRINT 
GO TO 2 1  
CONTINUE 
I F ( D P R I N T . E Q . 1 . )  GO TO 1 0  
STOP 

1 2 0 2 ,  ( P ( 1 , J . Z )  , 1 = 1 , 6 )  , T P R O P ( J ,  2 )  
PUNCR 1 2 0 2 ,  (F ( 1 , J . 2 )  , I=1 ,6)  ,OS% 

PORMAT ( l O A 8 )  
F O R ~ A T I ' l C A L C U L I T I O N S  FOR X SOLVENT EXTRRCTION PROCESS'. . ' HAVING INTERACTING SOLUTES'//)  

1 0 0 3  PORIIAT ( 8  ' ,1OA8)  
1 2 0 2  FORMAT( l P B E 1 0 . 3 )  
1 1 0 0  FORMAT (s- TIME ' , O P F 7 . 2 , '  MINWTES') 
2 0 0 0  FORMAT(' NUMBER OF STAGES = ' , 1 3 )  
2 0 0 3  FORRAT('  I P R O  = ' , 1 3 , 3 X , ' I N V l L T D  V \ I U E s )  
2026 FORMAT ( @  IPYCl l  = O*, 3 X , * N O  ?UNCHZD CARD OUTPUT') 
2 0 2 8  PDRRAT ( "  IPNCA ' , 1 3 , 3 X , * I N V A L I D  VALOE') 
2 0 3 0  TORRAT( '  NSTR = 0 ' , 3 X , ' B O  NBIJSUAL ROUTIN6 ? A T f E B $ P )  
2 0 3 5  FORMAT(: WSTR = 1 ' .3X. 'ROnTIBG PATTERN OTHER THAN NORSALE) 
2036 FORART( '  NSTA ' , 1 3 , 3 X , 1 1 N V A L I D  VALUE') 
2 0 3 8  PORRAT( '  IVOLR = 1 AQUEOUS A N D  ORGAMIC MITER VOLURES GIVEN') 
2039 PORMAT('  IVOLM = 2 TOTAL N l X E R  VOLORE G l T E N ' )  
20110 TORhAT(9 IVOLM = 3 NIXER VOLURES DETZBMINEU BY PHASE PLOW') 

20U2 FORMAT(' IVOLS = 1 AQUEOOS A N D  ORGANIC SETTLER VOLOSES G I V E N s )  
2 0 U 3  F O R R & T ( *  1VOLS 2 TOTAL SETTLER VOLURE GIVEN') 
ZOUU FORMAT(' I V O L S  = 3 SETTLER VOLORES GIVEN BY PAASE F L O W a )  
2 0 U 5  F O R M A T ( "  IVOLS = ' , 1 2 , *  INVALID VALOE') 
3000 FORMAT ( Z I 2 . 2 1 8 . 0 . 4 1 2 )  
300 1 FORRAT(UFB.0, 8 i 2 )  
3 1 0 1  FORMAT(' NEWIN = 1 N E W  INPUT FLi)SS S I L L  BE GIVEN')  
3 1 0 2  FORRAT( '  NEUIN = 0 I N P U T  PLOWS Y I L L  BE UMCRAAGED') 
3 1 0 3  FORMAT(' NERlOUT = 1 NEW OUTPUT PLOWS WILL BE GIVEN')  
3 1 0 4  FORRAT( '  NEWOUT = 0 OUTPUT S T R E A I S  WILL BE UBCHAIGED') 
3 1 0 5  P O R I I P I T ( ~  IVOLR = D MIXER VOLUMES WILL BE UNCHANGED') 
3 1 0 6  FORMAT(n I V O L S  = 0 SETTLER VOLUR'25 MLLL BE UNCHANGBDq) 
3 1 0 7  FORMAT(* I P R O  = 0 A NEW I N I T I A L  P R O F I L E  WILL NOT BE READ') 
3108 FORRAT( '  I P R O  1 A NEW I U I T I L L  P R O F I L E  Y I L L  BE BEAD') 
3109 PORNAT('  WEWIN = ' , 1 2 , '  INVALID VALUE') 
3 1 1 0  FORMAT(' NEWOUT = p . 1 2 , '  INVALID VALUE') 
3 1 9 1  FORMAT(' IPACA = 1 P R O F I L E  CARDS WILL BE PUNCHED AT EMU OR T I R E ' )  
3 2 0 1  FORRAT('-DTHETA = ' ,OPF8.3, '  hII1UTES PER T I R E  INCREREWT") 
3 2 0 2  PORRAT(* DPRINT - p , 0 P P 9 . 3 , '  MINUTES BETBEEN PRINTING OF PROFILES' )  
3 2 0 3  FOR?lAT(v T H I S  T I R E  PERIOD q I L L  END WHEN T I R E  = TSTOB = ' , O P P 8 . 3 ,  

2 0 u 1  F O R M A T ( *  I v o L n  = 8 e 1 2 , 1  INVALID V A L U E ' )  

. ' MINUTES, OR A TOLERANCE OF TOL =',OPTB.U,' % PER RI?fUi"E IS REAC 

.HED') 
3705 BORMAT ( ' 1 T R k R S I E N T  BEHAPlOR RESULTS R I X E R  COACERTBATPON GIVEN')  
UOOO FORMAT(* ORG4NIC STREAM E X I T I N G  R T  STAGEa J U , *  FEEDS STRGE',IU) 
5000 FORMAT(* I F A S T  = 1 TAE FAST INTEGRllTION TECHNIQUE WILL BE USED') 
5 0 0 1  FORMAT(' IFAST = 0 TtiE RUNGE-RUTrA IXTEGRATION WILL BE USED') 
7000 FORMAT(* TEMPI D , 1 P E 1 0 . 3 , '  I N I T I A L  b DEPAULT TERPERATURE') 
8000 FORMAT(* I R X N  = 0 I40 REACTIONS WILL BE rONSIDERED')  
8001 PORAhT( '  I R X N  = 1 INSTINTLNEOQS REDUCTION OP PLGTONIUM') 
8 0 0 2  FORMAT(' I R X N  2 REDDCTION OF PLUTONIUR BY U R L R I U R  ( I V ) ' )  
8003 FORMRT(* I R X N  = 3 REDUCTION O F  PLUTONIUR BY R~DROXPLARINE ') 

BN D 
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SUBROUTINE STARTS 
C 
C 
C 
C 
C 
c 

C 
C 
c 
C 
C 
C 

SUBROUTIRE STARTS DOES GENERAL INPUT FUNCTIONS. I T  READS ALL THE 
INPOPIIATION REQUIRED TOR A TIME PERIOD, CONVERTS TRE ONITS TO A 
MOLAL BASTS, A N D  SETS THE RYDRAflLICS f O R  THE SYSTEM. 

COIIOON/COATRL/ NTOST.NSOLU. CI'BP, IWIN,  NEWOOT, SPK. IPN~B. I~AST,KRKN,  

COFlMON/CORCS/ X(6,100,2) , Y  (6,100.2). XS (100,3,6,2 1 ,  YS I l00 ,3 ,6 ,2 )  
COOMON/DISTRB/ TEMPC.ARY(6). DTRY (6) 
COOMOI/FI.OWS/ A(l00)  ,O (100) ,RT(?OO) ,OT(lDO) 
C OMOON/IIOLA LC/ A Q  (6) ,OR (6) .TEHP, CONVA ,CONVO, TCONC 
COMllOI/ST9EAR/ RPD(6,lOO) , TPD(6.100) , AlDRT [ 100) ,OPDRT (1 00) 

AFOTEK(100) .OPDTEM (1  00) ,ALVRT(100) , O t V f f P  ( 1 0 0 )  
COMMON/TBHPS/ TPROP(100,2)  ,ATS(100 ,3 .2 )  ,OTS(100 ,3 ,2 )  
COHNON/YOLS/ AVOL ( 1 0 0 )  , OVOL(l00)  ~ ASVOL (100) .OSVOL( 100) 
DIMPNSIOY COW(4) 

- DTAETA , IVOLM , IVOLS , I P  RO , TE# P I  ~I SOL (6 1 , NSTR ,1ST R, JS" E, COD0 M (1 DO ) 

. 

EQCKDG IS A CBECX ON TAB INITIAL PROFILE. I P  EQCKDG = 1.0 TBE PROFILE 
R L S  CREATED BY THE PROGRhII. OTHERtlISE, THE PROFILE COWCENTRATIOAS 
A R E  ADJUSTED SO TAAT THE PHASES ARE I N  EQUILIBRIUM. 

EQCXDGZO. 0 
C 
C 

C R O L A R  CONCENTRATIONS WILT. BE PASSE5 TO THE OOLAL SUBROUTINE. 
t 

c 
C 

c TCOFIC IS A N  INDICATOR POR T I ~ E  HOLAL CONVERSION. TCOAC = - 1  smcE 

TCONCZ - 1 - 0 

DO 5 X = l , 6  
A Q ( T ) C O . O  
OR (I) 50.0 

5 CONTIRUE 
C 
C 
C NEPIN DETERnINES I F  WEW IAPOT STREAIIS ARE TO BE SPECIFIED. N B I I W  = 0 
C INDICATES TART NEW IBPUT PLORS NILL ROT BE G I V E N  SO THE APPROPRIATE 
C SECTION OP TAE PROGRaH SAOULD BE B I P I S S E D .  
C 

C 
C T H I S  SECTION RE-INITIALIZES AND I R P U T S  ALL TAL PEED STREAO IJPORNATION. 

IF(NEHIN.EQ.0) GO TO U O  

C 
C 

DO 10 J=I ,NTOST 
&PDRT ( J )  =O. 0 
O P D R T ( Y )  = D . O  

OPDTRPI(J) ZTEOPI 
D O  10 I=l.?fSOLU 
XPD ( I ,  J) =0. 0 
T P D ( I , J ) = O . O  

APDTEPI (3)  =TEIIPI  

10 COITINUE 
15 CONT1n"dE 

BEAD (5,1001) J,JIIX FDRT, (  
r P ( J . L E . 0 )  5.100 
IP(JHAS.EO. 1 )  G O  ro 20 

:1,6) .TEN NDEX 

OPDRT(J) ZPDRT 
I F (TEHP. NE. 0. ) OPDTEM ( J )  =T EOP 

TF (COY (I) - R E .  0.0) I SOL (I) = l  
Y PD (I , J) =COR (I) 

17 COITIRIIE 
GO 30 

2 0  CONTINUE 
AFDRT(J) CPDRT 
IF (TEHP. NE. 0. ) 
DO 25 111.6 
I P ( C O N [ I )  .NE.O.O) X S O L ( l ) = l  
XPD ( I  , J ) = C O N ( I )  

no 17 1-1.6 

A l D T  EM ( J ) = T  EKP 

25 CONTINUE 
30 CONTINUE 

UO CONTINVE 
I P ( I N D r % . E Q . l )  GO TO 15 

C 
c 
C NEWOUT DETERMIIES IF NEW PRODUCT STREALIS ARE TO B E  S P E C I l I E D .  NEWOUT 0 
C INDICATES TAAT RO NE1 PRODUCT STREAIIS WILL BE SPECIFIED, SO THIS  SECTION 
C O F  TAE PROGRAM WILL BE BYPASSED. 
c 
C 
C THIS  SECTION RE-XiiITlLLIZES L X D  INPUTS ALL TAE PRODUCT STBEAH 1UPORRATIOC. 
C 
c 

IP(REWOUT.EQ.0) G O  TO 6 0  

DO 45 3z1,NTOST 
IILORT(J) I 0 .0  
OLVRT ( J ) = O .  0 

US CDIlTIfTPE 
$0 CONTIIUE 
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R E A D  2001,J ,Jf l IS,OTRT,IXOEX 
I? (J. LE. 0) J= 1 0 0  
IP(JHAS.CQ. 1 )  ALVRT(J)=OPRT 

IP(INDEX.EQ.1)  G O  T 9  50  
I r  (JRAS.EQ.O) OLTRT ( J ) = O T R T  

6 0  CONTINUE 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

C 
S 
C 
C 
C 

IPR0  DETERIIINES I? A N  IRITIAL PROFILE I S  TO BE READ O?F CARDS. I F  ROT 
(IPRO = 0 )  THIS  SECTION OP TAE PROGRAM I S  BTPASSED. 

I? (IPRO.EQ.0) GO T O  80 

TRIS SECTION RE-INITIALIZES THE COXCENTRATION PROPILEG WITH TIE VALOES 

BE THE SIRE A S  THE RIXER COWCENTRATIONS FOR A STAGE- 
R E A D  OPF or T R B  PROPILZ CARDS.  SETTLER CBBCENTRATPOXS A R E  ASSUAED TO 

6 5  

7 0  
80 

DO 70  J=I.NTOST 
RCAD(5.1002) ( X ( I , J , Z )  ,111.6) ,TPBOP{J,2) 
READ(5.1002) ( T ( I , J , 2 )  , 1=1 ,6 )  ,EQCKDk 
I? (TPRO? (J. 2 ) .  Ea. 0.0) T@eOF (J ,  2)  =TERPI 
TPROP (J, 1) =TP$IOF (J, 2 )  
00  6 5  1-1.6 
I P  ( X ( I . J . 2 ) .  NE.O.0) ISOL(1)  = l  
I F ( T ( I , J ,  2) .NE.O.O) I S O L ( 1 )  = l  
CONTI RUE 
DO 70 K = l , 3  
DO 70 L = 1 , 2  
ATS f J ,K ,L)=TPROP(J ,  1 )  
OTS (J , K, L) = T P R O I  (J, 9 )  
CONTINUE 
CORTIAUZ 

BSOLU I S  SET TO TAE SUESCRIPT OF TRE HIGBLIST WUMBERCD COIPOIEKT I$ THE 

SAVES TIRE BY BYPASSING CALCULATIONS WRICR WOULD ALWRYS RESULT I N  
Z E R O  CONCENTRATION. TRUS I? ONLY NITRIC A C I D  IS PRESENT, CALCULATIOMS 
POR THE NOR-EXISTANT PLOTONIUR CAN BE SKIPPED I N  SONE PLACES. 

SISTER. IWL INDICATES WHETPIER a C O ~ P O E E N T  IS PRESENT'. TBPS CHECR 

NSOLU=l 
DO 82 1 = 1 , 6  
Ir ( ISOL(I) .  EQ- 1) NSOLU=T 

8 2  CONTINUE 

CORVRT PRTWTS TRI PEED STREAII INFORIATION, A N D  COllVEBTS TAI CONCERTRATTONS 
TO NOLAG DNITS. 

I r  (REWIM+IPRO. EQ.O) GO TO 120  
C lLL CONVRT 

1 2 0  CONTTNWE 
C 
C 
C 

C 
C 

IF(NEWOUT.EQ.0) GO TO 1 2 2  

c PRINTING T R E  PRODUCT S T R E A R  FLOWRATCS. T R E  PBIHTEO R A T E S  NOT B E  
c T A G  V A L W E S  USED IN C I ~ L C U L R T I O N S  DUE TO T H E  REQUIREMENT T H A T  no NORE 
c OF A PRASE R A Y  FLOW OWT 01 A STAGE T H A N  FLOWED I n .  
C 

DO 1 2 1  J=l.NTOST 
I F  (ALVRT(Y) . R E . O . O )  PRINT 1007 , J ,ALVRT(J )  
I F  (OLVRT ( J )  .NE. 0.0) PRINT 1 0 0 8 ,  J.0LVRT (J) 

1 2 1  CONTINUE 
1 2 2  CONTINUE 

IP(NEOIN+REBOUT.EQ.O) G O  TO 1 2 7  
C 
C SET AQUEOUS AND ORGANIC INTERSTAG3 FLOW ( A  A N D  0) 
C 
C A I S  AQUEOUS IITXllSTAGE PLOW 
C 0 I S  ORGANIC INTERSTAGE PLCW 
c AT IS TOTAL A Q U E O U S  n o s  YITBIW A S T R G E  
c OT IS TOTAL ORGRII IC  FLOW wmnIn A STAGE 
C 
C 

I?(ALVRT( 9)  .GT.A?DRT(l)) ALVRT(1) sAFDRT(1) 

AT(l)=A?DRT ( I9  
IF(OLVRT(NT0S'P) .GT.OFDRT(RMST)) 
O (  NTOSP) =OPDRTfNTOST) -OLVRT(RTOST) 
OT ( W O S T ) = O F D R T  (RTOST) 
DO 125  P2 ,NTQST 

A ( I )  = A  (1-1)  4AFDRT (Ib-ALVRT (I) 
A T ( a  = n ( I )  *ALVRT(I) 
NST = WTOST+'I-I 
I F  (OLVRT (N S Fj - GE. 0 ( 1 SF+ 1) + OID R T ( RST) ) 

OFDRT (RST) 
0 (NST) = O(NST*l)+O?DRT[NST) -OLVNT(NST) 
I P  (NSTR . EO. 1. ARD. NST. CQ .ISTR- 1 ) 

A ( ~ ) = A ~ ~ R ~ ( ~ ~ - A L T R T ~ ~ )  

OLVRT( IsTQST) = O I D B T  (KTOST) 

I ~ ( A L V R T ( I )  .GC.A( I - I )+APDRT(I ) )  A L V R T ( I ) = ~ ( I - ~ ) + A ? D R T ( I )  

OLVRT ( NST) =O ( ASTo 1) + 

0 INST) =OFDRT (NST) -0LV RT (NST) 
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I F { N S T R . E Q .  1 .AND.NST.EQ.JSTR)  

O T ( N S T )  - 9 , ( N S q  + O L V R T ( N S T )  

0 ( N s T ) = O ( I S T E )  *O?DRT ( N S T )  - O L I % T ( N S T )  . + O ( N S T + l )  

C 
C THE I Y T E B S T A B E  PLOIlS A R E  MOW 5 E T  
C 

125 C O N T T N O E  
127 COITIIIUX 

C 
C 
C I V O L n  AND I 7 0 L S  ARE N O 1  C H E C K E D  TO S E E  I F  ANT V O L W I E  CARDS A R E  T O  3 E  
C R E A D ,  OR I F  T H E  VOLUf lES  A B E  E V E N  G O I N G  TO BE  CHANGED 
r 

C 
C 
c 

130 

1110 

145 
c 
c 

I F  ( l V O L S + I Y O L h  E?. 0) GO TO 310 
DO 128  J x 1 , N T O S T  
? P ( I V O L N . N E . O )  A V D L ( Y )  50.0 
IP ( I V O t N .  NE.0 )  O V O L T J )  ~0.0 
I P ( I V O L S . H E . 0 )  I S V O L ( J )  Z0.G 
I P ( I I O L S . N E . 0 )  O S P D L ( J )  XO.0 

I P ( I V 0 L O . E Q .  3 . A I D . I Y O L S . E Q . 3 )  GO T O  200 
1 F ( ? V O L O . E Q . 3 . A N O . r $ O L S . E Q . O ~  GO TO 200 
K F ( I V O L a . E Q , O . A N D . I r O L S . ~ Q . 3 )  GO T O  200 

128 COIIPlNUE 

C 
C VOLIJKES A R E  NOW READ I N .  TO O I R X H I Z E  THE IHPWT C A R D S  I E E D E D ,  T H E  VOLWHES 

N E E D  B E  S P E C I F I E D  ONLY WHEN T H E  VOLWtlE C A A N G E S  PROO T H A T  OF T H E  
P R X V I O U S  STAGE.  

R E A D  ( 5 . 2 1  0 1) 
I? (I. L E . 0 )  I = l O O  

I S E C  , I ,  VOLA ,YOLO "1 NDX 

T P ( I 5 E C . E Q .  1 .AND. IVOLO.EQ.O)  G O  TO 105 
I F ( T T E C . E Q .  2 .AND, IYOLS.EQ.O)  GO T O  1 U 5  
IF ( 1 S E C . E Q .  2 )  GO T O  100 
AVOL (I) =VOLA 
O V O L  (I) = v O L o  
GO To 1US 
A S V O t ( l ) = V O L A  
O S V O t ( 1 )  = S O L 0  
I F  ( I N D X - E Q .  1) GO T O  130 

C P A X  YOLWnES A R E  NOW P R O P A G A T E D  THROOGA OUT T R B  CQLORN 1 N  T H E  OANNER CAOSEN 
C ALI. VOLUIIES  AND FLOWS A R E  P R I N T E D  I1 l l N I  CHANGES M E R E  tlADE 
C 

20 0 

210 

220 

2 3 0  

2 4 0  

250 

260 

270 

280 

300 
310 

IP(AVOL(1) .EQ.O.O) A V O L ( 1 )  = A T ( 1 )  
I F  ( O V O L (  1) a EQ.0.D) OYOI, (1) =Or (1) 
I F ( A S V O L ( l ) . E Q . O . O )  A S V O L ( l ) = A T ( ? )  
I P ( O 5 V O L ( l )  ,EQ.O.O) O S I O L ( ? ) = O T ( l ~  
DO 300 S=l,IITOST 
JEI-1 
T P ( I V 0 L O . E Q . C )  GO TO 2UO 

I P ( A V O L ( 1 )  .EQ.O.O) A Y O L ( T ) = A 7 0 l . ( J )  
C P ( O Y O L ( 1 )  .EQ.O.O) O Y O L ( 1 )  = O V O L ( J )  
G O  T O  240 
? F ( A V O L  (I) . EQ.D.0) 
O V O L ( 1 )  = A V O L ( I )  * O T ( I ) / ( A T ( I )  W T ( I 1 )  
A V O L ( 1 )  = A V O L  (I) -0VOL (I) 
GO TrJ 2U0 

G O  TO (219,220,230) , I V O L ~  

AVOL (I) = A V O L ( J )  + O B O L ( Y )  

A V O L ( I ) = A T  (I) 
O V O L ( T )  *?(I) 
I F  (1YOLs.  E Q . 0 )  GO TC) 280 
GO TO (250,260.270) , I V O L S  
I F  ( A s V O L ( 1 )  .EQ-O. 0) A S V O L ( 1 )  = A S V O L ( J )  
IF ( O S V O L ( T )  . EQ.O.0) O S V O L (  I )  = O S V O L ( J )  
GO TO 280 
I F ( A S V O L ( 1 )  .EQ.O-O) A S P O L ( I ) = A S V f J L ( J )  + O S P O L ( J )  
O S V O I .  ( I ) = A S  VOL (I) LOT ( I )  / ( A T  ( 1 )  +OT (I) ) 

G O  T O  280 
A S V O L  ( I )  = A T ( I )  
O S V O L  (I) = O T  (I) 
I P ( A V O L ( 1 )  . L T . l . O E - a )  A V O L ( I )  50.0 
I P ( O V O L ( 1 )  . L T . l . O E - 8 )  O V O L ( I ) = O . O  
IF (ASVOL (T) a I T ,  1.OE-4)  A S V O L (  I )  cO.0 
f P ( O S V O L ( 1 )  .LT.  1 .OE-8)  OSVOL(1) aD.0 
C O N T I  NOE 
IF ( N E U I l + N E V O O T ~ I V O L A + ~ V O L S .  E P . 0 )  GO T O  Y O 0  
P R I N T  1106 
PRINT 1107 
P'RIIIT llOB 
DO 320  I = ? , W O S T  

A ~ v o L ( I ) = A s V o t ( I ) - O S V O L  (I) 
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C 
C 
C 
C 
C 
C 
C 
C 

3 3 0  

335 

300 
3 4 5  

350  
uoo 

C 
C 

1 0 0 1  
1 0 0 2  
1 0 0 1  

T A I S  SECTION INSURES THAT Ti lE  PHASES RRI IN CHEIICAL XQDILIERIDA 
BEFORE TBE ITERATIONS START. THE CHECK I S  DISABLED UAEN THE I N I T I L L  
PROPILE WAS CREATED B Y  THE PROGRAI, O F  WHEN THE PROFILE W A S  PROM 
CARDS PUNCHED BY THE PROGRLH. 

I F  ( I P R 0 . E Q .  O . O R .  EQCRDG. €Q. 1 . 0 )  GO TO 400 
D O  350 J=l .NTOST 
AY=AYOL IJ) tASVOL 1J) 
O V = O V O L ( J ~  tosvoLiJj  
DO 340 K = l , 3  
DO 330 I = 1 , 6  
A R Y ( I ) = X ( I , J , 2 )  
ICK=O 
TEMPC=TPROF (J, 2 )  
CALL UCOR 
DO 335 I= l .NSOLU 
I F ( I S O Z ( I ) . E Q . O )  GO TO 335 
X (1.J.  f ) - ( O V t Y  (I, J .  2) t A W X  (I, J . 2 )  ) /(AV+C'J*DTRY(I) I 
Y ( 1 .  J ,  l ) = Y ( I , J , 2 1  + ( X ( I , J . Z ) - X  ( I , J , 1 )  ) * A Y / O V  
I F  ( A s s  ( X ( 1 ,  J . l )  - X  ( I ,  J ,  2 ) ) .  GT. 0.0 l*X ( I ,  J . 1 )  ) 
X I I . J .2 I 'X l I . J . 1 1  

ICK=1 

Y i x ; J ; 2 i = Y  ( 1 ; J ; l j  
CONTIW 0 E 
I F ( I C K . E Q . 0 )  G O  TO 3 4 5  
CONE1 WOE 
DO 3 5 0  K=1,3 
DO 350 L = l , 2  
A TS ( J ,  K ,  L) =TPRflQ { J 1 )  
OTS ( J ,  K ,L)  =TPROP'  I . J , l )  
DO 350 I = l , N S O L U  
X S ( J , K , I , L ) = I ( I p J ~ l )  
YS (J.K.1.I.) = Y ( I ,  J . 1 )  
CONTIADE 
RETURN 

FORMAT ( 2 1 2  , 8 P 8 .  O , I 2 )  
PORMAT(8P10.0)  
POANAT l14X,'AOUEOUS ' ,13,5X. 'PAODUCT STREAM RENOVED (PLOB RRTE IN 

. # O L ~ L  ONITS) ' ; 3 o x , i ~ ~ i o . 3 )  ' 

. ~ O L A L  UNITS) * , 3 u x ,  1 p z i o .  3 )  
1 0 0 8  PORM&T(lPX,  'ORGIHIC ' , I3 ,5X, 'PRODCCT S l b E A E  REMOVED (FLOW RATE I N  

1 1  0 1  FORMAT ( 8 X , I  3.2X.8 (' I ' ,2X,  1 PElO.  3 , 2 X )  ) 
1 1 0 6  PORSAT(///IX, 'STAGE I ' , U X , ' f l I X E R  VOLUME BY PHASE' ,UX, ' I  SETTLER VO 

.VOLUME E? PHASE ( ' , l X , ' M I X E R  FLOW R A T E ' , l X , ' l  ' ,UX, ' IHTeRSTAGF P L  

.OU XATE'\ 
1107 FORMAT(8X,*RO. ' ,@('I  AQUEOUS I OAGhNIC I ) )  

1 1 0 8  FORMAT(13X.8 ( '  l ' , l U X ) )  

2 1 0 1  P O R R A T ( 2 1 2 , 2 F 8 . 0 , 1 2 )  
2 0 0 1  ?ORIIAT 1 2 1 2 ,  F 8 . 0 . 1 2 )  

END 



-61- 

SlJBROUTIRE CONVRT 
C 
C 
C SUBROUTINE CONVRT PRINTS THE PEED STREAM INFORBATION. A N D  CONVERT5 THE 
C TORCENTRATIONS PROR THEIR ORIGINAL PORIl TO THE MOLAL U I I T S  WHICH 4RE 
C USED I N  THE CALCQtlTIONS. 
c 

CORnON/CONTRL/ NTOST,NSOLQ,CTBP. NEWII,AEWOUT,SPH.IPNCH, I F A S T ,  I R X N .  

C O n B O N P N C S /  X ( 6 , 1 0 0 , 2 ) , Y  ( 6 , 1 0 0 , 2 )  , X S ( 1 0 0 , 3 , 6 , 2 ) , Y S ( l D 0 . 3 , 6 , 7 )  
COMKON/MOLsLC/ I Q ( 6 )  ,OS! (6) ,TEMP,CO?IVA,CGHYO,TCOPC 
CORHON/5TREAB/ X P D ( 6 , 1 0 0 ) , Y P D ( 6 ,  iOO).APDRT(lOO) .OPBRT(100)  e 

COfiMOH/TEMP S/ TPROF { 100.2)  , ATS (1 00.3.2) 

. D T ~ E P A , I V O L M . f V O L S , T ~ R O , T ~ ~ P I ,  ISOL (6) , N S T R ,  ISTR,JSTR,CODUB ( 1 0 0 )  

- APDTEH (100)  ,OPDTEfl(lOO) ,ALVRT(lOO) ,OLVRT(100) 
OTS ( 1  00 e 3,2) 

t 
C 
C IF HEW INPOT STREAMS HRVE BEEN GIVEN (NEWIN = I ) ,  THIS  SECTION PRINTS 
C ?ND CONVERTS TBEM. 
C 

IP(NBUTV.EQ.0) GO TO 20 
PRTNT 1 1 0 0  
PRIST 1 1 0 1  
DO 10 J='l,NTOST 
IF(A~DR~(JJ+OYDRT(J).EQ.O.O) GO TO 70  
IP(APDRT(Y) . N E . O . )  PRINT 1 0 0 O , J ,  ( X F D ( 1 , J )  <I=1 ,6 )  .APDRT(J) , 

IP (OFDRT (J) . N E . 0 . )  
. RPnTER(J)  

. "JPDTEM(Y1 
PRINT IOO1,CTSP. J ,  (IPD (I, J )  , , I=? ,6 )  .rJPDRT(J) 

c 
C 
C CONVE:85ION T O  HOLAR UNITS. 
C 
C 

XPD (2.9)  EXPD (2.J) /2 38. 
TPD(2.J)  = I P D ( 2 . J )  /238. 
XPD ( 3 , J )  =XPD (3,  J )  / 2  39-  
PFD (3.J) =YPD(3,Y) /239 .  
X P D ( U , J ) = x P D ( k , J ) / 2 ~ 9 .  
YFD(k , J )=YPD(U,J )  /239.  
D O  5 I=1,6 
AQ(1) =XFD(T,J)  
OR (I) = I P D  (1, J) 

TEMP=OFDTER [J) 
5 CONTINUE 

c 
C 
C SUBROUTINE BOLAL CALEULATES TliE MOLAR TO MOLAL CONVE8SION PACTQBS. 
c 

C?,LL MOLAI. 
RPDW (J)= APDRT (J) /COHVA 
OPDRT(J)  =OPDRT(J) / e O N V O  
D O  10 L=I,NSOLU 
9FD ( T , J )  =XPD ( I ,  J) * C O l V A  
YPO (I = r P D ( I ,  J) W 0 4 V Q  

10 C O W T I W U I  
C 
C 
C TP AP I R I T I X L  PROFfLE PiRS BEEN GIVEN (IPRC) = 1) e TBIS SECTION 
C CONVERTS TRE COKCEWPRATIURS A N D  TNITTALIZLS TBE SETTLERS. 
C 

20  TF(IPRO.EQ.0)  GO TO a0 
D O  30 Y='I,RTOST 
X IZ.J, 21 =X 2 ,Y  A /238. 

T ( 3 ,  9 , 2 )  = A  [ 3, J , 2 )  /2 39 ,  
Y ( 3 , 9 . 7 ) = T  (3,5.?)/239. 
X ( 8 ,  J ,  2)  =X f U, J ,  2)  /239., 
'I (4. J . 2 ) - I  (4 , .7 ,1) /239,  
DO 22 I-.?,NSOLU 
A Q ( I ) = X ( I . J , 2 )  
O H  (1) =Y (I. J ,  2) 

T%IP=TPROP{Y,2) 
CRLL ROLAL 
DO 25 I=1,6 
AQ(IP-XQ(1) *COW91 
O R  (I) =OR (I) *COW90 
D O  2 5  L = 1 , 2  

? f f l , J , L ) = O R ( I )  
D O  25 K x 1 , 7  
X S ( J , K , I , L )  = R Q ( I )  
I S  (-7, R,T, T.1 =OR { I )  

P ( ~ , J , ~ ) = T  ( 2 ,  J , ? ~ P ~ x ~  

22 CORTINUt 

x (1 .J I L) = 110 (1) 

2 5  CONTISUE 
30 CONTINUE 
U 0  RETURR 

1000 PORHAT(lUX.'AQUEOUS ' , I 3 * 7  (UX,lPE18-3) ,3X,OPF7.  9 )  
'1001 FORRAT(9X,2PI%. 1, '  f T B P  ' , I 3 , 7 ( U X ,  IPElO.? ) ,  3X.oPP7.1) 
1180 PORMAT(a-FEED F, PRODRCT STAGE n I m I C  KID O R A B H O ~  

i i o t  m R n a T ( 4  S T R E A R  D A T A  40 .  (mm t G f L )  

.PO ( IV)  Po ( I t x )  REWJCTANT NI'PBATE 108 FLOW BhTB . TE8P ' )  

- W/L? ( W L I  (Mot /I, I) ( S O L / t )  (LJfl IN) 
(C3 

EN D 
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SUBROWTIN2 #OLAE 

SUBROUTINE I(0LAL PROVIDES THE CONVERSION @ACTORS (CONTA, CONVU) BETWEEN 
n O E k X  A N D  I l O L A L  WNITS. I Q  A N D  OR CONTAIN TRE COWCENTRATIUNS TO BE 
CONVERTED. PCOWC SIGNALS ?FFE U N I T 5  OF THE CONCENTRhTIONS BEING PASSED. 

TCONC -1 .0  FOR lOLRR CONCENTBATIONS 
TCONC = 1 . 0  PO8 XJLAL COWCENTWBTIOWS 

CORNON/CONTRL/ NTO3T.N SOLO ,CTBP. #El1 N .  NEQOUT .SPN .I PNCH. IPAST.  IBX W .  . DTAETA,IVOLIl,IVOLS. IPRO.TENP1, ISOL (6) ,NSTR, I S P R , J S T R ; C O D U M \ l O O ) ~  
CORIlON/I(OLALC/ & Q  (6) ,OR (6) .TE~P,COAVA,COHVD,TCOW~ 
F=CTBP 
T = 3 . 6  51U5.P 
I@fTCOBC.EQ. l .O)  G O  TO 5 
0 0 S = T / ( 2 . 0 + 0 . 0 9 2 * T )  
POOS=T/(Z.O+O.lB*T) 
ROS=T* i 1.0- 0.00609* ( 3 . 9  5 - 0 . 0 1  U4*TERP) (Pa* 1.65) ) /( l .O+O.Ofr3*T) 
wo=(3. 95-0. o i a w m n p )  * ( p * * i  .6s)* (1 .o-OB p) /uos -oe  ( 3 )  /PUOS- . 0 . 6 5 * 0 R ( l ) / R O 5 )  
GO TO I O  

5 WO=(U. 2-0. o ~ ~ * T E R P )  ( P * * l . 6 9 )  j r - z . o * o a  (2) -2. o*oR(3) -0.  OR( 1 )  /T 
1 0  CONVO= 1 .O+TCONC*(0 .097*OR(2)  +O. 139*OR(3 )+0 .003~0A(1 )+0 .017Q* !30 )  

CONVO=COWVO**TCOIC 
CONVA=O.O72U*AQ(Z) * O .  13*AQ (3) +O. 0 3 0 9 * A Q  ( l )+O.O31*AQ(6 )  
CONVAZ (l.O+TCONC*CONVA) **ICON17 
RETURN 
E N D  
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SUBROUTINE STAGES (NOEREC) 
crcccc 
C 
C 
C SUBROUTINE STAGES I S  NOT COMPLICATED, BIJT MODIFICATIONS TO I T  SHOULD B B  
C FihDE WITH CARE. I T  ERPLOYS A FOURTH ORDER R U N G E - K U I T A  
C TNTEGRATION OF THE DIPPERERTIAL EQURTIONS GOVERNING THE 
C CHANGES IS CORCENTSLTXOBS OF THE MIXERS. CERTAIN VARIABLES 
C T N  TAE EQUATIONS ARE APPROXIMATED A 3  CONSTANTS FOR THF 
C T I H E  TNTERVAL (ATN R O I I )  A N D  DETERMIRED B Y  RECTANGULAR 
C METRODS HALF THE TIMES, A N D  BY TRAPEZOIDAL METHODS THE 
C OTRER HALF (AS SPFCIPIED BY NDTREC). 
C SETTLER CONCERTRATIONS A R E  GIVEN BY TRAPEZOIDAL 

C TEOPERATDRE CHANGES A R B  OaDR B Y  A SIMPLE RERT 
C 8ALRNCE 
C 
C 

C DESCRIPTIO# OF VARIABLES 
C P(r) A N  EVALOATION O F  THE DERIVATIVE I N  THE 1NTECRATTON FOR COnPONZNT I 
C P H I ( 1 )  WEIGHTED TOTAL O? THE VARIOOS P [ I )  COIIPUTED 
C T X I I )  TEST X FOR ITERATION BETWEEN THE CONCS A N D  THE DISTRIBJTIO# COEFP 
C A I N  IS THF SOLUTE C O M I N G  I N  THE AQUEOUS STREAMS 
C O I N  I 5  THE SDLDTE C O R I N G  I R  THE ORGANIC STREAMS 

C DTRY TRIhL  DISTRIBUTIOH COEFFICIENTS 
C NDIREC CHANGES THE STREAM THAT TRE CALCULATIOHS ARE FOLLOWING. ONE TINE, 
c THE CALCULATIONS WILL START WIZH THE P I R S T  STAGE A N D  G O  'PO STAGE N 

c ilETHOOS RATHER TRAR B Y  THE RUNGE-KUTTL INTEGRATION. 

r 

C A R Y  U S E D  IN s i n E  W A Y  AS T X ,  SORT O F  

c (FOLLOWING THE AQUEOUS PHASE). THE UEX'P TIME I T  WILL START WITB 
r 5ThGE N ,  R N D  GO THE OTBER DTRECTION. 
C 
C 
CCCCCC 

C OM OON/CONT RL/ NT OS T , NSOLU, CT BP, NBY I R , N En0 WT, SP H ,I PNC H ,I I R ST, I R X  II, 

cflaMor/coNcs~ X ( 6 , 1 0 0 , 2 )  ,? (6 ,100.2) , XS ( 1 0 0 , 3 , 6 , 2 ) ,  Y S (100 ,3 ,6 ,2 )  
CO~HON/DISTRB/ TERPC,ARY ( 6 )  .DTRY (6) 
COMFiON/FLOWS/ A( lO0)  ,O(lOO) , A T ( l O O )  .OT(100)  
COMHOH/MOLALC/ AQ(6)  ,OR (6) ,TEnP,CONVA ,CONVO,TCOMC 
COMnON/STREAR/ X P D ( 6 , l O O )  , Y F D ( 6 , 1 0 0 )  ,AFDRT(lOO) ,OFDRT(lOO) , 
COflHON/TEMPS/ TPROF ( 1 0 0 , 2 )  ,ATS (1 00,3,2) ,OTS (100 ,3 .2 )  
c o n n o n / v o L s /  AvoL(1oo)  . o v o L ( i o o )  . t s v o L ( r o o )  .OSVOL(IOO) 
DIRENSION P(6) ,PHf (6 )  ,TX(6)  , I I Y ( 6 )  , O X N ( 6 )  
cco=o. 0 0 1  

DTHETk. IVOLH , IVOLS ,I PRO, TEHPI , T SOL (6 )  , NSTR, I S T  A, JST R, CODUM (1 00 ) 

AFD'?EM(lOO) ,OFDTEO[lUO) ,ALVRT(100) ,OLVWr(lOO) 

c 
c 
c 
C 

c 
c 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

TCONC = 1.0 FOR TRE VOLUME C O R V E R S I O N S  SINCE MOLAL CONCENTRATIONS ARE PASSED. 

TCONC= 1 - 0 
DD 2 I = l , f i  
F ( I )=O.O 

A Q ( I ) = O . O  

4 R T  ( I )  -0.0 
A I N  (1) =O. 0 

T X f I J  =o.o 
OR(l.)=O.O 

01 N (I) =o. D 
P t l I ( 1 )  =o.o 

2 CONTINUE 
DD 5 0 0  NSCAN=l,NTOST 
J= WSCAN 
I F  (NDIR EC I LT. 0) 
JJz  J-1 

CODU fl (J) = O  . 0 
J=RTOST-NSCAN+ 1 

J J J = J +  1 

ALL OF THIS '00 5' LOOP I S  COMCERNED WITH ACCUHULITING TAE APPROXIHATION 
F O R  THE INPUT CONCRNTRATIONS 

DO 5 I=I.NSflLU 
I P  (ESOL (I). EQ.0) G O  TO 5 

ADDIlfG TAE 90LOTE5 I N  THE PEED STREAMS 

L I R ( 1 )  =APDRT(J)*XFO (1.J) 
O I N ( 1 )  =OFDRT(J) *YFD (I ,  J )  

A D D I N G  THE RQWEOWS SOLUTE PROM THE PRECEEDING STAGE. IF HDIREC IS 
POSITIVE, TBE PRECEEDING STLGE H A S  A VALUE FOR TWO POIWTS I N  TIPlE. 
S O  % TRAPEZOIUAL APPROXI~ATIOR IS  OSRD. 

I F  (J.GT. 1) 
I F  (J*NDIREC.GT. 1 )  A I Y  ( I ) = A I N  (I) 4 ( X S  ( J J . 3 , 1 , 2 )  - I S ( J J  *3 .1 ,1 ) )  * 

& ( J J )  1 2 .  

hXl( ( I ) = A I N ( I )  + A  ( J J )*XS (55.3, I, 11 

A SIRILRR PROCESS FOR THE ORGANIC SOLWTE FROM THE SKCBEOING STACK. 

IF (J.LT.RTOST) o I n ( I )  =om (I) +O(JJJ)*YS(JJJ .  3 . 1 , ~  
IP(J .LT.  NTOST. AND. ~ D I R ~ . L T .  0) OIN(I)=OII( (11 + (1s (JJJ. 3, I. 2 )  - 

T S ( J J J . 3 , I . l )  1 *O(JJJ)/Z. 
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C 
C I F  NSTR = 1 A N  ORGANIC STREAM YIUJT BE TREATED I N  A S P E C I A L  BANNER. 
C 

I F ( N S T R  .EQ. 1 .AND. J. EQ. JSTRi  
IF(WSTR.ED.  1.AND. J. EQ.JSPR.AND.NDIHEC* ( J - I S T R ) .  GT. 0 )  

I F ( N S T R  .EQ. 1 .AWD-J.EQ.I STR-1) 

O I N ( 1 )  S O I N  (I) * O ( I S T R )  *TS (ISTR. 3 . 1 , l )  

- O I N ( I ) = O I N  (I)+ [YS ( I S T R ,  3 , 1 , 2 )  - T S ( I S T R , 3 . I ,  4) )*O ( I S T R )  / 2 .  
O I R  ( I )  = O F D R T ( J )  * Y P D ( I .  J) 

C 
C IKE PROGRRn WILL NOT DEAL WITA SOLUTE YLOWS SRALLER THAN TdIS 
C TARESAOLD LEVEL. 
C 

IP(ABS(AIN(I)).LT.l.OE-15) A I N ( I ) = O . O  
I F  (RBS (OIN ( I )  ) .LT. 1.OE- 1 5 )  O I N  (I) =O. 0 
T X ( U  = X ( I . J , l )  
ART (is = X  (I, J, 1 )  
A Q ( I ' ) = X ( I . J , l )  
OR ( i ) = T  ( I .  J . l )  

5 CONTiNOE 
C 
C b k l T l W G  MOLAL 70EUHES 
C S O L O 1 2  FREE VOLUhBS IRE REQUIRED TO CORRECT THE U N I T S  OF THE VOLURES 
C PR914 RERL VOLUHE I I N I T S  TU MOLAL U N I T S  IN ORDER TO R A K E  THE PPI VALID 
C 

I E i l P T F T t O F  (J, 1 )  
C i t i L  IlOLAL 
AQVOL=IVOL (J)  / C O W  A 

RQSVOL=BqVOL(J) /COIVR 
o R v o L - a v o L ( ~ )  / c o i i s o  

ORSVOL-OaYOL(J)  )tONVO 
C 

C T H E  hbll BRLIINCES A R E  DONE I N  A W A Y  S I n f L A R  TO THE CONCEWTRATIONS 
r 

LATIN=AFDRT fS9 * I P D ' i T R  E d )  

ONT?N=O;WRT f3) +!?PDTBIP [J) 
IF ( J . G T . l )  A H T I N = I A T I A + A ( J J ) * A T S ( J J .  3 . 1 )  
I F ( J * N D I R E C . G T .  1 )  
IF (J. LT-NTOST)  
IP ( J . h T . 8 T O S T .  AND. NDIREC.LT.0) . O T S ( J J J , 3 , 1 ) ) * 0 ( J J J ) / Z .  
IF ( NSTR. EQ- 1 - L N D .  J. EQ. I STR- 9 ) 
IF (ir'ST'S.EQ. 1.AND. J. EQ. JSTR] 
IF (NsTX.EQ.  1 . A N D .  J - P Q .  J 5 T R  .RND.NDIREC*(J- ISTR)  .GT. 0) 

TPROP (J.2)-TPROP(J. 1 )  +DTRETB* (P .HTIA*SPBWRTIN-  ( A T ( J ) + 5 P H * O T ( J ) )  

TERPC=TPRDP (J, 29 

A H T T I = A H T I N *  ( A T S ( J J . 3 . 2 )  -AT5 ( J J ,  3 , l )  J * A ( J J ) / 2 .  
OF?TIN=OBTIh+O (JJJ)*OTS ( 5 5 5 . 3  , l )  

O H P l n - U H 7 X H + ( O T S ( J J J ,  3,2) - 
OATIN=OFDRT ( J )  *OF DTEH ( J )  

O H T I N - O A T I W M ( 1 S T R )  * O T S ( I S T R , 3 , l )  

. 

. *TPROP ( J . 1 )  ) /(AQVOL+SPH*ORVOL) 

0 8 T I h - O H T P d t  (OTS (ISTR,3.2) -0TS ( I S T R . 3 . 1 )  ) * o  (ISPR) /2. 

C 
C 
C TRIS BRAXCli I 5  FOR THE PASTFR INTECRATION HETf43D. 
C 

ccc 
C 
C 
C T A I S  I S  THE 5 I A R T  OF T A E  ROBGE-KUTTX I I T E G R A T I U d  
C 

I F  ( i F A S T .  EQ. I )  GO TO 150 

C 
C 
C 

10 
C 
C 
C 

C 
C 
C 

2 0  

C 
C 
C 

C '  
C 
C 

30 

$ 0  
C 

C 
ccc 

ncx-0 

GET THE D I S T R I B O T i D N  COEFF PROR TAE PAEVIOUS T I R E  

CALL TJCOR 
33 10 I = l , n S O i U  

CALCULRTE THE F I R S T  O E R I I A T T V E  

P ( I ) = ( A I N ( I )  * O I W ( L ) - ( A T ( J )  
( A Q V O L + O R V O L * D f R Y  [ I )  ) 

*DTRY(I) * X ( I  ,J, 

A R T ( I ) = X ( T , J , l )  + D T H E T A * P ( I ) / Z .  
nCK=I;Cxe i 

GETTING A NEW DTRT WITh Th' t '  S L I G H P L I  LARGER X'S 

CALL UCOA 

i T E R k T i k S  TC GET RlWHIBG D T P T ' S  AND X ' S  ( A R T ' S )  

R D E X = O  
DO 30 T = l , N S O L U  
T F I L B S ( L R T ( I ) )  .LT.1.OE-6) GO TO 30 
D i F = A B S ( ( ' T n [ l )  -IRY(L))/hRT (1)) 
I ( D i  F . GT . CCD) !!DEI'= 1 
? X i Q  = R R T ( I )  
IF (RDEX. EQ. 1 AND. 3CR.LT. 5) GO TO 1 0  
DO 4 0  I = l , N S Q t U  
X (7.3. LI = A R T ( I )  
€:I, ,*) = F  (I)  

C TKTS (OR S I P I L A R )  PROCESS is REPEATED WHILE ACCOAULATING P R I ' S  FOR TNE 
C F I * n L  D Z i i R R i N A P i O f i  OF X AT THE WEll TIRE 
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U S  DO 50 T = l , R S O L U  
F (7)- ( A I A ( I ) + O I N ( I )  - (AT (J) +OT (J) * D T R Y ( I ) ) * X ( I . J ,  2 ) )  / 

(AQVOL+ORVOL*DTRY ( I ) )  
50 A R Y ( 1 )  =X(I,J,l)+DTHETA*F(T)f2. 

tlC K=HCK+ 1 
CALL WCOR 
IlDEXSO 
DO 60 I = l . N Y ) L U  

D I P = A B S  ( (TX ( I ) - A R T  [ I ) ) / A R Y  (I) ) 
I F  ( D I P .  GT.CCB) llDE X= 1 

I F ( f l D E x . E Q .  l.AlID.HCK.LT.10) G O  TO Q5 

~ P ( A ~ S ( A R Y ( ~ ) ) . L T . ~ . O E - ~ )  GO TO 60 

6 0  T X ( I ) = A R Y ( I )  

DO 70 I = l . H S O L U  
X ( I , J , 2 l = A R Y ( I )  

70 PH'I(1) = P H I ( I )  + Z . * F ( I )  
75 DO 80 I r 1 , N S O L O  

P c I ) r ( A I N ( I ) + O I N ( I ) - ( A T ( J )  +OT(J1*DTRY(I))*X(T,J,2))/ 
(AQVOL+ORPOL*DTRT (I)) 

80 A R Y ( 1 )  = X ( I ,  J . 1 )  + D T A E T A * F ( I )  
H C K - I C I 4 1  
CALL UCOR 
nDEX=O 
DO 90 I = l , N S O L O  
I F  (4RS (ARY [ I ) ) . L T .  1.0E-6) GO TO 90 
DIP-;ABS ( ( T X  ( I )  -ART (I) ) /AR? (I) ) 
I P ( D I P .  GT.CCD) HUE X=l 

IF (flDEX. EQ. 1. AND. K K .  I T .  15) GO T O  75 
DO 100 I = l , W S O L U  
X (I . J , 2 )  = ART (I) 

100 ? H I ( T I )  =PHT(X) + 2 . * F < T )  

90 T T  (I) =AIY (I) 

105 DO 110 T = l , N S O t U  
P E ) =  ( R I R ( I ) + O I R  (1) -{AT (J) +OT (J) * D T R Y ( I ) ) * X ( I . J . ; ? )  / 

(AQVOL+GWOL*DTVY (I) 1 
110 A R T ( 1 )  -x(r,s,l),(pHI(r)+FlI)l*DTHETh/6- 

E€ K=PICK+l 
CALL VCOR 
YDEXZO 
DO 120 I = l , S S O L U  
I P ( A B S ( A R I ( I ) ) . L T  ? . 0 E - 6 )  GO TO 120 
D I F = A B S  ( [ T X  ( I ) -ARY ( I ) )  / A R P  ( I ) )  
I P ( D I P  - GT ~ CCD) KDZ X=l 

1 2 0  T X ( T ) = A R Y ( t )  
I F ( f l D ? X . E Q .  ?.RKD.YCX,LT.ZO) G O  TO 105  
D O  130 I = l , N S O L W  
I F ( A B S  ( A R Y ( I ) ) . L r . l . E - 2 0 )  A R Y ( X ) = O . O  
T ( 1 , J .  7) r O T R Y  ( r ) * A R Y ( I )  

?30 X ( T , J , 2 ) = A R T ( I l  
C 
C T A I S  CORPLETES TAE I N T E E R ~ T I O N .  ARPtSb ( P R O I I  5 T A  1 l Q l  BECORPS THE Ne31 
C 
C 
c 

CCC 
C 
C 
C 
C 
C 
C 
C 
C 
ccc 

150 
160 

AQWLOWS CORCENTRATIORS 
A I D  NOW TAE SETTLER PALUZS 

C O  TO 190 

_ .  ~ 

A R E  CALCULATED BPTR A TRAPEZOIDAL SETH00 

THIS I 5  TWE PASTES TWTEGRATIOM RETHOD. fT IS P E R T  S I n I L l R  TO OWE 
O F  THE SEGPIENTS O F  VIE RUNGE-KUTTA I N T E G 8 1 T I O N .  I T  WSES A SIHPLER 
P I R I T E  D I F F E R E N C E  SETHOD T O  EVRLURTE T H E  COWCENTRRTIONS T I  THE 
HTXFRS. ALL UTAER CALCULLTIONS ARE DOSE I N  THE SAHE V A T  LS FOR 
T R E  RU NGE-KDTTA INTFGRRTIOW 

W K = O  
PIDEX=O 
CALL DCOR 
DO 170 I = l , N S O L f J  
I P ( I S O L ( 1 )  .EQ.O) G O  TO 170 
UVOLS- IQVObrDTRY (I) *DPVOL 
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I F  (AQSVOL. GT.O.0 )  P A C T A s l .  5*AT [J) *DTAETA/RQSVOL 
I F ( O R S I O L . G T .  0.0) F I C T O = l  . S * O T ( J )  *DTHETA/ORSVOL 
AT5 ( J , 1 , 2 ) = A T S  ( J ,  1 .1)  +PACTA* ( T P H O P ( J . 2 )  +TPROP (J ,  1 ) - A T S  ( J ,  1 , l J )  
A TS (J , 1 , 2  J = ATS (J. 1 , 2 )  / ( 1. + PACTR) 
O T S  (J , 1 , 2 )  =OTS I J,  1 , l )  +PAC TO* (TPR OF ( J ,  2 )  t T P R O P  (J  ,1) -0TS (J, 1 , l  J ) 
OTS ( J ,  1 , 2 )  = OTS (J, 1 , 2 )  / (1. + P K T O )  
DO 2 0 0  I = l , N S O L U  
IP(ISOL(I ) .EQ.O)  G O  TO 200 
CNGTNV=O. 0 
I P / X ( I , J ,  2) + I ( I ,  J . 2 )  .GT. l .OE-6)  CNGI WV= (AVOL(J1  *(X(I, J . 2 )  -X ( I , J ,  1 )  

.) +OVOL (JJ ( Y  (I, J ,  2) -I (I,J, 1) ) ) /(DTAETA* (AVOL (J) * X  (I. J, 2 )  a0901 (Jj * 
- 7  (1, J , 2 ) )  ) 

CN G I N V =  100* AE S (CNGINV) 
CODQH( Y) = A N A 1 1  (CODQR (3) ,C%GINV) 
XS ( J , 1 , 1 , 2 ) =  (XS(J. 1, I, 1 )  +PACTA*(X(I, J, 2 )  +XII,J, l ) - X S ( J , l , I , l )  ) ) /  

I S  ( J ,  1. I, 2) = ( r S ( J ,  1, I, 1 )  +FACTO* ( Y  (I, J , 2 ) + Y  (I, J, 1 )-TS (J, 1, I, 1) ) ) / 
( l . + P A C T A )  

( l . + F A c T O )  
2 0 0  CONTINOE 

K7B=KC- 1 
DO 300 RZ=2.3  

A T S ( J , K Z , 2 ) =  (LTS ( J , K Z ,  1 )  +FACTA* (ATS ( J .KZE.2)  + A T S ( J , K Z B , l ) -  

D T S ( J , K Z ,  2) = ( O T S ( J , K Z , l ) t F A C T O *  [OTS{J ,KZ.B,2)+0TS (J,KZB. 1 )  - 
DO 300 I = l , N S O t U  
XS ( J , K Z , I , 2 ) =  ( X S  ( J , K B ,  1 . 1 )  +PACTA* (XS ( J , K Z E , I ,  2 )  +IS ( J , K Z E , I , l )  - 
Y S ( J , K Z , I , 2 ) = ( Y S ( J , K Z , I , l ~ + F A C T O *  ( I S ( J , K ~ E , I , 2 ) + ~ 5 ( J , K Z B ~ I , l )  - 

- ATS (J. K Z ,  1 )  ) )  / (1 .  + F I C T A )  

OTS (J, KZ, 1) ) ) / (1. +PACTO) . 
. XS ( J  , K ' Z , I , l )  ) ) / ( 7 .  +FACTA) 

. I S  (J.KZ.1.1))) / ( l . + P A C T O )  
300 CONTINUE 

I P ( I R x N . E Q . 0 )  GO TO 500 
C 
C 
C SOBROUTINE SCHEM DEALS YITA A N I  CAERICAL REACTIONS OCCDRING I N  TAE 
C SETTLERS.  TAZSE REACTIONS ARE SIMPLER S I N C E  NO PAASE TRANSFER IS 
C P O S S I B t E .  
C 

C 
C 

CALL SCHER (J,AQSVOL. ORSVOL) 

500 CONTINUE 
RETURN 
EN B 
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SUBROUT'CNE UCOR 
cOnllOH/CORTRL/ NTOST,NSOLU,CTBP, NEWIN, BEWOUP,SPH,IPWCR,IPAST, I R X R ,  

COMflON/DI!5TRB/ TEflPC.LRY(6) ,DTRY ( 6 )  
D T R E T I , I V O L ~ , I V O L S , I P ~ O . T E f l P I ,  ISOL ( 6 )  ,NSTR,ISTR, JSTR.CODOFl(lO0) 

C 
c 
C UCOR RETOPNS A VALUE O F  THE DISTRIBUTION COEFPICIEMT = Y / K  ?OR EkCH 
C VALOE OP X TRIED 
c 

PUTOT=ART(3)4hRY(4) 
FZCTBP 
natl = n m ( i i  

= A A Y ( ~ )  
PUAn = ART(3) 
SNTTR = LRY(6) 
IF(UAK.LT.O) u A n  = 0. 
IP(PUAM.LT.0) PUIR = 0. 
IF(YAfl .LT.0)  R A M  = 0. 
IP(SWITR.LT.0) SBITR = 0 .  
PUT11 = PUTOT - PtJAn 

TNll 7 AAfl  t 2.*URR + 2.*PIlAtl 4 SNITR + U.*PlJIII  
IP (TBM.EQ.O.0) TBll = 1.0 
TFflPRK = 1000./(TEFlPC + 273 .16)  

IP[PUIIT.LT.O) PIJII'C = 0. 

DRT = TEMPRR - 3.3539 
O K  = 3.7*lA?l**1.57 + 1.4*TNM**3.9 + 0 . 0 1 1 * T N ~ * * 7 . 3  
U K  = OK*(U.*F**(-0.17) - 3 . )  
PUK = l lK*(.20 + . 5 5 * P * l . 2 5  4 .0074*TNn**2) 
R K l  = 0.135*TRll**0.92 * 0.0052*TWfl**3.44 
?P (P.LT.l . )  A K l  H S l * ( l .  - 0,5U'EXP(-lS.*F))  
I F  (TERPC.NE.25.) O K  = LJK*EXP(2.5*DRT) 
I P  (TEnPC.NE.25.) POI[ = PUK*EXP(--2*DRT) 
TF (TEnPC.WE.25.) R K l  = HKl*EXP(0.3U*DRT) 
4K2 = H K 1  
\ = 2.*(UK*Uhll + PUK*PUIR + H K 2 * H l I )  
B = A K l * A L M  + 1. 
CZ-3.65145'CTBP 
IP (A.6E . l .E -6 )  GO TO 1 0  
"I-= -C/B 
GO TO 15 

10 CONTINUE 
T F  = (-E t SQRT(B**2 -Ue*A*C))/(2.*h) 

1 5  CONTINUE 
O R 1  = BKl*TP 
DA2 f EK2+TF**2 
O R  7 D41 DH2 
D U  = UK*T?**2 
DPU = PUK+TP**2 
DTRT(1) = DR 
DTRY(2) = DU 
DTRY(3) = DPO 
D T R Y  [4)=0.0 
DTRY(5) xO.0 
D T R Y ( 6 ) = 0 . 0  

20 QEPURI 
E N D  



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

SUBROUTINE n a z n  ( J , A Q V O L , O R V O L )  

SUBRODTINE K H E H  H o s H 3 L E 7  ?"HE CHEflICAL REACTIONS I N  THE SYSTER. PRESENTLY, 
INSTANTANEOUS BEDUCTTON O? PLUTONIUM, RECUCTION BY U(1V) , A N D  REDOCTION 
BY HYDXOXTLAMINE ARE AVAILABLE A S  REACPICNS. THE SOBRO[iTINE CAN E A S i L P  
B E  ACAPTED TO CORSIDER A N Y  INTEGRATED RATE EQUATION, W I T H  1 N Y  DESIRPD 
STOICHIOMZTRT. 
THE SUBFO0TTRE ASSURES THE REACTION I S  TOTALLY I N  THZ )IQUEOUS PHASE, BUT 
THAT THE SOLUTE I N  THE ORGANIC PBASE ALSO AIDS I N  MAINTAIWING THE 
AQUEOUS COWCENlRUTION. THE INTEGRhTED RATE EQUITION DETERHINES TBE 
EXTENT OF REACTION. THE ROUTINE THEN S P L I T S  THE RESULTING SOLUTES 
B E T Y E E A  TRE PHASES. 

TRXW I N D I C l T F S  YBICH REACTION R I T E  I S  TO BE USED. 
SOLAMT I S  THE TOTAL A M O U N T  OP SOLUTE I N  THE MIXER 
SOLVOL I S  A PSEUDO-VOLUME SO THAT THF SOLUTE I S  ENTIRELY I N  THE AQUEOUS PHASE 
R X  I S  T H t  AUOECUS CONPOSITION USED TO DETEHtlIWE THE REACTION R A T E  
RXNART 1S TAE AMOUNT O F  REACTED SOLUTE USING SORE COMPONERT A S  A B A S I S  
R K  I S  A REACTION RATE CONSTINT 
EXTENT = THE EXTEllP OP REACTION. BASED O N  THE PRACTION OF 

SORE COlPONENT CONSUIED BY THE REACTION. 

C O n R O I K O % T R L I  RTOST.NSOLU,CTBP. NEHIN. NEYOUT. SPH.IPNCA. I F A S T .  I R X N .  .~ . - DTAETA, I V O L h ,  1VOLS;IPRO.  k E M P I ; I  SOL (6 )  , N S T R ; I S T k , J S T R ; C O D U ~ (  1 0 0 )  
c o M n o R / c o s C S /  X ( 6 . 1 0 0 . 2 )  ,Y ( 6 . 1 0 0 . 2 )  , X S ( 1 0 0 , 3 , 6 , 2 ) , Y S  ( W 0 , 3 , 6 , 2 )  
COM#ON/DISTFE/ TEMPC.ARY(61 .CTRf 161 

A X  (I) = X  (I, 
CONTI RUE 
GO TO (90,  
CONTINUE 
CONTINUE 
CONTINUE 
CONTI HUE 
CONTINUE 
G O  T O  90 
CONTINUE 

317)  

80.70. .60, 50 , U O ,  3 0 , 2 0 )  , I R X  N 

CORtlON/TZRPS/ TPROP ( i 0 0 . 2 )  ; h S  ( 1 0 0 ;  3 ,2 )  ,OTS(  100, 3 , 2 )  
O I N E H S I O N  R X  ( G )  ,SOLLRT ( 6 )  ,SOLVOL(6) 
REAL STOIC ( 6 ,  3) /O.O, 0.0,- 1 . 0 , l .  0 . - 1 . O  ,O -0, 

2.0.0.5.-1.0.1.0,-0.5.0.0. 
2 . 0 . 0 . 0 . - 1 . 0 , l . O . - 1  .c,o.o/ 

IF ( I S O I  ( 5 )  . EQ. 0) G O  TO 3 0 0  
DO 1 0  I = 1 . 6  
SOLAMT (I) =AQVOL*X ( 1 . 3 . 2 )  tORVOL*Y (I ,  3.2) 
SOLVOL fr) =AQVOL+DTR Y (11 *ORVOL 

10 

20 
3 0  
40 
50 
60 

70 

I R X N  = 3 REACfiON BETWEEN P U ( I V )  A N C  HTLROXYL!?RINE 
FOR = RATIO OF P O ( i V )  TO REDUCTANT 
R K  = RATE CONSTANT 
EXTRA1 = M A X T R I I R  EXTENT OP R P I C T I O W  (BASED O N  PU ( I V ) )  
E X T I l C  = INCREMENT I N  SEARCH FCR EXTENT 
ARTIRT = THE INTEGlllTED CHANGE I N  EXTENT (EQUAI TO R K )  

I P ( R X ( 1 )  . L T . l . O E - l O . O R . R X ( 3 ) .  I T .  l . O E - l O . @ F . R X ( 5 )  . L T . l . O E - l o )  

POR-SOLlrlT ( 3 ) / S O L A R T ( 5 )  
T O T N I T = R X ( l )  +2 .*RX(2)  +U.*RX(3)  * 3 - * R X ( U ) + R X ( 6 )  * 0 . 3 3  
R K =  l . lU*EXP (31OO0. /1 .987* ( 1 . 0 / 3 0 3 . 1 6 - l . O /  ( 2 7 3 . 1 6 t T P R O F  ( 5 . 2 ) )  I ) 
RK=RK*RX[3) *DTHETA* ( R X  ( 5 ) /  (RX ( 1 )  *RI ( 1 )  *TOTWIT) )**2 .0  
EXTRIX=AMINl (1.0,l .  O/PQF) 

- G C  TO 9 0  

T H I S  I S  A BiliRRT SEARCH ?OR THE COBRECT EXTENT OF HEACTlON 

E X T I  l C  --0 - 2  5 *E XTM L X 
EXTENT=0.5* EXTRAX 
B=SObAMT(3) /SOLVOL(U) 
A=RX(U)+B 
A A = A * A  
B@=A*8  
CC=B*B 
D O  18  I = 1 , 1 0  
A = l .  O/ (1 .0-  PFIYNT) 
IP(POR.GT.O.01)  GO TO 72 

72 

TRIS  I N T E G R A T E D  P O R ~  AssunEs a L ~ R G E  E X C E S S  O F  T H E  R E D U C T A N T  

AITINT=AA*A*EXTENT-2.0gBaR\LOC ( a )  *CC*EXTE)IP 
GO TO 1 6  
I F  (ABS(l.O-FOR) . L T . 0 . 0 1 )  G O  T O  74 

THIS INTEGRATED RATE EQIJATILN IS THE GENERAL C R S E  

I)=1 .O-POB*E XPEBT 
C = l .  O/ (1 .0-  FOX) 
L I T ~ N T = ( I O R - A * ~ F T E 7 T - ? 0 7 ( / 8 + 2 . ~ C * P Q B ' R L C G  ( A * B ) )  *AA"C*C 
A R T I A T - ~ ~ T ~ N T - 2 . O b B E " C a  ( F O R * 3 X T 2 V ' I / B - C * h L C G  (9*B))-CC'EXFEXT/B 
AMTINT=-A#TINT 
GO TO 76  
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C 
C 
C 
C 

7 9  
76 

76 

RO 
C 
C 

T H I S  XATEGRATCD FORK ASS'TMFS A S T O I C H T O f l E T R I C  AlOUNT OF REDUCTANT 

hRTINT=AR* (K*h*4-l.O)/J.O-RB* ( r * h  -1.0) +CC*(A-l .  0) 
CONTINUE 
IP fARTTNT.GT. RK) EXTFNT-EXTENT-CXTTNC 
IF (AMTIAT.LT. R K )  EXTEWT=EXTENT+EXPI8C 
EXTINC=EXTTNC/Z.O 
C O I T T I U E  
RXHA~'I~EXTENT*SOLAFlT ( 3 )  
G O  TO 1 0 0  
CONTINUE 

C TnXB = 2 R B A C T I O N  BETWEEN PIJ (IV) A N D  11 (IO) 
C R K  = RATE CONSTAtiT 
C RCII .; UATIO OF P U  ( I V I  TO R E D U C T A R T  
r ExTnsx = n a x m o n  F X T E R T  B A S E D  O N  ea (TV) A N D  A T F N  S F C O N D  H A I P  Tin? 
C 

I P ( R X ( 3 ) . L * . l . O E - l O . ~ ~ ~ R X ( 5 I . L T "  1.OE-IO)  GO TO 90 
E X T n I X - M I R  111.0.1- 0-0. Y* (6 .WUTHETA) ,2.0*SOE&t!T(5) /SOLlYT (3) 1 
R K =  1 7 0 . 0  
RK=RK*DTHETI*RX(S) 
R C n - S f l L A n T ( 3 ) / ( 2 . O * s O L ~ ~ T ( 5 ~ ]  
RRO=RX ( 1 ) * R X  ( 1 )  
R EXP= 1 - OEUO 
IF ( R K *  (1.0-RCU) . LT. lOO.O*RHO) 
EXTEWT=RK/ ( R R I R H O )  
IF (ABS (7.0-RCO) .GT. 0 .05)  
EXTENT=IBIW I(EXTENT.EXTnIX)  
R XNAB'I=SOLA I T  ( 3 )  *EXTERT 
G O  TO 100 

PPKP- EXP (RK* ( I .  6 - R C O )  / R H O )  

EXTa ' lTr  (1.0-REXP)/(PCU-REXP) 

Y O  CONTINUE 
c 
c 
c I R x n  = I INSTATINEOUS R E D O C T I O N  OF en (111 
c THIS n z c a l i n x r n  IS U S E D  ET L L L  RECUCTICN BEACTIONS stizq TRE 
E CONCENTRATIONS PALL BELOW A THRESRHOLD Z E V E L  
r 

RXAA8T=ARII1  ( - S O L l n T ( 3 )  / S T O I C  (1, IRXY) , -SOLAIT (5) / S M I T  ( 5 , I R X N )  ) 
100 D O  1 1 0  1-1.6 

SOLAflT ( I )  =SOLART (1) rRXNAflT*STOIC ( 1 , I R X N )  
IF (SOL ART I) .LT. 0.0) somn i (T 1 =o.  o 
h R Y  ( I )  = S O L I n T ( I )  /SOLVOL (1) 
TP ( S O L l l l T f T )  .!JE.O.O) I S Q L ( T ) = l  
I F f I S O L i I I  .EO.l.LND.NSOLU. L T . I I  USOLO=I 

1 1 0  COHTINUE 
C 
C 
C D I B I D I W G  THE RESULTING SOLUTES BE'TWFEB T 6 E  PHASES 
C 

1 2 0  

125  
1 3 0  
3 0 v  

DO 125 ITRY-1.5  
I C K = O  
CALI OCOR 
DO 120 I=I .NSf lLO 
X ( .T,J,  2 ) = S O t A K T ( I )  / ( 1 0 W O L + D T R Y  (I) * O R V O L )  
I F ( A B S ( X ( 1 .  J , Z ) - A R Y  (I) 1 . G T . 0 . 0 0 0 1 * X ( I . J , 2 ) )  
A R T  ( I )  = X ( I ,  5 . 2 )  
I F  I X ( I . J . 2 1 .  LE. 1-17-20) 

1 C h x l  

X ( 1 . J .  21=0.0 
Y ( I , J . Z ) = K  ( I , J ,Z)*DTRY (I) 
C O l T I N O P  
IP(ICK.EO.OI G O  T O  1 3 0  - .  
C O W  TI N U E  
CONTINUE 
RETURN 
EA I) 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

SUBROOTINE SCHER ( J ,AQSVOL,  OESVOL) 

SUBROUTINE SCHEI! P O R X S  S I R I L A R  TO HCHER, BUT TBE PHASES ARE KEPT SEPARATE 
AT RLL TIRES. 

IRXN INDICATES WAICH REACTION RATE I S  TO BE USEO. 
R K  I S  A REACTION RATE CONSTLNT 
EXTENT = THE EXTENT OF REACTION. BASED ON THE FRACTION O P  

S O R T  COaPONENT CONSUHkII BY THE REACTION. 

1 0  

2 0  
30  
40 
50  
6 0  

7 0  

CO33OH/CONTBL/ N T O S T , N S O L U , C I B F , N E Q I ~ , N E U O U T , S P H , I P N C H , I P ~ S T , I R X N ,  
DTHETX,IYOLR,IVOLS,IPRO,TERPI, I S O L  (6)  ,NSTH, ISTR,  JSTR,CODUfl  ( 1 0 0 )  

COflflOx/CONCS/ X ( 6 , 1 0 0 , 2 )  ,Y ( 6 , 1 0 0 , 2 ) ,  X S  ( 1 0 0 , 3 , 6 , 2 )  ,IS ( 1 0 0 , 3 , 6 , 2 )  
CO8XON/TXfl?S/ TPROP ( 1 0 0 . 2 )  ,ATS ( 1 0 0 , 3 , 2 )  , O ? S ( l O O  , 3 , 2 )  
R E A I  STCICX (6.3)/0.0,0.0,- 1 . 0 , l . O . - 1  .C,O.O. 

2.0.0.5.-1.0,1.0,-0.5,0.0, 
2 . 0 . 0 . 0 , -  1 . c , 1 . 0 , - 1  .o,o.o/ 

R E A I  ST0IC1(6,3)/0.0,0.0.0.0,0.0,0.0,0.0,12*0.0/ 
DIMENSION R X  ( 6 )  ,RY ( 6 )  
I P ( I S O L ( 5 )  2Q.O) GO TO 300 
DO 1 5 0  K Z = 1 , 3  
DO 1 0  1-1.5 
RX ( I )  =XS ( J , K Z ,  1 . 2 )  
RY ( I )  = 1 S ( J , F Z , I , 2 )  
CONTINUE 
GO TO ( 9 0 , 8 0 , 1 0 , 6 0 , 5 0 , 4 0 , 3 0 , 2 0 ) . I R K N  
CONTINUE 
CONTINUE 
CONTINUE 
C 0 HTI NUE 
CONTINOE 
GO TO 90 
CONTINUE 

IRXN = 3 REACTION BETWEEN P O ( I V )  A N I !  HYCRCXYLAnINE 
F O R  = RATIO OF P U ( I V )  T O  REDOCTANT 
R K  = R l T E  COISTXWT 
EXTMAX = RAXTRUN EXTENT OP REACTION (BASEC ON PO ( 1 0 ) )  
E X T I N C  = INCRZPIERT I N  SEARCH FOR EXTENT 
ARTINT = THE, iNTEGRRTED CHANGE I N  EXTENT (EQUAL TO R K )  

IF ( R X ( 1 )  . L T . l . O E - l O . O R . R X ( 3 ) .  LT. 1 .OE- lO .OR.RX(5)  . L T . l . O E - I O )  

FOR=RX ( 3 ) / X X ( 5 )  
T O T N I ' P = R X ( l )  t 2 . * R X ( 2 1  +U.*RX(3)+3 .*RX ( U )  + R X ( 6 )  + 0 . 3 3  
RK= l . lU*EXP ( 3 l O O O .  / l .  981* ( 1 . 0 / 3 0 3 . 1 6 - l . O /  ( 2 7 3 . 1 6 t T P R O F  ( J ,  2 ) )  ) ) 
RK=RK*RX(3) *DTAETR* (RX (5 )  / (RP [ 1) * R X  ( 1 )  *TOTNIT)  ) **2 .O 
EXTnAX=Ai?INl ( l . O , l . O / F O R )  

GC TO 90 

1 2  

1 9  
1 6  

78 
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EXTIYC=O. 25*EXTnAX 
EXFII(T=O. 5. EXTtl lX 
B=RX ( 3) 
A = R X ( U )  + B  
A A = A * A  
BE=A*E! 
CC=B*B 
DO 1 8  I = 1 , 1 0  
A = l .  O/ (1 .0 -EXTPNT)  
I P ( P O R . G T . O . 0 1 )  GO TO 7 2  
A M ~ I N T = A A * A * E X T E N T - 2 . O * 2 B a  ALOG ( A )  tCC*EXTENT 
GO 1 0  1 6  
IP(ABS(l.O-POR).LT.O.Ol) GO T O  1 U  
B=l.O-TOR*EXTENT 

ARTIN?=  ( F O R - ~ * E X T E N T - P O R / B + 2 . O ~ ~ ~ P O R * A L O G ( A * a ) )  *AA*C*C 
AMTINT=AMTINT-Z.OLBBCCI (POA9EXTEWT/B -C*ILOG ( h . 8 1 )  -CC*EXTENT/B 
AMTINT=-ARTINT 
GO T O  16 
AITINT=AA* ( W A * A - l . 0 ) / 3 . 0 - B E *  {A*A-1.0)  t C C * ( L - l . O )  
CONTIHUE 
I F  (ARTIAT.GT.RR) EXTENT=ZXTENT-EXTINC 
I F  (1 f lTINT.  I T .  R K )  EXTENT;ZXTENT+EXTTNC 
EXTINC=EXTTNC/Z.O 
CONTINOE 
DE L'I A I= RX ( 3 ) E XT 2 NT 
DELTAYLO. 0 
GO TO 100 

c = 1 . 0 / ( 1 . 0 - P 0 9 )  
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en CONT'LNOE 
c: 
C 
C TRXN 2 REACTIOR BFTWEEN PO (IB) AND 0 (IV) 
C R K  = RATE CORSTANT 
C RCU = R I T X O  O F  P O  (IV) TO REDUCTANT 
C BXTflAX = RiIXTtlOR EXTENT BASED ON PO ( I P )  AND A TEN SECOND HALF T I R E  
C 

I F  (RX (3)  - I T .  1. OE- 10. OR. RX (5) - LT. 1.0E- 10) GO TO 90 
EXTFlAX=AflIR 1 (1.0 
R K  -170.0 
R K -  RK*DTHET A * R X  (59 
ACO=RT ( 3 )  /(Z.O*RX(S)) 
R f i O = R X (  1) * B X ( l )  
R E X P l . O E 4 0  
IF ( R K *  ( 1.O-RCll) .LT. lOO.O*RHO) 
EXTENTIRK/( RK*RIIO) 

1.0-0. 5** (6 .O*DTHETI)  ,2.O*RX (5 )  / R X (  3) ) 

REXP=EIXP( PX*(l.O-BCO) / R R O )  

I F ( A B S  ( l .D-RCO).GT.0 .05)  E X T ~ N T = ( l . O - R E X P ) / ( R C D - R E X P I  
EXTENT-AaTN 1 (EXTEIT,FXTfiAX) 
DELTAXrRX (3 )  *EXTENT 
DELTAY'O, 0 
GO TO 100 

90 C D R T I N O E  
C 
C 
C IRXN = 1 INSTATANEOWS REDOCTION OP PO ( I V )  
C 
C 
C 

100 

TATS R E C R I R I S I I  I S  USED BY ALL REDUCTION AEACTIONS WHEN THE 
COVCENTRATIONS FALL BELOW A TRRESHHOLD LEVEL 

DELTIX=AB'LNl  ( - R X ( 3 ) / S T O I C X  ( 3 , I R X N ) , - R X  ( S ) / S T O I C X ( 5 , I P F 3 ) )  
DELTAT=O. 0 
CONTINUE 
D O  105 I = 1 , 6  
X S  (J, KZ. I, 2) =XS (J , KZ, I ,  2) + S T O I C X  (7, I RXR) *DELT AX 
Y S ( J ,  KZ,I,2) =Y S (J. KZ, I, 21 t STO I C Y  (I, I R Y  W)*DELTAY 
T F ( X S  (J,?Z,?,2). . l .E. 1 - 2 - 2 0 !  I S  ( J . K Z . I . 2 ) ~ O . O  
IF(YS(J,KZnI,Z).LE.l.E-20) Y S ( J , K 5 , 1 , 2 ) ~ 0 . 0  
I F  (XS ( J ,  Itz. I, 2) .NE. 0.0) 
I F  (E ( J . K Z . 1 . 2 )  - WE. 0.0) 
I P l I S O L ( I )  .EO. 1.IND.RSOLW. LT.1)  NSOLO=f 

I S O L ( 1 )  E l  

I S O L ( 1 )  x 1 

105 C O i T I N W E  
150 C O A T I R U E  
300 R E T O R I  

E N 0  
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SOBROOTTNE PRTOUT 
C 
C 
C PRTOOT CONVERTS THE CONCENTRATIONS PROE THE IOLAL P O R R  USED B Y  THE PROSRRR 
C TO THE MORE C O R R O N  OWITS I N  ?HE OUTPUT. I N  O S D E R  T O  GET THE PROPER 
C HEADINGS FOR TAE PDREX SYSTEfl,  THE SOBPROGRAM ALSO P A I N T S  TAE PROPILES.  
C 

COMflOX/CONTRL/ NTOST ,NSOLO ,CT BP, HZY I N ,  NTJROIJT. S P H , I P N 7 H , I P A S T I I R X N ,  

COMRON/COWCS/ X(6.100.2) ,I ( 6 . 1 0 0 , 2 ) ,  XS ( 1 0 0 , 3 , 6 , 2 )  ,YS (100 ,3 ,6 ,2)  
CORNOr/PLOWS/ A (100) ,O ( l o o ) ,  A T ( l G 0 )  .OT( 100) 
COMRON/?IOI.P.LC/ A Q  ( 6 )  ,OR (6) ,TERP,CONVA,CONVO,TCONC 
COMsON/STREiiR/ X P D ( 6 . 1 0 0 )  ,TPD(6.100) , A P D ~ T ( l O O ) , O P D R T ( l O O ) ,  

c o a f i o N p m e f l P s /  TPROI (100 ,2)  ,ATS(100 ,3 ,2 )  ,OTS ( ? 0 0 , 3 , 2 )  
DIMENSION AOUT(700)  .OOOT(IOO) 
TCOIQC=1.0 
PRINT l t O 9  
PRIRT 4 1 0 2  
P R I N T  9103 
PRINT 7104 
DO 20 J = l , B T O S T  
D O  10 I=9,WSOLO 
A Q  (r) =X(I, J ,  21 
O R ( I ) = ? ( C ,  5 . 2 )  

TEMP=TPXOP 4J.2) 
CALL MOLAL 
A D E W  (1000. -72. 4 * A Q  (2) -130.* ( A Q  ( 3 )  + A Q  (4)) - 3 0 . 9 h l i Q  l 1 )  -31 . f A Q  ( 6 )  ) / 

- DTRETA,I~~L~,IVOLS,IPRO,TE~PI.ISOL(~) . N S T R , I S T R . J S ~ R , C ~ D U ~  ( l o o )  

. A P D T E R ( 1 0 0 )  ,OPDTEA(100) , A L V R T ( 1 0 0 )  ,OLVRT( 100) 

10 CONTINUE 

(1 000. /O. 99707)  + O  .39404*A Q ( 2) + 0. U9202* [ A Q  ( 3 )  + A Q  ( 4) ) . +O.  06307*hQ (1) +O. 213*AC ( 6 )  
AOnr"(J)=AT (9) *CONVA 

1 5  

20 

OOOT (J) :OP (J)*CORVO 
D O  1 5  I = I , H S O L U  
X [I. J . Z ) = A Q  (X)/CONVk 
Y ( I . J . Z ) = O R ( I ) f l O N V O  
C O R T i  WUE 
X(2.J.  2)  = X (  2.3.2) *238. 
Y (Z ,J ,Z)=Y (2.3,;) +23S. 
X ( 3 , J , Z ) = X  ( 3 , J , 2 ) * 2 3 9 .  
1 ( 3, J ,  2) =? ( 3, J ,  2 )  * 2 39. 
X ( 4 , J  , 2 )  = X  ( 4 , J .  2) *23¶. 
Y ( 4 , 5 , 2 ) = Y  (4 ,3 ,2)*239.  
P R I N T  
I F ( R L V R T ( J 9  .EQ.O.O) G O  TO 20 
CONVA=CONIA*ILVR~ ( J )  
PRINT 1001,J.CONVA 

? O O O , J . ( X ~ I , J , Z )  .I=1 ,6)  ,RDEN,AOOT(J) ,TPROF(J,2) 

C O A T ' I N U ~  
P R w r  1105 
P R I R T  I106  
PRTRT 1107 
PR1.W 1104 
DO 30 J = l , N T O S T  
EXR=O. 0 
EXU=O. 0 
EXPO=O. 0 

E K H 4 O O T ( J )  /ROOT ( J )  
I r  ( A O O T  ( J ) .  LE.Q.O) G O  TO 2 5  

I P ( X ( Z . J . 2 )  .GT.O. 0) 
I P (X ( 3 ,  J, 2 )  +X (4, J, 2)  . GT. 0.0) 

f X ( 3 e J e 2 )  +I (4, 5 . 2 )  1 
IF ( X I  1. J. 21 .GT. 0.0) 

EXO=EXA*Y (2,3,2)/X 12.5.2) 
EXPO=EX H* ( Y  (3,  J , 2 )  +I [ 4, J, 2 )  ) / 

EXH=EXH*Y (1 .  J .21  /]I ( 1  .J.21 . . - . .  . . . .  
I F  ( X i l ;  3; 2 j .  L I . O . 0 )  EXR=O. 0 

25 CONTINUE 
O D E W  (1000. -17.4*0. 29-97.*1 ( 2 ,  J ,  1)-139.. (T ( 3 , J , l ) + Y  ( 4 , J .  1 ) )  

-43. *l (1, J ,  1) ) *  (1 .0 , l . a )  / (  (273 .6 /266 .32+227 .5 /170 .30*1 .8 )  
*1000.) +0.01802*.29*. 3 W O a * Y ( 2 .  J , l )+ .U9202* ( T ( 3 ,  J ,  1) 
+ ?  (4, J,  1) ) +. 0 6 3 0 1 * Y  (1.  J ,  1) 

. . 
P R I N T  100F. 3. (Y ( I , J , 2 )  , I = l . 3 )  , E X U . E I P U , Z X H , O D E R , O D O T ( S )  .CODQR(J)  
IP(OLVRT(YP .EQ.O.O) G O  TO 30 
CONVO-OLVRT ( J )  *00UT (S) /OT (J)  
P R I N T  9 0 0 1 , J , C O N V O  

RETURR 
30 CONTINUE 

1000 FORMRT( 12X, 1 3 , l X . g  ( '  I ' , lPE10.3 ,1  X )  D 
1001 F O R R A T ( l Z X . 1 3 , '  1 PRODUCT STREaR a , 7 U X , * 1  ' , 1PE1@.3, '  1 ' )  
1101 PORILT(5X, 'AQOEOOS P R A S E e )  
1102 FORRAT(lOX,PSTAGE 1 N I T R I C  ACID1 O B A N I O R  I PO ( I I )  1 PO ( I T  

-I) 1 REDUCTANT 1 NITRATE I O N 1  DENSITY 1 MIXER PLOW ITERPERATQ 
.RE' )  

1 1 0 3  F O R R A T ( l l X , s ' A O .  I (MOLfL) 1 (G/L) 1 (G/L) I ( G / L )  - I ( n o L / I ' )  I ( n o i n )  1 ( G ~ ~ I L )  I (L/MINj I ( C E N T I G R A D  
. E )  ' )  

1 104 PORRLT (16X, 9 ( '  1 I. 1 2 X )  ) 
1 1 0 5  FORMATj*D ORGANIC PRASE' )  
1106 C O R I A T ~ 1 O X . ' S T A G E  \ N I T R I C  A C I D 1  ORAWIOtl I P Q ( I V )  I O  E I T P L C  

.TION( e a  E X T R A C T  1 ~ ~ 0 3  E X T R R C T I  DENSITY I n o w  R A T E  I INVENTOR 
- 1 ' )  

1107 FORRLT(lOX,' NO. 1 (MOL/L) I ( G G )  I ( G / L )  I FACTO 
. R  1 FACTOR 1 FACTOR 1 (G/llL) I ( L / n I N )  I CRINGE ( 
-9  1) wo 
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APPENDIX K .  TABLE OF NOMENCLATURE 

V a r i a b l e s  

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

D 

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

K P  Pseudo mass e q u i l i b r i u m  c o n s t a n t  
34- 
3 Kd D i s s o c i a t i o n  c o n s t a n t  f o r  PuNO 

k '  Reac t ion  ra te  c o n s t a n t  

0 Organic f l o w  ra te  ( l i t e r s j m i n )  

t T i n i e  (min) 

V Volume ( L i t e r s )  

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

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

T Residence t i m e  

I__- 

D i  s t r i b u t  i o n  c o  e ff i c  i e n t  

S u b s c r i p t s  

a 

E 
i 

j 

k 

m 

u 

P 
s 

t 

U 

Aqueous phase 

Feed stream 

S o l u t e  number 

S t a g e  number 

Zone number 

Mixer 

Organic  phase 

Product  stream 

S e t  t l e r  

P o i n t  i n  t i m e  

Ura ilium 





ORNL-5471 
D i - s t .  Category IJC-79c 

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

1. 
2-6 a 

7 .  
8 .  
9. 

10 e 
11. 
1 2 .  
1 3  
1.4 
15. 
16. 

17-21. 
2%. 

23-32. 

56.  

57-58. 

59-60. 

61.  

62. 

63 ). 

64. 

65 

66. 

67 * 

68. 

69. 

7 0 .  

71. 

C .  W. Alexander 
M .  Anthony 
J. E .  Bigelow 
W .  D .  Rurch 
E .  I). Coli-ins 
D. J. Crouse 
W. S .  Groen ie r  
R. T .  J u b i n  
E'. A .  Kapaelmann 
L .  J. King 
C .  E .  Lamb 
R .  E.  Leuze 
A. P .  b l i n a u s k a s  
E. F.  Maskewitz 
A ,  D .  M i t c h e l l  

33-37"  
38. 
39. 
40 (. 
4 1  ., 
4 2 .  
4 3 .  
4 4 .  
4.5. 

46-47 L 

48-52.  
53. 
5 4  1 

5 5 .  

It. 11. Rai r i ey  
F.  M. S c h e i t l i n  
D.  I?. Stevens  
1) I W. 'Tetldcr 
V.  C .  A. Vaughen 
B .  L ,  Vondra 
S a  €5. Watson 
M .  E .  Whatley 
R.  G .  Wymer 
C e n t r a l  Research L i b r a r y  
Labora tory  Records 
Laboratory Records,  R , C .  
ORNL Y- 1 2  Technica l  L i b r a r y  
Document Keference S e c t  ion  
0RNL Pa t en t S e c t i on 

Externa l  D i  st r i b  u t  i on 

D i r e c t o r ,  Nuclear  Research and Development [ )?v is  ion,  DOE-OKO, 
P .  0. Box E, O a k  R i d g e ,  'rN 37830 
D i r e c t o r ,  D i v i s i o n  of Nuclear Power I'revelop~nent, DOE, Washington, 
D - C .  20.545 
D i r e c t o r ,  D i v i s i o n  of Reac tor  Research and TechnoI-ogy, DOE, 
Washington, D . C .  20545 
Manson Benedict ,  Massachuse t t s  I n s t i t u t e  of Te.cbnology, 
77 Plassachuset ts Avenue, Cambridge , MA 021 39 
G.  Bennedic t ,  Get1era.L A t o n i c  Corpora t ion ,  P .  0 .  Box 81.608, 
San Diego, CA 921.38 
J .  E .  Bennet t ,  ECE Department , Clemson U n i v e r s i t y ,  Clemson, S C  
29631. 
M. L.  B l e i b e r g ,  Westinghouse E l e c t r i c  C o r p o r a t i o n ,  Advaaced Reac tors  
D i v i s i o n ,  Waltz M i l l  S . i . t e ,  P. 0. Box 1-58, Madison, PA 15663 
D e  E .  Clay ton ,  Bat te l le  P a c i f i c  Northwest Labora tory ,  P .  0 .  Box 999,  
Richland ,  WA 99352 
Casey Durst ,  A l l i e d  Chem:ic:.al. C o r p o r a t i o n ,  550 Second Street :  ~ 

Idaho F a l l s ,  I D  8 3 4 0 1  
Dennis E n g l e r ,  General  Atomic C o r p o r a t i o n ,  P .  0. Box 81.608, 
San Diego ,  C h  92:1..38 
Mar t in  F r e i d l a n d ,  Gulf  and Western Advanced Development and 
Engineer ing  C e n t e r ,  101 Ches te r  Road, Swarthmore, PA 1908:L 
F. .J. J o n e s ,  Bechtel. C o r p o r a t i o n ,  1'. 0 .  Box 396.5, San F r a n c i s c o ,  
CA 94119 
B e F. Judson,  Vice-pres ident  and Manager, GEUMCO-Engineering, 
17.5 Curtt ier Avenue, Mail. Code 8 5 8 ,  San .Jose, CA (35125 
R. S.  Karinen, P r o g r a m e d  and Remote Systems Corpora t ion ,  
3640 Lexington Avenue, St. P a u l ,  MN 55112 



72. 

73. 

7 4 .  

75. 

76. 

77 .  

78. 
7 9 .  

80 .  

81-321. 

R.  H. Karlsson, Rockwell Pnternati .ona1, Atomics I n t e r n a t i o n a l  
D i v i s i o n ,  Rocky F l a t s  P l a n t ,  P .  0 .  Box 4 5 4 ,  Golden, C O  80401 
Ralph T,eonard, Argonne Nat ional  Labora tory ,  Buil-ding 205, 
9700 South Cass Avenue, Argonne, PI, 60439 
R .  E .  Mullen,  A e r o j e t  Manufacturfng Company, 601- South P l a c e n t i a  
Avenue, P .  0 .  Box 4 2 1 0 ,  F u l l e r t o n ,  CA 92534 
L .  A. Neimark, Argonne National.  Labora tory ,  9700 South Cass 
Avenue, Argonne, 11, 60439 
G. L.  Richardson,  Hanford Engi.neering Development Labora tory ,  
P .  0.  Box 1970, Richland,  WA 99352 
Alf red  Schneider ,  School of Nuclear  Eng-ineerirlg, Georgia 
I n s t i t u t e  of Technology, A t l a n t a ,  GA 30332 
Major Thompson, Savannah River Labora tory ,  Ai.ken, SC 29801. 
D. E .  Wood, Kaman Sciences Corpora t ion ,  1.500 Garden of  t h e  Gods Road, 
P .  0. Box 7 4 6 3 ,  Colorado S p r i n g s ,  C O  80333 
O f f i c e  of A s s i s t a n ?  Manager, Energy Research and Development, 
DOE-ORO, P. 0. Box E ,  Oak Ridge, T N  37830 
Given d i s t r i b u t i o n  as shown i n  ‘CIT)-(t500 under  UC-79c, Fuel 
Recycle Category (Applied)  


