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SEPHIS-MOD4: A USER'S MANUAL TO A REVISED MODEL OF THE PUREX SOLVENT - -  - - - * _  
EXTRACTION SYSTEM _ .  

A. D. MiCchell  

AB,STRACT 

The SEPHIS computer program 3s  a t o o l  f o r  s i m u l a t i n g  t h e  
o p e r a t i o n  of  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  t h e  'Purex p rocess .  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  system i s  
be ing  s imula ted  s o  t h a t  t h e  u s e r  can  more f u l l y  unders tand  t h e  
r e s u l t s  of t h e  program. Although i t  i s  n o t  necessa ry  t o  r u n  t h e  
program, a n  e x p l a n a t i o n  of 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  sur rounds  computer codes .  
Due t o  t h e  f i n i t , e  n a t u r e  o f  computers ,  s e v e r a l  approximations 
and assumptions were made t o  s i m p l i f y  t h e  sys tem so  t h a t  a computer 
can e a s i l y  handle  t h e  process-. A d e s c r i p t i o n  of  t h e s e  
approximations i s  g iven  t o  h e l p  t h e  u s e r  of t h e  program unders tand  
why d i f f e r e n c e s  are found betw.een t h e  p r e d i c t e d  and experimenta4 
c o n c e n t r a t i o n s  i n  a system. 1.n o r d e r  t o  r u n  t h e  program, a 
d e s c r i p t i o n  of t h e  i n p u t  c a r d s  and some examples are g-iven, 
SEPHIS-MOD4 i s  more f l e x i b l e  t h a n  t h e  p rev ious  v e r s i o n s  of SEPHIS; 
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  on ly  t h e  d e s i r e d  r e su l t s , .  A l i s t i n g  of  t h e  computer 
code i s  g iven  i n  t h e  appendices .  

1. THE CONCEPTUAL AND MATHEMATICAL BASIS FOR SEPHIS-MOD4 

SEPHIS-MOD4 i s  a n  improved s i m u l a t i o n  of  t h e  Purex p rocess  based on 

a n  i d e a l i z e d  model f o r  mixer-settlers The components c g s i d e r e d  by 

SEPHIS-MOD4 a r e  n i t r i c  a c i d ,  uranium, plutonium(IV),  p lu tonium(PII ) ,  

a plutonium r e d u c t a n t ,  and i n e x t r a c t a b l e  n i t r a t e  sa l ts .  D i f f e r e n f 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 low of  t h e  s o l u t e s  through t h e  model. 

Empir ica l  , c .o r r e l a t ions  de te rmine  how each s o l u t e  i s  d i s t r i b u t e d  ,between 

t h e  aqueo*us and o r g a n i c  phases .  

v a r i o u s  methods must ,be used t o  b r e a k  t h e  problem i n t o  segments which 

can  be  handled conven ien t ly  by a computer. 

Because a computer i s , a  f i n i t e  machine,, 

The 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  tha: i s  used by SEPHIS-MOD4 

D e f i n i t i o n s  of t h e  v a r i a b l e s  u s e d a r e  l i s t e d  5n is  d e p i c t e d  i n  F ig .  1. 

Appendix B .  

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

stream from t h e  succeeding  s f a g e .  

S o l u t e s  e n t e r  each mixer via  aqueous and organ4c -feed 

These streams a re ,mixed  w$th t h e  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  ach ieve  a n  s 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 eams  leave each mixer and e n t e r  t h e  

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

homogeneously mixed and over f lows  i n t o  t h e  nex t  zone. 

t h e  t h i r d  s e t t l e r  zone, t h e  stream may e i t h e r  e x i t  t h e  system as a 

product  stream o r  proceed t o  t h e  nex t  mixer as  a n  i n t e r s t a g e  flow. 

A f t e r  l e a v i n g  

Feed and product  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 .  

i n d i v i d u a l l y  f o r  b o t h  t h e  mixers  and sett lers.  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  s e t  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  ou tpu t  w i l l  be  p r i n t e d .  

b e  g iven  new v a l u e s  a t  any t i m e  d u r i n g  t h e  computat 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 volume of  t h e  aqueous and o r g a n i c  phases  may b e  s p e c i f i e d  

The pe r iod  between 

Almost a l l  of t h e  v a r i a b l e s  may 

To s imula t e  t h e  f low of  s o l u t e s  through 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  mixers and sett lers must be  formulated 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  unsteady-  

s t a t e  mass ba lance  around a mixer .  The streams t h a t  f low i n t o  t h e  mixer 

a re  t h e  aqueous stream from t h e  set t ler  of 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 of t h e  succeeding  s t a g e  (Oj+l), and 

any feed  streams t o  t h e  s t a g e  (A 0 >. The streams t h a t  f low o u t  of f j '  f j  
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  settlers. 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 lows  

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

>, j -1 

j PJ . j  PJ 

d(Vma..X . + Vm0.Yi,  .>  
d t  

- 
- A j - l X i , j - 1  + O j + l Y i , j + l  + A f j x f i , j  

3 ~ Y J  

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

- (A. + A p j > x i , j  
+ O f j Y f i , j  J 

I n  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 are 

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  phases ;  hence,  

= D x  (2)  Y i ,  j i i , j  ' 
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Applying t h e s e  assumptions t o  E q .  (l), . 

.. 

Since  each of t h e  c o n c e n t r a t i o n s  (except  t h e  feed  stream c o n c e n t r a t i o n s )  

can  v a r y  d u r i n g  any t i m e  i n t e r v a l ,  a r easonab le  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 b e  chosen.  A l l  t h e  f low ra tes ,  volumes, and feed  

streams are cons idered  t o  be  c o n s t a n t  over  a p a r t i c u l a r  i n t e r v a l  of t i m e ,  

The v a l u e  of  i, j+l '  so t h e  remaining v a r i a b l e s  are x , Di, xi,j-l Y and y i , j  
x is  determined by t h e  Runge-Kutta i n t e g r a t i o n  scheme. The v a l u e  of 

Di i s  c a l c u l a t e d  once  x i s  known. Assuming t h a t  x and y i, j+l w i l l  

va ry  by o n l y  s m a l l  amounts du r ing  t h e  t i m e  i n t e r v a l ,  a r easonab le  c h o i c e  

for  t h e s e  v a l u e s  i s  a n  ave rage  of t h e  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 t h e  c o n c e n t r a t i o n  a t  t h e  end. Thus, 

i , j  

i , j  i, j-1 

L- 

X 
= (x  i , j -1  , t  + x i , j - l , t + A t  1 / 2  i, j-1 

and 

) / 2  - - 
Y i ,  j+l  - ( Y i , j + l , t  + ' i , j + l , t + A t  

( 4 )  

(5) 

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

eva lua ted  by a n  i t e r a t ive  procedure.  

The i t e ra t ive  procedure  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  F i g .  2 .  The 

h o r i z o n t a l  a x i s  de t e rmines  t h e  s t a g e  number, w h i l e  t h e  ver t ica 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 t o  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 h a 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 c a l c u l a t e d  up t o  s t a g e  j a t  t i m e  t + 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 o  compute x i , j , t + A t  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  except  f o r  y The s i m p l e s t  s o l u t i o n  t o  t h i s  i, j+l, t + A t  * 

problem i s  t o  say  t h a t  

( 6 )  - - 
'i, j +1, t + A t  'i , j +1, t * 
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F i g .  2. A r e p r e s e n t a t i o n  of t h e  i t e ra t ive  p rocedure  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 b e  eva lua ted  and i n t e g r a t e d  by t h e  Runge- 

Kut ta  i n t 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  i , j  , t + A t  
The i t e r a t ive  procedure  t h e n  moves on t o  t h e  nex t  s t a g e  where t h e  

procedure  i s  r epea ted .  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 i o n s ,  t h e  next  row of p o i n t s  can  be cons ide red .  I n  t h e  next  

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

Changing t h e  o r d e r  of  computat ion should 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  approximation i n  Eq. ( 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  cor responding  approximation t h a t  i s  used is :  

) f o r  t h e  p o i n t  i n  ques t ion .  

X = x  i , j - l , t + A t  i , j - l , t  * 
(7)  

The i t e r a t i v e  procedure  con t inues  t o  scan  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  is  a se t t le r  which must a l s o  be cons idered .  A f t e r  t h e  

c o n c e n t r a t i o n s  have been c a l c u l a t e d  f o r  a mixer ,  t h e  sett 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  i n  t h e  se t t le 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 l y  p ropaga te s  t h e  c o n c e n t r a t i o n  changes through 

t h e  se t t le r .  I n  t h i s  way, a t i m e  d e l a y  is  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  nex t  mixer .  

The set t ler  e q u a t i o n s  are formula ted  i n  t h e  same manner as t h o s e  of 

t h e  mixers .  Each set t ler  i s  subdiv ided  i n t o  t h r e e  equal-volume, p e r f e c t l y  

mixed zones .  The on ly  s t ream e n t e r i n g  a se t t le r  i s  t h e  phase  f l o w  o u t  

of t h e  mixer .  T h i s  stream p a s s e s  through t h e  se t t le r  and e i t h e r  leaves 

as a product  stream o r  c o n t i n u e s  t o  t h e  nex t  s t a g e .  

component i i n  zone k of s t a g e  j i s  then  

The mass ba lance  f o r  

v 
s a i  (dxiii, k) = A . x  - A . X  3 SJ i , j , k - 1  SJ i , j , k  

T h i s  d i f f e r e n t i a l  is  pu t  i n t o  a s imple  f i n i t e  d i f f e r e n c e  form, and t h e  

c o n c e n t r a t i o n s  are  eva lua ted  i n  t h e  same manner as i n  t h e  mixers  t o  g i v e :  

- x  

3 A t  )= A s j  
i , j  , k , t  v saj r i ,  j ,k,t+At 

+ x  
i, j ,k ,  t + A t  . i, j , k , t  X 

- 
2 

i , j  ,k- l , t+At i- X i , j , k - l , t  
2 

(9 )  
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The o n l y  unknown v a l u e  i s  x i , j  ,k , t+At '  so s o l v i n g  t h e  equa t ion  g i v e s  

+ x  - x . ,  . 1 

(10) 

Y . 1  9 Y i , j , k-1, t 1 , 3 , k , t  . = 2Vsajxi, j , k , t  + 3A SJ .Af(xi . k-l 't+At 
2Vsaj + 3A . A t  

X i , j , k , t + A t  
SJ 

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  propagated through t h e  s e t t l e r  zones.  Thus, a l l  t h e  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  next  s t a g e  i s  cons idered .  A f t e 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  next  p o i n t  

i n  t i m e  i s  eva lua ted .  T h i s  procedure  is  cont 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  appea r s  t o  be  a ve ry  a c c 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 ve ry  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.  Unfo r tuna te ly ,  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 .  

t h e  program. The equa t ion  f o r  t h e  mixer starts w i t h  Eq. ( 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  eva lua ted  i n  t h e  same manner as  i n  Eqs. ( 4 )  

and (5) .  
Rearranging t h e  e q u a t i o n  g i v e s ,  i n  f i n a l  form, 

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  

The on ly  unknown remaining i n  t h e  equa t ion  i s  x i , j , t + A t  ' 

+ O j + l Y i ,  j+l ,j-1 = I v  m a j  x i , j  ,f + 'mojYi,j , t  + A t  [Aj-lxi X i , j  , t + A t  

/ 2  - (0. + 0 . > Y i , j Y t  /21 I /  
+ * f j x f i , j  + O f j Y f i , j  J J PJ 

- (A. + A . ) x  
PJ i y j , t  

C a l c u l a t i o n s  i n  t h e  se t t lers  a n d t h e d t e r a t i v e  procedure  a re  no 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  as f a s t  as t h e  Runge-Kutta method. T h i s  

f a s t  t echnique  i s  recommended f o r  u s e  when o n l y  steady-state r e s u l t s  

a re  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  a re  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 appear  i n  t h e  mixer e q u a t i o n s  

[Eqs. (3)  and ( l l ) ] ,  are  c a l c u l a t e d  us ing  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 idered  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  as 

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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UO? + 2N05 + 2TBP 3 U02(N03)2'2TBP . 
A pseudo mass-act ion e q u i l i b r i u m  c o n s t a n t  i s  de f ined  f o r  each  r e a c t i o n  

acco rd ing  t o  : 

[U02(N03)2'2TBP] 
K '  = 

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

The c o r r e l a t i o n s  are  t h e  r e s u l t  of a mathematical  f i t  of exper imenta l  

d a t a  t o  t h e  form: 

- 2  , [ U 0 2  ( NO3) * 2TBP ] 
K =  2 = K,'[N03] . 

[UO?] [TBP] 
U 

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 re  w r i t t e n  f o r  t h e  n i t r i c  a c i d  and 

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  tempera tures  

and TBP c o n c e n t r a t i o n s  are  a l s o  inc luded .  

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 chemical  r e a c t i o n  would 

appear  as a g e n e r a t i o n  o r  d e p l e t i o n  term i n  Eq. (1). 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  t h e  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 t h e  r e a c t i o n  r a t e  r a t h e r  t h a n  by t h e  r e s i d e n c e  

t i m e  f o r  a s t age ,wh ich  is  g e n e r a l l y  more impor tan t .  Thus, chemical  

r e a c t i o n s  are cons ide red  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  mass ba lance  equa t ions .  

Chemical r e a c t i o n s  o c c u r r i n g  i n  t h e  mixer 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 t ion.  The s o l u t e  i n  t h e  o rgan ic  

phase  ac t s  t o  b u f f e r  t h e  aqueous c o n c e n t r a t i o n  by a n  approximation 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 n t s  change o n l y  s l i g h t l y  due  t o  t h e  r e a c t i o n .  

To de termine  t h e  e x t e n t  of r e a c t i o n ,  t h e  aqueous c o n c e n t r a t i o n s  are put  

i n t o  a n  i n t e g r a t e d  ra te  equa t ion .  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  

t h e  amount of s o l u t e  i n  t h e  mixer acco rd ing  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  s o l u t e s  between t h e  

phases  i s  a d j u s t e d  t o  account  f o r  t h e  a l t e r e d  c o n c e n t r a t i o n s .  

Chemical r e a c t i o n s  o c c u r r i n g  i n  t h e  set t lers  are  much less complicated.  

N o  i n t e r p h a s e  approximat ions  are  necessa ry .  The c o n c e n t r a t i o n s  i n  t h e  

zones de te rmine  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  of  r e a c t i o n  i s  f a c t o r e d  

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

_. I 
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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 i s  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  plutonium. The assumed 

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

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

The r e a c t i o n  i s  shown as  fo l lows :  

2Pu4+ + U4+ + 2H20 + 2Pu3+ + UO;' + 4H' , 

wi th  a n  e m p i r i c a l  ra te  equa t ion ,  

The i n t e g r a t e d  r a t e  equa t ion  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  

The r e a c t i o n  i s  assumed t o  be:  
+ 2NH30H+ + ZPu4+ -f 2Pu3+ + N2 + 2 H 2 0  + 4H , 

s i n c e ,  i n  p r a c t i c e ,  t h e  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  plutonium(1V) c o n c e n t r a t i o n .  The ra te  equa t ion  i s :  

5 The rate cons tan t  ( k ' )  a t  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 / s e c ,  

w i t h  a n  a c t i v a t i o n  energy 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  c o n c e n t r a t i o n s .  

r e s u l t i n g  equa t ion  is  then  l o c a l i z e d  by a b i n a r y  sea rch .  

3+ T h i s  ra te  equa t ion  i s  i n t e g r a t e d  by assuming 

The proper  r o o t  of t h e  

The o p e r a t i o n  of a s t a g e  i s  sepa ra t ed  i n t o  a ser ies  of d i s c r e t e  

The c o n t e n t s  of t h e  mixer and a l l  t h e  streams s t e p s  by SEPHIS-MOD4. 

f lowing  i n t o  t h a t  mixer are combined and 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  

are  mixed a g a i n  t o  account  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 c i e n t s  

due  t o  t h e  r e a c t i o n .  

mixed i n t o  t h e  f i r s t  se t t ler  zone. 

second,  and t h e  second zone over f lows  i n t o  t h e  t h i r d .  

t h e  t h i r d  zone is  removed as a product  stream o r  d i r e c t e d  t o  t h e  nex t  

A p o r t i o n  of t h e  mixer c o n t e n t s  i s  sepa ra t ed  and 

The f i r s t  zone over f lows  h t o  t h e  

The over f low from 

mixer .. 



-10- 

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  unders tand  what happens 

du r ing  t h e  computer run .  SEPHIS-MOD4 i s  comprised of t h e  main program . 

and 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  ve ry  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 ac ts  as a n  

a d m i n i s t r a t o r .  STARTS hand les  most of t h e  i n p u t  t o  t h e  program. CONVRT 

c o n v e r t s  t h e  u n i t s  of t h e  i n p u t  d a t a  t o  t h e  u n i t s  used du r ing  t h e  

c a l c u l a t i o n s , .  MOLAL p rov ides  t h e  convers ion  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 read  i n  by t h e  program, 

STAGES performs t h e  s t agewise  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 SCHEN perform any r e q u i r e d  chemical  r e a c t i o n s  i n  t h e  mixers  

and settlers. PRTOUT r e c o n v e r t s  t h e  u n i t s  and 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 .  Th i s  o r g a n i z a t i o n  adds  cons ide rab ly  t o  t h e  complexi 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  m o d i f i c a t i o n s .  

The o r g a n i z a t i o n  of t h e  program w a s  i n f 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 iv ided  i n t o  segments which 

perform g e n e r a l  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 of  o r g a n i z a t i o n  s e p a r a t e s  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  w i t h  s o l v e n t  e x t r a c t i o n  from those  

which l i m i t  t h e  program t o  t h e  Purex p rocess .  The main program, STARTS, 

and STAGES are  v e r y  g e n e r a l  r o u t i n e s  and could be  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 rocesses .  The remaining s u b r o u t i n e s  perform v a r i o u s  

f u n c t i o n s  o r  p rov ide  t h e  needed c o r r e l a t i o n s  which l i m i t  t h e  program 

t o  t h e  Purex p rocess .  When bn ly  t h e  Purex p r o c e s s  i s  be ing  s imula t ed ,  

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  unnecessary .  However, t o  change 

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

. s h o r t  s u b r o u t i n e s  (CONVRT, MOLAL, UCOR, MCHEM, SCHEM, and PRTOUT) 

need t o  be  r ep laced .  

Each computer r u n  i s  d i v i d e d  i n t o  one o r  more cases. A s o l v e n t  

e x t r a c t i o n  case i s  de f ined  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 of  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 of  o p e r a t i o n .  Each case i s  subdiv ided  i n t o  a number of  

s e p a r a t e  t i m e  p e r i o d s .  A t i m e  pe r iod  i s  d e s c r i b e d  by t h e  input -s t ream 

f low 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  system, 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 be changed as d e s i r e d  w i t h i n  any t i m e  pe r iod .  

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

t h e  f low rates, volumes, f eed  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 be  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 be a l t e r e d .  The program 

a l lows  f o r  a ve ry  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 .  It i s  impor tan 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  be  r e a l i s t i c a l l y  made i n  p rocess  equipment. 

a n  i n c r e a s e  i n  volumes from one t i m e  pe r iod  t o  t h e  nex t  is  al lowed by 

t h e  program. The r e s u l t  is  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  inven to ry  

of t h e  var iGus components; t h u s ,  mass has  been "crea ted"  by t h e  volume 

changes.  Such r e s u l t s  were 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  fo l low 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  be  made. 

The 

For example, 

The computer run  beg ins  i n  t h e  main program. The t i t l e  of t h e  new 

case i s  read  a l o n g  w i t h  t h e  number o f  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 ip ing .  

so  t h a t  no th ing  from a p rev ious  case w i l l  i n t e r f e r e .  A c o n t r o l  ca rd  i s  

read t o  start the  nex t  t i m e  pe r iod .  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 s e v e r a l  v a r i a b l e s  which i n d i c a t e  t h e  in fo rma t ion  t h a t  is  t o  be r ead  

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

c o n c e n t r a t i o n s ,  product-s t ream f low rates,  volumes, o r  a n  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 ca 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 rocesses  a l l  t h e  new in fo rma t ion  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 feed  streams are  t o  be  g iven ,  

a l l  t h e  o l d  feed-stream f low rates and c o n c e n t r a t i o n s  are  se t  t o  ze ro .  

The in fo rma t ion  i s  read  from t h e  feed-stream 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 low rates and 

c o n c e n t r a t i o n s  are conver ted  t o  mola l  u n i t s ,  which are ready  f o r  computation. 

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 
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The product  streams are  t r e a t e d  i n  a similar manner. 

I f  a n  i n i t i a l  p r o f i l e  is  t o  be read  i n ,  a l 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  must b e  given.  The program assumes t h a t  t h e  i n i t i a l  

p r o f i l e  v a l u e s  a l s o  apply  t o  t h e  set t lers .  The c o n c e n t r a t i o n s  are  

converted t o  a molal  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  begin.  The a c t u a l  

c o r v e r s i o n s  a re  done wi th  t h e  a i d  of t h e  CONVRT and MOLAL subrou t ines .  

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

c o n c e n t r a t i o n s  i n  t h e  i n p u t  stream d a t a  and 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  are converted 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 subrou t ine ,  which c a l c u l a t e s  

a convers ion  f a c t o r  t o  change t h e  u n i t s  from a molar t o  a molal  b a s i s .  

S ince  t h e  i n p u t  and ou tpu t  streams have been s p e c i f i e d ,  t h e  f low 

through each s t a g e  and t h e  i n t e r s t a g e  f lows can be  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  e x t r a c t i o n  system by t h e  s u b r o u t i n e  STARTS. 

stream w a s  s p e c i f i e d  t o  be  l a r g e r  than  t h e  t o t a l  phase f low 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 low from t h e  set t ler  is  set t o  ze ro  and t h e  

product  stream flow is  se t  t o  t h e  t o t a l  phase f low i n t o  t h e  s t a g e .  

i s  simply 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  of a s t a g e  t h a n  t h a t  which 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  system are se t .  

I f  a product  

This  

The volumes are  g iven  l a s t .  Th 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 ler  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 .  

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

may be  s p e c i f i e d  independent ly .  

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 through t h e  mixer ,  on ly  t h e  

t o t a l  mixer volume needs t o  b e  g iven .  The phase volumes w i l l  be  set by: 

These volumes may be s p e c i f i e d  i n  a number 

I f  t h e  phase s p l i t  i n  t h e  mixers  i s  

- Am j 
'maj - 'mj A + o 

m j  m j  

When t h e  volumes are n o t  impor tan t  t o  t h e  problem ( o r  when on ly  s teady-  

s ta te  r e s u l t s  are d e s i r e d ) ,  t h e  mixer volumes can be  set  equa l  t o  t h e  

phase f lows.  

The volumes do n o t  need t o  be g iven  f o r  every  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 t a g e  are n o t  g iven ,  t h e  program w i l l  assume t h a t  t h e  

r e q u i r e d  volume i s  t h e  same as t h a t  i n  t h e  p rev ious  s t a g e .  For example, 

- -  
: I 
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i f  t h e  t o t a l  mixer volume i s  t o  be g iven  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  be  set equa l  t o  t h a t  of t h e  p rev ious  

s t a g e .  Also,  i n  t h i s  case, t h e  phase r a t i o  w i l l  be  a d j u s t e d  to  r e 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  sett lers are  g iven  i n  t h e  same manner as those  

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

subrou t ine  checks t o  be s u r e  t h a t  each of t h e  f o u r  r equ i r ed  volumes i n  

every  s t a g e  has  a va lue .  

I f  an 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  i s  t o  be used ,  a check i s  

made t o  ensure  t h a t  t h e  phases  are  i n  equ i l ib r ium.  I f  t h e  s o l u t e  

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  between t h e  phases  u n t i l  a n  equ i l ib r ium 

composi t ion is  found. 

T h i s  completes a l l  t h e  in fo rma t ion  r e q u i r e d  f o r  a s i n g l e  t i m e  pe r iod .  

The c u r r e n t  v a l u e s  f o r  t h e  f low rates, volumes, and c o n c e n t r a t i o n s  are 

l i s t e d .  Th i s  l i s t i n g  g i v e s  a l l  t h e  informat ion  p e r t a i n i n g  t o  t h e  t i m e  

pe r iod  s o  t h a t  t h e  c a l c u l a t i o n  may be r epea ted  o r  i d e n t i f i e d  e a s i l y .  

Th i s  l i s t i n g  should a l s o  be used t o  check t h e  i n p u t  in format ion .  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 program. 

The main program on ly  d i r e c t s  t h e  i t e r a t i v e  procedure.  It d e t e r n i n e s  

t h e  e lapsed  t i m e ,  t h e  t ime when a p r o f i l e  should be p r i n t e d ,  and whether 

t h e  c a l c u l a t i o n  i s  t o  be  cont inued .  The bulk  of  t h e  computation i s  done 

i n  t h e  STAGES subrou t ine .  The STAGES subrou t ine  is' c a l l e d  once f o r  each 

t i m e  increment .  A f t e r  t h e  n e w  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  have' b-eeti 

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

The subrou t ine  STAGES works through t h e  s o l v e n t  e x t r a c t i o n  system by 

computing t h e  c o n c e n t r a t i o n s  and tempera tures  f o r  each s t a g e  b e f o r e  moving. 

t o  t h e  next  s t a g e .  The tempera tures  are eva lua ted  by s i m p l e  h e a t  balances',  

and t h e  mixer c o n c e n t r a t i o n s  are  eva lua ted  by one of two i n t e g r a t i o n  

techniques .  

uns t eady- s t a t e  mass ba lance  wi th  a four th-order  Runge'-Kutta i n c e g r a t i o b .  

The f a s t e r  t echn ique  i s  a f i n i t e  d i f f e r e n c e  method deri-ved from t h e  mass 

ba lance .  During e i t h e r  form of i n t e g r a t i o n ,  STAGES c a l l s  the UCOR 

subrou t ine  t o  ca lcu i la te  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  v a r i o u s  components. 

These d i s t r i b u t i o n  c o e f f i c i e n t s  a re  used t o  c a l c u l a t e  t h e  changes in. 

concen t r a t ions .  However, s i n c e  t h e  v a l u e s  of the c o e f f i c i e n t s  are a l s o  

The s lower bu t  more a c c u r a t e  approach i s  t o  i n t e g r a t e  t h e  
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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 eve ry  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  ensu re  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  du r ing  any t i m e  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  fas 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  might be  c a l l e d  on ly  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  u s i n g  a t y p e  

of  mass a c t i o n  equa t ion .  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 [ p l u t o n i u m ( I I I ) ,  t h e  plutonium 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 ]  are  always se t  t o  ze ro .  

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  t h a t  might be 

t a k i n g  p l a c e  i n  t h e  mixer .  These r e a c t i o n s  are assumed t o  occur  on ly  

i n  t h e  aqueous phase ,  s o  t h e  aqueous c o n c e n t r a t i o n  is  used t o  compute 

t h e  e x t e n t  of r e a c t i o n .  The chemical  r e a c t i o n  i s  cons ide red  t o  b e  a 

change i n  t h e  s o l u t e  inven to ry  f o r  each  component involved  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  inven to ry  w i l l  r e s u l t  i n  a change i n  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 ,  t h e  s o l u t e s  are r e d i s t r i b u t e d  between t h e  phases .  

A f t e r  c a l c u l a t i o n s  f o r  t h e  mixer have been completed,  STAGES e v a l u a t e s  

t h e  c o n c e n t r a t i o n s  and t empera tu res  i n  t h e  se t t le r  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  c a l l e d  t o  

de t e rmine  t h e  c o n c e n t r a t i o n s  r e s u l t i n g  from any chemical  r e a c t i o n  t h a t  

o c c u r s  i n  t h e  set t lers .  T h i s  i s  done i n  a manner s i m i l a r  t o  t h a t  of 

MCHEM. T h i s  completes  t h e  work r e q u i r e d  f o r  one  s t a g e ;  t h e  nex t  s t a g e  is  

t h e n  cons ide red .  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  s t a g e s ,  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 chores  are  handled i n  t h e  main program. T i m e  is 

incremented ,  and a check is 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  eve ry  s o l u t e  i n  each s t a g e .  The 

change i n  mixer inven to ry  and t h e  t o l e r a n c e  are  expressed  as p e r c e n t  pe 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  r e s u l t s  are  d e s i r e d  a t  t h i s  t i m e ,  a c o n c e n t r a t i o n  p r o f i l e  f o r  t h e  system 

is  p r i n t e d .  Before  p r i n t i n g ,  t h e  program w i l l  conve r t  t h e  c o n c e n t r a t i o n s  and 



-15- 

. - 
z 

f low rates  from t h e  moihal 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 anda rd  

u n i t s  used on t h e  p r i n t o u t .  

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

(PRTOUT) i s  used.  PRTOUT performs t h e  conve r s ions  w i t h  t h e  a i d  of 

MOLAL and p r i n t s  t h e  p r o f i l e .  

t h e  punched card  o u t p u t ,  bu t  t h e  a c t u a l  punching i s  done i n  t h e  main 

program. 

Because t h e  conve r s ions  and p r i n t i n g  are  

These conve r s ions  are  a l s o  r e q u i r e d  f o r  

I f  t h e  t i m e  per iod  h a s  n o t  ended, t h e  program w i l l  con t inue  t o  

c a l c u l a t e  r e s u l t s  f o r  t h e  nex t  p o i n t  i n  t i m e .  When t h e  t i m e  pe r iod  

ends ,  s e v e r a l  more checks are  made. The f i n a l  p r o f i l e  of t h e  t i m e  pe r iod  

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

de te rmine  what w i l l  be  done n e x t .  Th i s  card  can be  used t o  e i t h e r  

con t inue  t h e  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  ca rd  may a l s o  start  a 

new case wi th  a 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  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  ca rd  w i l l  a l s o  end t h e  execu t ion  

of t h e  program. 

3 .  APPROXIMATIONS AND ASSUMPTIONS USED BY SEPHIS-MOD4 

Several assumptions and approximat ions  a re  made by SEPHIS-MOD4. 

None of t h e  assumptions are necessa ry ,  bu t  t hey  r e s u l t  i n  a s i g n i f i c a n t  

s i m p l i f i c a t i o n  of t h e  sys tem be ing  s t u d i e d  and a l a r g e  sav ings  i n  

computat ion t i m e .  The approximat ions  can be  grouped i n  f i v e  major areas: 

1. Concentrations i n  t h e  contactor  change r e l a t i v e l y  s lowly.  

2 .  The volumes and f l o w . r a t e s  remain c o n s t a n t  u n t i l  changed by 

t h e  u s e r .  

3 .  The mechanical  o p e r a t i o n  of  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  chemical  e f f e c t s  o r  c o n d i t i o n s  are  assumed t o  e x i s t  o r  

n o t  e x i s t .  

5. Many h e a t  e f f e c t s  are neg lec t ed .  

The approximations 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  c a l c u l a t e d  

c o n c e n t r a t i o n s  and expe r imen ta 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  can  

g e n e r a l l y  be 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  of a c o n t a c t o r .  
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The approximat ions  t h a t  were made i n  o r d e r  t o  numer i ca l ly  i n t e g r a t e  

t h e  d i f f e r e n t i a l  equa t ions  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  imply 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 t h e  c o n c e n t r a t i o n s  are changing 

r a p i d l y .  The c o r r e c t  i m p l i c a t i o n  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 l l  occur  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  

c o n d i t i o n s ,  p a r t i c u l a r l y  when t h e  c o n t a c t o r  s t a r t - u p  procedure  i s  be ing  

s imula t ed .  F i g u r e  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 were found i n  t h e  feed  s t a g e  d u r i n g  t h e  s t a r t - u p  

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

e r r o r  of  0.3 g / l i t e r  i n  t h e  feed  s t a g e .  After 1 min, 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  'LO.23 g / l i t e r .  For comparison, 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  inc reased  from 0 .0  t o  52 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- 

imat 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 cause  t h e  f low rates  and volumes i n  t h e  system t o  

va ry  w i t h  changes i n  c o n c e n t r a t i o n .  However, i n  d e r i v i n g  t h e  d i f f e r e n t i a l  

e q u a t i o n s ,  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 approximat ions  a re  n o t  s t r i c t l y  a p p l i e d  t o  t h e  system. 

The c a l c u l a t i o n s  w i t h  t h e  f low rates and c o n c e n t r a t i o n s  are performed 

i n  mola l  u n i t s  i n  o r d e r  t o  bypass  t h i s  problem. The volumes are  a l s o  

conver ted  t o  mola l  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  are  made. The molal 

c o n c e n t r a t i o n s  and f low rates 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 ince  t h e  "real" volume i n  l i t e r s  i s  

assumed t o  be  c o n s t a n t .  These changes i n  t h e  molal  volume l e a d  t o  

accumulat ion t e r m s  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  

dx dV - v - + x - -  
d t  d t  d t  

-- d (VX) 

To j u s t i f y  t h e  u s e  of t h e  assumption,  a comparison w a s  made between 

t h e s e  accumulat ion terms f o r  a number of s i t u a t i o n s .  

( t h e  t e r m  kept  by t h e  program) was 100 t i m e s  l a r g e r  t h a n  x(dV/dt)  ( t h e  

t e r m  neg lec t ed  by t h e  program). The neg lec t ed  t e r m  assumed importance only  

when t h e  c o n c e n t r a t i o n  of  one component w a s  he ld  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  were changing.  

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

Gene ra l ly ,  V(dx/dt)  

Even i n  t h e  most extreme case t r i e d ,  t h e  
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Fig.  3 .  I n t e g r a t i o n  e r r o r s  produced by SEPHIS-MOD4. 
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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  should 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  i 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 is  necessa ry  i n  

o r d e r  t o  l i m i 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 han  

f l u i d  dynamics-type changes.  Attempting 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  a l l o w  c a l c u l a t i o n s  t o  b e  

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

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

of  t h e  set t lers .  Without t h i s  approximation,  t h e  program 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 

through t h e  c o n t a c t o r .  That  approach t o  t h e  problem i s ' u n w a r r a n t e d  f o r  

t h e  u s u a l  u s e s  of  t h e  program. 

Entrainment  i s  n o t  cons idered  by SEPHIS-MOD4. A f t e r  l e a v i n g  t h e  mixer ,  

t h e  phases  a r e  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  t h e  se t t le rs  where no 

phase  t r a n s f e r  is  al lowed.  The approximation was made t o  s i m p l i f y  t h e  

system. Entrainment  could  have been s imula t ed  by t h e  program by 

d i r e c t i n g  small streams of bo th  phases  i n  t h e  wrong d i r e c t i o n .  

The chemis t ry  of t h e  Purex system is  ve ry  complex, and t h e  e f f e c t s  

of  many components i n  t h e  system are n o t  f u l l y  known. Other  approximations 

d e a l i n g  wi th  t h e  chemis t ry  were made t o  s i m p l i f y  t h e  p r o c e s s .  S ince  e q u i l i -  

brium i s  d e s i r e d  i n  t h e  s t a g e s  s o  t h a t  t h e  expe r imen ta l  r e s u l t s  can be  

compared w i t h  r e s u l t s  u s i n g  i d e a l  c o n d i t i o n s ,  t h e  components i n  the-mixers  

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 c o n d i t i o n s  could  have been s imula t ed  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  d i s t r i b u t i o n  r e l a t i o n  between 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. (211. 
P l u t o n i u m ( I I I ) ,  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  sal ts  

are assumed to remain i n  t h e  aqueous phase  (Di = 0.0). 

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  s o  low, plutonium i s  reduced t o  p lu ton ium(I I1 )  

t o  remove i t  from t h e  o r g a n i c  phase.  The r e d u c t a n t  is  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 rocess .  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  o f  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 f i c a n t  amounts,  t h e  e x t r a c t i o n  of uranium and plutonium would b e  

Because i t s  
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h inde red ,  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  of t h e s e  components, i f  d e s i r e d .  

No s o l v e n t  deg rada t ion  p roduc t s  a re  s imula ted .  HDBP o r  H2MBP are  

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

p roduc t s  tend t o  hold  t h e  uranium and plutonium i n  t h e  o rgan ic  phase.  

One could  s i m u l a t e  t h e s e  p roduc t s  knowing t h e i r  format ion  r a t e  and 

behavior  as e x t r a c t a n t s .  However, i f  t h e  s o l v e n t  deg rada t ion  p roduc t s  

were a n  impor tan t  f a c t o r  i n  a p a r t i c u l a r  system, t h e  p rocess  would 

probably  be too  poor t o  use  i n  p r a c t i c e ,  and a t t e m p t s  t o  expe r imen ta l ly  

demonst ra te  t h e  f e a s i b i l i t y  of t h e  p rocess  would f a i l .  

A l l  non idea l  h e a t  e f f e c t s  are  neg lec t ed .  Temperature p r o f i l e s  are 

A "mixing c a l c u l a t e d  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 .  

cup" tempera ture  i s  used.  

r a d i a t i o n ,  o r  gains .  o r  l o s s e s  t o  t h e  sur roundings  are cons idered .  These 

e f f e c t s  can be  s imula ted  by i n s e r t i n g  v e r y  s m a l l  pseudo streams wi th  v e r y  

h igh  o r  ve ry  low tempera tures .  Such streams could 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 thou t  changing t h e  phase  r a t i o s .  

No  h e a t s  of  mixing,  c o n t r i b u t i o n s  due t o  

I n  a d d i t i o n  t o  t h e s e  assumptions and approximat ions ,  o t h e r  more 

i m p l i c i t  assumptions may be found i n  t h e  program. Any approximation t h a t  

is  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 exper imenta l  

r e s u l t s .  Most of t h e s e  d i f f e r e n c e s  are of minor importance f o r  t h e  u s e s  

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  areas i n  t h e  c o n t a c t o r ,  

as desc r ibed  i n  t h e  nex 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  can  be  used w i t h  some conf idence .  A t  o t h e r  

t i m e s ,  t h e  s i m u l a t i o n  should  be  viewed wi th .more  skep t i c i sm.  The 

SEPHIS-MOD4 u s e r  should  be aware of t h i s  s i t u a t i o n  when i n t e r p r e t i n g  

t h e  r e s u l t s  f o r  any g iven  case. 

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-stream 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 i l l  p a s s  th rough t h e  c o n t a c t o r  as  d i s c r e t e  waves. 

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  be  and where i t  w i l l  

It i s  impor tan t  
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occur .  SEPHIS-MOD4 w a s  des igned  t o  produce such r e s u l t s .  F i g u r e s  4 

and 5 show t h e  uranium and n i t r i c  a c i d  r e sponse  cu rves ,  r e s p e c t i v e l y ,  

computed by SEPHIS-MOD4 a long  w i t h  t h e  expe r imen ta l  d a t a  p o i n t s .  The 

agreement is  ve ry  good, e s p e c i a l l y  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 

f low- ra t e  d a t a  p o i n t s .  The impor t an 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  t i m e  when t h e  wave 

of s o l u t e  w i l l  appear  and t h e  approximate peak c o n c e n t r a t i o n .  

Experimental  s t e a d y - s t a t e  d a t a  demonst ra te  t h e  a b i l i t y  of t h e  program 

t o  p r e d i c 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 .  Steady-  

s ta te  c o n c e n t r a t i o n s  are in f luenced  p r i m a r i l y  by t h e  f low rates and 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  are  a major f a c t o r  i n  t h e  

e x t r a c t i o n  and s t r i p  s e c t i o n s .  F igu res  6 and 7 show t h e  e f f e c t s  of t h e s e  

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 e l y .  Exper imenta 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  

are 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 t h e  cumula t ive  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 b u t i o n  c o e f f i c i e n t s .  I n  most of t h e  

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 e r e n c e  between t h e  expe r imen ta 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  i s  minor.  I n  t h e  r e g i o n  o f  low c o n c e n t r a t i o n  

( s t a g e s  1-5), t h e  d i f f e r e n c e s  become l a r g e .  Observa t ion  of t h e  c o n t a c t o r  

i n d i c a t e d  t h a t  much of  t h i s  d i f f e r e n c e  could be due t o  en t r a inmen t .  

However, t h e  d i sc repancy  between t h e  exper imenta 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  could  a l s o  be a t t r i b u t e d  t o  u n c e r t a i n t i e s  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 .  The conce f i t r a t ion  of uranium i n  s t a g e  1 6  i s  

determined by a m a s s  ba l ance  around t h e  e n t i r e  system. The c o n c e n t r a t i o n  

i n  s t a g e  15 i s  r e l a t i v e l y  c e r t a i n  because i t  i s  o n l y  one s t a g e  away from 

s t a g e  16 .  However, t h e  c o n c e n t r a t i o n  i n  s t a g e  1 i s  in f luenced  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  t h e  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 t s  has  a degree  of u n c e r t a i n t y ,  so 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  

i n  s t a g e  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 c o n c e n t r a t i o n s  i n  t h e  s c r u b  s e c t i o n  ( s t a g e s  17-24) a re  determined 

p r i m a r i l y  by a mass ba lance  around t h e  e n t i r e  system. This  is  because 

t h e  same amount of  uranium must l e a v e  s t a g e  17 i n  t h e  o r g a n i c  phase  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  c o n d i t i o n s  used. 

The c o n c e n t r a t i o n  p r o f i l e  i n  t h e  s c r u b  s e c t i o n  a l s o  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  expe r imen ta 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  i n  t h e  s c r u b  s e c t i o n  are s o  c l o s e .  

P- 

I . -  .. 
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Fig. 4. A comparison of the uranium response curve data points 
with the curve calculated by SEPHIS-MOD4. 
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ORNL DWG. 78-5095 

Fig .  6. A comparison of t h e  exper imenta l  uranium c o n c e n t r a t i o n  
p r o f i l e  i n  t h e  aqueous phase w i t h  t h e  p r o f i l e  c a l c u l a t e d  by SEPHIS-MOD4. 
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Fig. 7. A comparison of the experimental uranium concentration 
profile in.the organic phase with the profile calculated by SEPHIS-MOD4. 
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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 incomplete  mixing. 

There i s  a v e r y  s m a l l  d i f f e r e n c e  between t h e  exper imenta l  o rgan ic  

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  va lue .  T h i s  i s  due t o  t h e  o v e r a l l  mass 

ba lance  f o r  t h e  same reason  as i n  t h e  sc rub  s e c t i o n .  However, t h e  

exper imenta l  aqueous c o n c e n t r a t i o n  is  much h ighe r  t han  t h e  p r e d i c t e d  
3 v a l u e .  Th i s  i s  due t o  incomple te  mixing of t h e  300-kg U/m 

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  a r e  n o t  

s imula ted  by t h e  program. 

feed  

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 imilar  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  en t r a inmen 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  . 
SEPHIS-MOD4 is  in t ended  t o  p r e d i c t  bo th  t r a n s i e n t  and s t e a d y - s t a t e  

c o n c e n t r a t i o n s  i n  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 .  Experimental  t r a n s i e n t  

r e s u l t s  demonst ra te  t h e  a b i l i t y  of t h e  program t o  p r e d i c t  t h e  t iming  of 

waves of s o l u t e s  pas s ing  through t h e  c o n t a c t o r .  S t eady- 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  are  s a t i s f a c t o r i l y  s imula ted  

by t h e  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-MOD4. 

With t h i s  i n fo rma t ion ,  t h e  u s e r  should be a b l e  t o  judge  

5. INPUT CARDS FOR SEPHIS-MOD4 

Any 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  de f ined  by a t i t l e ,  t h e  number of 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,  and any s p e c i a l  p i p i n g .  

i n t o  one o r  more t i m e  p e r i o d s .  

feed-stream f low 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 e  i n i t i a l  

p r o f i l e ,  and t h e  product-s t ream f low rates .  The t i m e  increment ,  t h e  

time 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 be 

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

fo l lows  : 

The case i s  subdivided 

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 t h e  

The i n p u t  deck i s  as  

. .  .._ 
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Card No. Card columns 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  nex t  case 

1 FORMAT (212, 2F8.0, 412) 

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 = number of s t a g e s  (up t o  100). 

CTBP = volume f r a c t i o n  of TBP i n  t h e  

o r g a n i c  phase.  

TEMPI = i n i t i a l  and d e f a u l t  t empera ture .  

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 ISTR and JSTR. 

= 0 o the rwise .  

ISTR = s t a g e  number. 

JSTR = 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 rgan ic  

stream from s t a g e  ISTR i s  f ed  t o  s t a g e  JSTR.  

IRXN = i n d i c a t i o n  of  r e a c t i o n  ra te  equa t ion  

be ing  used.  

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

= 1 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  of Pu(1V). 

= 2 f o r  r e d u c t i o n  of Pu(IV) by U(IV). 

= 3 f o r  r e d u c t i o n  of  Pu(1V) 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  t i t l e  c a r d s  have been r e a d ,  t h e  new case is 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  se t  t o  ze ro .  

Card No. Card columns V a r i a b l e  d e s c r i p t i o n  

3 FORMAT (4F8.0, 712) 

1-8 DTHETA = t i m e  increment  (min).  

9-16 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  p r o f i l e .  
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L 

25-32 

34 

36 

. 
. .  .. 

38 

40 

4 2  

Card No. Card columns V a r i a b l e  d e s c r i p t i o n  

17-24  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 ca rd  No. 3 w i l l  be r ead  t o  

start  a new t i m e  pe r iod  o r  case. 

TOL = t o l e r a n c e  (pe rcen t  p e r  minute) .  

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

a new c a r d  No. 3 w i l l  be  r ead  t o  s t a r t  a 

new t i m e  pe r iod  o r  case. 

NEWIN = 1, i f  new feed  streams are t o  be 

s p e c i f i e d  . 
= 0 ,  i f  t h e  p r e s e n t  f eed  streams are 

t o  be  cont inued .  

NEWOUT = 1, i f  new product  s t reams are  t o  

be s p e c i f i e d .  

= 0,  i f  t h e  p r e s e n t  product  streams 

are t o  be  cont inued .  

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

g iven .  

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

be  cont inued .  

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

by phase.  

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

as a t o t a l  volume, w i t h  t h e  phase s p l i t  

acco rd ing  t o  the f l o w  r a t i o .  

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

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  set 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. 

IPRO = 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  be cont 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  

r ead  i n .  
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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  

44 

46 

4 

1-2 

4 

5-12 

13-20 

21-28 

2 9-3 6 

37-44 

45-52 

53-60 

61-68 

70 

5 

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

i s  t o  be  used. 

= 1, i f  t h e  f a s t e r ,  bu t  less a c c u r a t e ,  

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

IPNCH = 0, i f  c a r d s  are 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 (212, 8F8.0, 12)  

Feed stream c a r d s  which w i l l  be  read o n l y  

i f  NEWIN = 1. 

I = s t a g e  number where t h i s  f eed  w i l l  

e n t e r .  

JHAS = 0 f o r  o r g a n i c  f eed  streams. 

= 1 f o r  aqueous feed  streams. 

FDRT = f low ra te  ( l i t e r s / m i n ) .  

CON1 = 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 i t e r ) .  

CON3 = plutonium(1V) c o n c e n t r a t i o n  

( g / l i t e r ) .  

C O N 4  = plutonium(II1) concentration 

( g / l i t e r )  . 
CON5 = plutonium 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 t e  i o n  

c o n c e n t r a t i o n  (M) - . 
TEMP = f eed  t empera tu re  ("C). I f  TEMP = 

0.0, t h e  d e f a u l t  t empera tu re  (TEMPI) i s  

used.  

INDEX = 0 ,  i f  t h i s  i s  t h e  l a s t  feed-  

stream c a r d .  

= 1, i f  more feed-stream c a r d s  fo l low.  

FORMAT (212, F8.0, 1 2 ) .  

Product  stream c a r d s  which w i l l  b e  read  

on ly  i f  NEWOUT = 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  

4 

5-12 

14 

6 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

7 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

I = s t a g e  number where t h e  stream w i l l  

l e ave .  

JHAS = 0 f o r  a n  o rgan ic  product  stream. 
= 1 f o r  a n  aqueous product  stream. 

I f  OTRT = f low rate of product  stream. 

OTRT is l a r g e r  t han  t h e  a p p r o p r i a t e  f low 

through s t a g e  I, t h e  e x i t i n g  ra te  w i l l  be  

se t  s o  t h a t  t h e  e n t i r e  phase,  but no more, 

i s  removed. 

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

fo l low.  

= 1, i f  more product-s t ream c a r d s  fo l low.  
FORMAT (7F10.0) 

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

on ly  i f  IPRO = 1. An aqueous card  No. 6 

fol 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  every  s t a g e .  

C O N l  = 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 i t e r ) .  

CON3 = plutonium(1V) concen t r a t ion  ( g / l i t e r ) .  

CON4 = plu tonium(II1)  c o n c e n t r a t i o n  ( g / l i t e r ) .  

CON5 = plutonium r e d u c t a n t  c o n c e n t r a t i o n  (g). 
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  (E). 
TPROF = s t a g e  tempera ture  ("C). 

FORMAT (7F10.0) 

Organic p r o f i l e  ca rd .  

C O N l  = n i t r i c  a c i d  c o n c e n t r a t i o n  ( M ) .  - 
CON2 = uranium c o n c e n t r a t i o n  ( g / l i t e r ) .  

CON3 = plutonium(1V) c o n c e n t r a t i o n  ( g / l i t e r ) .  

CON4 = plu tonium(II1)  c o n c e n t r a t i o n  ( M ) .  - 
CON5 = plutonium reduc tan 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 t e  c o n c e n t r a t i o n  (E). 



-3 0- 

Card No. Card column Var i ab le  d e s c r i p t i o n  

61-70 

8 

2 

3-4 

5-12 

13-20 

22 

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  

should no t  pu t  any th ing  i n  t h i 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  pu t  h e r e  t o  s i g n i f y  t h a t  

t h e  phases  are  i n  approximate chemical  

equ i l ib r ium.  

FORMAT (212, 2F8.0, 1 2 ) .  

Volumes f o r  mixers and sett lers.  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. 

ISEC = 1 f o r  mixer volumes. 

= 2 f o r  se t t le r  volumes. 

I = s t a g e  number. 

VOLA 

I f  IVOLM = 1 and ISEC = 1, o r  i f  IVOLS = 1 

and ISEC = 2 ,  VOLA = aqueous volume. However, 

i f  IVOLM = 2 and ISEC = 1, o r  i f  IVOLS = 2 

and ISEC = 2, VOLA = t o t a l  volume. 

VOLO = o r g a n i c  volume i f  IVOLM = 1 and 

ISEC = 1, o r  IVOLS = 1 and ISEC = 2. 

I N D X  = 0 f o r  t h e  l a s t  volume ca rd .  

= 1, i f  more volume c a r d s  fo l low.  

A f t e r  t h e  las t  volume c a r d  h a s  been r ead  i n ,  t h e  program beg ins  

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 t h e  e l apsed  t i m e  is  e q u a l  t o  TSTOP o r  

t h e  t o l e r a n c e  i s  m e t ,  a new ca rd  No. 3 is  read .  I f  t h i s  ca rd  i s  merely 

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

c a l c u l a t i o n  con t inues  as b e f o r e  but  w i t h  t h e  new v a l u e s .  I f  t h i s  c a r d  

' r e q u e s t s  t h a t  new,feed  streams, product  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  in fo rma t ion  w i l l  be r ead  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  f o r  t h e  new t i m e  p e r i o d .  A t  the .  s tart  of a new t i m e  

p e r i o d ,  t h e  e l apsed  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  are t o  be  done on a new case, t h e  ca rd  

No. 3 must have DTHETA = 0.0 and DPRINT = 1 .0 .  When such  a card i s  used,  

t h e  new case i s  begun, and a ca rd  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 DTHETA = 0.0 and DPRINT = 0.0 o r  j u s t  a b l ank  c a r d .  

t h e  execu t ion  of  t h e  program. 

T h i s  w i l l  s t o p  

6.  CHOOSING CONDITIONS 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  convent ions  are  used  t o  a r r a n g e  t h e  s t a g e s  and streams f o r  t h e  

program. For s t e a d y - s t a t e  cases, o n l y  t h e  feed-stream f low rates and 

c o n c e n t r a t i o n s  a re  impor tan t  i n  de te rmining  t h e  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 .  

The remaining v a r i a b l e s ,  however, are  s t i l l  impor tan t  t o  t h e  program 

and should  b e  chosen c o r r e c t l y .  Cases invo lv ing  t r a n s i e n t  p e r i o d s  tend  

t o  be  more complex, bu t  expe r i ence  w i t h  t h e  program i s  h e l p f u l  i n  choosing 

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

The s t a g e s  i n  a c o n t a c t o r  are ar ranged  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 low 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  i s  al 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  through 

t h e  use  of  NSTR, I S T R ,  and JSTR on c a r d  No. 1. T h i s  arrangement of t h e  

s t a g e s  a l lows  many combinat ions o f  c o n t a c t o r s  t o  be  s imula t ed .  Simple 

examples of t h i s  are g iven  i n  t h e  n e x t  s e c t i o n .  

6..1 S teady-Sta te  Cases 

S teady- 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 low s h e e t  t e s t i n g  

and depend mainly on t h e  number of  s t a g e s  and t h e  i n p u t  streams. Since  o n l y  

t h e  f i n a l  r e s u l t s  are impor t an 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 of i n t e g r a t i o n )  may be 

n e g l e c 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  are, 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  procedure  is  smoother,  f a s t e r ,  and easier.  

These v a r i a b l e s  have o n l y  a small impact on t h e  c a l c u l a t e d  
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Assuming t h a t  t h e  s t a g e  arrangement and f low rates  have been determined,  

t h e  f irst  v a r i a b l e  t o  be  set on ca rd  No. 3 i s  DTHETA. T h i s  i s  t h e  t i m e  

increment .  DTHETA should 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 de f ined  by: 

volume 
T =  f low rate through 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  t o  l e t  DTHETA equa l  

t h e  r e s i d e n c e  t i m e  f 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 .  Larger  

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 .  

DPRINT and TSTOP are  t h e  nex t  v a l u e s  t o  be  determined.  TSTOP sets 

t h e  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  i f  t h e  t o l e r a n c e  h a s  n o t  been m e t .  

S ince  s t e a d y - s t a t e  v a l u e s  are  d e s i r e d ,  TSTOP should be set  t o  a h igh  v a l u e  

(such as 1000.0) s o , t h a t  t h e  c a l c u l a t i o n s  w i l l  most l i k e l y  be  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 .  DPRINT de te rmines  t h e  t i m e  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  of 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 teady-  

s t a t e  v a l u e s  are  t o  be  p r i n t e d ,  DPRINT can  be  set  e q u a l  t o  TSTOP. A smaller 

v a l u e  f o r  DPRINT can  be  used t o  check t h e  p r o g r e s s  toward s t e a d y  s t a t e .  

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 .  

When t h e  i n v e n t o r i e s  of a l l  t h e  s o 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  TOL (pe rcen t  p e r  minu te ) ,  a s t e a d y  s t a t e  i s  dec la red  and 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  should be  chosen f o r  TOL; a v a l u e  of 

0 .01  is  u s u a l l y  s u f f i c i e n t  . 
IVOLM and IVOLS i n d i c a t e  how t h e  volumes w i l l  be  de te 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  set  IVOLM and IVOLS 

e q u a l  t o  3 s o  t h a t  no volume c a r d s  need t o  b e  punched. 

IPRO can  be set as d e s i r e d  s i n c e  t h e  i n i t i a l  p r o f i l e  has  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 e  i f  t h e  i n i t i a l  p r o f i l e  i s  read  from 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  l e s s )  

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

It i s  r e l a t i v e l y  s imple  t o  se lec 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  

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

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

cases are more complex s i n c e  more v a r i a b l e s  are impor t an t .  The i n i t i a l  
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s t a te  of t h e  c o n t a c t o r  should be  s p e c i f i e d  more c l o s e l y ;  l i k e w i s e ,  

t h e  s t a g e  volumes and t h e  cho ice  of DTHETA are more impor tan t .  

The i n i t i a l  s t a t e  of t h e  c o n t a c t o r  i s  important  s imply because 

i t  i s  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 o n c e n t r a t i o n  

p r o f i l e  should be g iven ;  o the rwise ,  t h e  program w i l l  assume t h a t  t h e  

c o n t a c t o r  c o n t a i n s  on ly  water and t h e  s o l v e n t .  The i n i t i a l  s ta te  

can  be s p e c i f i e d  by a s e t  of p r o f i l e  c a r d s  ( ca rds  6 and 7)  o r  by t h e  

r e s u l t s  of a preceding  c a l c u l a t i o n .  

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

which g i v e s  a n  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  c o n t a c t o r  i n  ques t ion .  

The volumes are  c r u c i a l  i n  de te rmining  t h e  t i m e  l a g  a s s o c i a t e d  w i t h  t h e  

changes and rates of changes i n  c o n c e n t r a t i o n .  Thus, good p r e d i c t i o n s  

of t r a n s i e n t  p e r i o d s  r e q u i r e  r easonab ly  good v a l u e s  f o r  t h e  volumes i n  a 

c o n t a c t o r .  

DTHETA has  a n  impor tan t  impact on t h e  e r r o r s  a s s o c i a t e d  wi th  t h e  

i n t e g r a t i o n  methods used by SEPHIS-MOD4. The d e s i r e  f o r  small e r r o r s  

must be balanced a g a i n s t  t h e  concomitant requirement  of longer  computing 

times. Table  1 i n d i c a t e s  t h e  e f f e c t  of DTHETA. The r e s u l t s  apply  t o  a 

s imple  p e r f e c t  mixer case .  The a n a l y t i c a l  s o l u t i o n  w a s  found by an  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 t ion  which d e f i n e s  a p e r f e c t  mixer .  

The r e s u l t s  from SEPHIS-MOD4 apply  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  f o l l o w  t h e  a n a l y t i c a l  s o l u t i o n .  For t h e  Runge-Kutta 

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

of t h e  r e s i d e n c e  t i m e  w e r e  i n  good agreement wi th  t h e  a n a l y t i c a l  s o l u t i o n .  

Larger  va lues  f o r  DTHETA show a g radua l  i n c r e a s e  i n  t h e  i n t e g r a t i o n  e r r o r s ;  

t h a t  i s ,  t h e  s i z e  of t h e  e r r o r  i nc reased  as DTHETA inc reased .  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 lower DTHETA 

v a l u e s .  It  should be noted t h a t  t h i s  t a b l e  on ly  i n d i c a 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  equa t ions .  A comparison wi th  a c t u a l  

cond i t ions  i s  g iven  i n  a n  ear l ie r  s e c t i o n .  

t r a n s i e n t  p e r i o d s  w i t h  t h e  Runge-Kutta i n t e g r a t i o n  method, DTHETA should be,  

a t  most,  equa l  t o  one-quarter  of t h e  r e s i d e n c e  t i m e .  Even lower v a l u e s  

are suggested i f  t h e  c o n c e n t r a t i o n s  a re  changing r a p i d l y .  

method should n o t  be used f o r  t r a n s i e n t  p r e d i c t i o n s  u n l e s s  t h e  

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

For a c c u r a t e  p r e d i c t i o n s  of 

The t r a p e z o i d a l  
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Tab le  1. The e f f e c t  of  DTHETA on i n t e g r a t i o n  accu racy  

- 
T i m e  A n a l y t i c a l  Runge-Kutta i n t e g r a t i o n  T r a p e z o i d a l  i n t e g r a t i o n  

s o l u t i o n  DTHETA1-r = DTHETA/T = 
114 112 1 114 11 2 1 

0.0  

0 .25  

0 .5  

0.75 

1 .0  

1 .25  

1 . 5  

1 . 7 5  

2 .0  

2.25 

0.0 

0.2212 

0.3935 

0.5276 

0.6321 

0.7135 

0.7769 

0.8262 

0.8647 

0.8946 

0 . 0  

0.2212 

0.3935 

0.5276 

0.6321 

0.7135 

0.7769 

0.8262 

0.8647 

0.8946 

0.0 0.0 0 .0  0.0 0.0 

0.2222 

0.3932 0 .3951 0.4000 

0.5295 

0.6318 0.6250 0.6340 0.6400 0.6667 

0.7154 

0.7766 0.7786 0.7840 

0.8278 

0.8645 0.8594 0.8661 0.8704 0.8889 

0.8958 

2 . 5  0.9179 0.9179 0.9178 0.9190 0.9222 

2.75 0.9361 0.9361 0.9370 

3.0 0.9502 0.9502 0.9501 0.9473 0.9510 0.9533 0.9630 
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These g e n e r a l i z a t i o n s  concern ing  t h e  ranges  of v a l u e s  f o r  t h e  

v a r i a b l e s  a r e  in tended  t o  i n d i c a t e  some of t he ,ways  t h e  program may be 

run .  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  cho ice  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  should  r e l y  on h i s  expe r i ence  w i t h  

t h e  program t o  de te rmine  which v a l u e s  w i l l  s u i t  h i s  requi rements .  

7 .  EXAMPLES OF SEPHIS-MOD4 CALCULATIONS 

7 .1  Example 1 - A Steady-Sta te  C a l c u l a t i o n  f o r  a Six-Stage 
Contac tor  

Th i s  i s  a s imple  example c a l c u l a t i o n  f o r  a s ix - s t age  uranium-str ipping 

c o n t a c t o r  as shown i n  F ig .  8. Only 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 n  p r o f i l e  w i l l  be  p r i n t e d .  No volume o r  i n i t i a l  

p r o f i l e  c a r d s  a r e  necessa ry ,  s i n c e  t h e y  have a n e g l i g i b l e  impact on 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 ype  of  c a l c u l a t i o n ,  o n l y  t h e  feed  

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

t h a t  are  p r i n t e d  l i s t  a l l  t h e  in fo rma t ion  r e q u i r e d  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 be 

expected i n  t h e  c o n t a c t o r  and i n  t h e  end streams. Th i s  c a l c u l a t i o n  took  

2 .1  sec of execu t ion  t i m e  on  t h e  ORNL I B M  360/91. 

The c a r d s  t h a t  were used t o  produce t h e  fo l lowing  r e s u l t s  a r e :  

2 6 0.3 30.0 0 0 0 0 
EXLRPLE 1 
THIS I S  L SIMPLE TEST OP L SIX STLGE URLRIUI S T R I P P I U C  COLUMU. 
1.0 1000.0 1000.0 0.01 1 0 3 3 0 1 0  

1 1 15:O 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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0.25 M HN03 
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Fig.  8. Example 1, a six-stage uranium-stripping contactor. 



CLLCOLITIOlS ?OR I SOLV1AI EXlRICTIOA PROCESS H I V I W G  I ITERLffIRG SOLOTES 

exrnnPL.1 i 
TRIS I S  I SI f€LE TIS? CF I SIX STIGL O R I B I O I  STRIPPING COLOIA. 

D T E E I  = l.CC0 BIAOTFS PER T I I E  IICREIEIIT 
DPRIET = 1000.000 IIDOTIS ElTUEEII PRIATIRG OP PROFILES 
I I I S ?  i. 1 T P L  11151 11'IFGRITIOA TECRRIQOE WILL BE OSEO 
TRIS TIBE PEFICD 0111 L O O  WRIO fllll! = TSTOP - 1000.000 II lOTES.  OR L TOLERIICE OP TOL = 0.0100 S PER I I U O T E  I S  R E I C R E O  
tionem or ~ ' 1 1 ~ 1 3  = 6 ... . . . 
n w I n  = i n z a  i n p o i  FLOSS SILL BE G I v E n  
RFSOOT i. 0 CUTTOT STSELRS WILL B L  O l C E L 1 G E D  
I V C L l  = 3 I I I X L R  10LOIES DETERHIAED Bl PHLSE PLOW 
IVCLS = 3 C E I ' I L E R  VCIOllS G I V I A  Bl PRISE PLOU 

I F E C R  = 0 I C  FOECRET C I B M  COTPOT 
I F n o  - o m npu I n I i n t  PROPILE SILL ROT BE Remo 
-. . 
ISTR = 0 N O  010SOIL ROO'IIRG PITTERA 
TEIFI = 3.OCOE 0 1  IAITILL 1 DE?IOL? TPIPERI'WRE 
I F X l  = 0 10 RFIClIOlS SILL BE COASIOERED 

PLED G PRCOOC'I s T a G e  DITRIC mcIo o R m n m n  PO (11)  PO (111) REDOCTIAT NITRITE I O A  PLOY RITE r e m  
( G / I )  ( n 0 r . m  ( n o m )  w n  In) (C I 

0.0 1.500E 0 1  2 5 . 0  
smrmn o m m  nc. (aoL/L) (G/L) ( G b )  

30.0 1 TPF 6 2.500E-01 5.000E 01  0.0 0.0 0.0 0.0 1.000E 01  5 5 . 0  
mQueoos i i.500E-01 0 . 0  0 . 0  0.0 0 . 0  

STLGE I I I I E R  V C L O I I  Bl PRISE 1 SETTLER VOLOIE 8 1  PRLSE I R I X E R  PLOU RITE I IATERSTIGE PLOW RITE 
10. 1 LQOIOOS I ORGIHIC I LQOEOOS I O R G I A I C  I IQOEOOS I O R G I A I C  I IQUEOOS I O R G I A I C  

1 1 I I I I I I 
1 1 1.0931 01 I 9.655E 00 I 1.493E 0 1  I 9.655E 00 I 1.093E 0 1  I 9.655E 00 I 1.093E 0 1  I 9.655E O C  
2 I i . a9?e  c i  I 9 . 6 5 5 ~  co I 1 . 0 9 3 ~  01 I 9.655E 00 I 1 .0931  01 I 9 .6551  00 I 1.4931 01  I 9.6553 oc 
3 1 1.1192~ 01 I 9.6551 0 0  I 1 . 4 9 3 ~  01 I 9 .6551 00 I 1.4931 01 I 9 .6551  00 I 1 . 0 9 3 ~  01 I 9 . 6 5 5 ~  00  
0 I 1.093L 0 1  1 9.6551 00 I 1.093E 0 1  I 9.655E 00 I 1.093E 0 1  1 9 .6551  00 I 1.093E 0 1  I 9.655E 00 
5 1 1.45?1 C 1  1 9.6551 00 1 1.493E 0 1  I 9.6551 00 1 1.093E 0 1  1 9 .6551  00 I 1.U93E 0 1  1 9.655E 00 
6 I 1.4931 C 1  4 9.655E 00 1 1.493E 0 1  I 9 .6551  0 0  I 1.493E 0 1  I 9.655E 00 I 1.0931 01 I 9 .6551  00 

I w 
4 

I 



TRINSI11T B E F I V I C R  RPSOITS RIXER C O N C 1 N f R I T I O I  GIVEN 

T I R Y  c . 0  n n n o w s  

nc. I ( r c r / i )  
1 I 0.0 
2 I 0.0  
3 1 0.0 

6 I 0 . 0  

AVOEOOS FAIS1 
S T I C I  I W I T R I C  I C 1 0  

I 

s I ::: 
ORGP11TC FRIS1 

S'IIGL I B I T f i I C  IC11  
no. I i n o L / L )  

1 1 0.0 
2 I 0.0 

I 

f I 0.0  
0 I 0 .0  
5 I 0.0 
t I c . 0  

T I R E  = 191.00 IItIOT1S 
IQOEOOS PFIC1 

S'IIGE 1 N I T F I C  I C I D I  
no. I inoi/t) I 

I I 
1 I 1.5081-01 I 
? I 1.5151-01 1 
L 1 l .SleE-01 I 
4 1 1.5221-01 I 
5 1 1.6171-01 I 
c I ?.cCoe-oi I 

o R G a n I c  r u n 5 1  
s i a G e  I n I T R x c  acxo 
no. 1 ( n o L / L )  

I 
i I 1.0281-02 
2 I 1.1tlE-02 
? 1 1.3011-02 

c I 2.9571-02 

oRmnxon 
W / L )  

0 . 0  
0 .0  
0.0 
0 . 0  
0 . 0  
0 . 0  

uRmnmn 
IG/L) 

0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
P;O 

oRammn 
IG/L) 

1 
1 
I 
I 
1 
I 
I 
1 
I 

1 
I 
I 
I 
1 
I 
I 
1 
1 

I 
I 
I 

1.7101 00 1 
5 . 5 l l E  00  1 
l . 1 6 l E  01 I 
1.9061 01 I 
2.7381 0 1  1 
3.230E 01  1 

3.460E 00 I 
9.39111 00 I 
1.8661 0 1  1 
3.000E 01  1 
0.211E 0 1  I 

PO ( I P )  
l G / L )  

0 . 0  
0 . 0  
0 ; o  
0 . 0  
0 . 0  
0 . 0  

PO ( I V I  
I G F )  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

PO ( I V I  
I G / t )  

0 . 0  
0 . 0  
0 .0 
0 . 0  
0 . 0  
0 . 0  

PO 1 I V I  
IG/LI  

0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  

I PO ( 1 1 1 )  1 REDOCTINT 1 U I F l I T E  IOml 
I W L )  I inoL/Li I ( n o i n )  I 
I I I 1 
I 0 . 0  1 0 . 0  I 0 . 0  I 
I 0 . 0  1 0 . 0  I 0 . 0  I 
I 0 . 0  I 0 . 0  I 0 . 0  I 
I 0 . 0  1 0 . 0  I 0 . 0  I 
I 0 . 0  I 0 . 0  1 0 . 0  I 
I 0 . 0  I 0 . 0  I 0 . 0  I 

I 
I 
I 
I 
1 
I 
I 
I 

I 
I 
I 
1 
1 
I 
1 
I 
I 

I O  E X I R I C T I O R I  P O  EXTRACT 
FACTOR I F I C T C R  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

P O  ( 1 1 1 )  
I G / L )  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

I 
I 0 . 0  
I 0 . 0  
1 0 : o  
I 0 . 0  
1 0 . 0  
I 0 . 0  

I REDOCTAR? 
I i n o L / i i  
I 
1 0 . 0  
1 0 . 0  
I 0 . 0  
I 0 . 0  
1 0 . 0  
1 0 . 0  

N O 3  E X T R I C T I  
FACTOR 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

I UITRATE Ion1  
I IROL/L)  I 
1 I 
I 0 . 0  I 
I 0 . 0  I 
1 0 . 0  1 
I 0 . 0  1 
I 0 . 0  I 
I 0 . 0  1 

I O  E X I R I C T I O R I  PO EXTRACT ( H N O 3  E X T R I C T I  
I P I C T C R  I PIC ' ICR I P I C T O R  1 
I I I I 

I o . n 2 6 ~ - 0 2  1 i 3.152E-01 i 0 . 0  
I 4.91U1-02 I I 4.0321-01 I 0.0 

I 5.253E-01 1 0.0 I 5.565E-02 I 
1 6.363E-01 I 0 . 0  1 5.915E-02 1 
1 7 .  1391-01 1 0 . 0  1 6.0151-02 1 
I 8.5921-01 I 0.0 1 6.311E-02 1 

9.971E-01 I 1.493E 01 
9.971E-01 I 1.493E 0 1  
9.971E-01 I 1.493E 01  
9.9711-01 I l .493E 0 1  

D E N S I T T  I PLOU RATE 

1 
8.171E-01 I 9.7381 0 0  
8.171E-01 I 9 . 1 3 8 E  0 0  
8.171E-01 I 9.7381 00 
0.171E-01 1 9.138E 00 
8.171E-01 I 9.7381 00 

W R L )  I w n I I o  

a . i 7 i ~ - o i  I 9.1381 0 0  

ERPERLTOBE 
: C E I T I G R I D E )  

3.000E 01 
3 . 0 0 0 E  01 
3.000E 01 
3.0001 01 
3.000E 0 1  
3 . 0 0 0 E  01 

INVENTORT 
C H I N G E  1%) 

2.000E 02  
2.000E 02  
2.000E 02 
2.000E 02  
2.000E 02 
2.000E 02  

D E R S I T T  I R I X E R  PLOW I T E R P E R I T O R E  

I 1 
1.OOOE 00 I 1.50lE 01  1 2.500E 01  
1 . 0 1 0 1  00 I 1.503E 0 1  I 2.5C2E 01  
1 .0181 0 0  I 1.505E 0 1  I 2.501E 01  
1.028E 00 I 1.509E 01  I 2.5331 01 
1.040E 0 0  I 1.513E 0 1  I 2.6U9E 01 
1.052E 00 I 1.5221 0 1  I 3.168E 01  

IG/RLI I ( L / I I N l  I ( C E N T I G R A D E )  

O F I S  I T 1  
(G/RL) 

8. 18SE-01 
8 . 2 2 l E - 0 1  
8.301E-01 
8.026E-01 
8 . 5 8  1E-0 1 
e.759E-01 

FLMI RITE I INVENTORY 
( L / n I m )  I C H A N G E  (1) 

1 
9 . 7 ~ 6 ~  0 0  I 9.2361-03 

9 . 8 0 7 ~  0 0  1 3.9521-03 

9.755E 0 0  I 8.526F-03 
9.7761 00 I 6.149E-03 

9.846E 00 I 2.166E-03 
9.893E 00 I 1.0701-03 

1 
w 
03 
1 
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7 . 2  Example 2 - Steady-Sta te  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 rocess  

, r- 

1. 

-- 

a .  
I- 

This  i s  a n  example of how a ba tch  e x t r a c t i o n  p rocess  can be s imula ted  

wi th  t h e  SEPHIS program. T h i s  p rocess  i s  r a t h e r  s imple  t o  d e s c r i b e  but  

d i f f i c u l t  t o  imagine as a cont inuous o p e r a t i o n  which SEPHIS can handle .  

One volume of aqueous i s  t o  be con tac t ed  wi th  two p o r t i o n s  of pure  s o l v e n t .  

A phase r a t i o  (o rgan ic  t o  aqueous) of 2 : l  i s  t o  be used i n  each of t h e  

two c o n t a c t s .  

and s t r i p p e d .  

Th i s  phase r a t i o  ( 2 : l )  i s  a l s o  t o  be used i n  t h e  s t r i p p i n g  ope ra t ions .  

The two r e s u l t i n g  o rgan ic  s o l u t i o n s  are  t o  be combined 

F ive  s t r i p  c o n t a c t s  are t o  be  made wi th  0.4 - M n i t r i c  a c i d .  

The ba tch  o p e r a t i o n  c a n . b e  modeled 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  Fig.  9. The 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 and 7 .  The 

fo l lowing  c a r d s  w e r e  used t o  perform t h e  c a l c u l a t i o n s .  

2 1 0.3 25.0 1 7 5 0 
EXARPLE 3 
THIS I S  A BATCH EXTRACTIOR PROCESS RODELED AS CROSS CORRERT 
1 .0  1000.0 1000.0 0.01 1 1 3 3 1 1 0 
1 1 2.0 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  
2 i 2.0 0 . 0  0 . 0  0 .0  0 . 0  0 .0  0 . 0  

1 2.0 0.0 0.0 0.0 0.0  0.0 0.0 
1 2.0 0.0 0.0 0.0 0.0  0.0 0.0 
1 2.0 0.4 0.0 0.0 0 . 0  0.0 0.0 
1 1 .0  2.0 300.0 3.0 0.0 0.0 0.0 
0 2.0 0.0 0.0 0.0 0 . 0  0.0 0 - 0  

1 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 
0 1 3 . 0  1 

CONTACTS. 

25.0 1 
25.0 1 
25.0 1 
25.0 1 
25.0 1 
25.0 1 
25.0 1 
25.0 0 

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  
0.0 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 
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 . 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 25.0 
0.0  
0.0  25.0 
0.0 
0.0 25.0 
0.0 

The c r o s s c u r r e n t  p rocess  h a s  many more i n p u t  and e x i t  streams; hence, more 

c a r d s  a r e  r e q u i r e d  t o  d e s c r i b e  t h e  process .  An i n i t i a l  p r o f i l e  is  a l s o  

used i n  t h i s  example. I n  some c a l c u l a t i o n s ,  t h e - u s e  of  t h i s  p r o f i l e  

speeds  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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a I 
DEPLETED 
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EXTRACT PURE 
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SECOND I PURE 
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Fig .  9. Example 2 ,  a ba t ch  o p e r a t i o n  s imula ted  by c r o s s c u r r e n t  
c o n t a c t s .  
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I .  
Y r 

e x a n p i e  2 
T F I S  I S  L BL'ICA EI'IRLCTIOR PROCESS ROOELEO A S  CROSS CORRENT CORTLCTS. 

O T A F I  = 1.COC IIINOTLS PER T I R E  IICRPIIERT 
OPRINT = 1000.000 11110715 BETWEER PRIRTIRG OP PROPnES 
IFLST 1 TPE ?LST I R ' I E G R L ~ I O R  TECHNIQUE MILL BE OSEO 
THIS TIME FERICO M I X 1  E l l 0  W A r R  TIRE = TSTOP 1000.000 IIIAOTES, OR L TOLERLKE OP TOL = 0.0100 S PER IIIAOTE I S  R E L C A E O  
R O R e t R  OF S ' I L G E S  = 7 
t t w n  - 1 nEn IRPOT PLose WILL BE GIVER 
R E U O O T  = 1 res COTFOT iiows WILL 81 Given 
IVOLR 3 M I X E R  POLORES OETERIIIREO BY PHLSE PLOW 
IVCLS 3 SETTLER V C l O R L S  G I V E R  BY P A I S E  FLOW 
I F R O  = 1 I R 1 W  Il iITILL PROFILE WILL BE REhO 

JSTR 1 R O O T I R G  PLT'IERR O l H E R  TALR R O R R L I  
ORGLCIC STRELR E I I T I t i G  LT S T L G E  7 PeEOS STIGE 5 
? ? # P I  = 2.5CCL 0 1  I R I ' I I I L  6 OEPLOLT TERPEPLTORE 

IPRCA = o rc Foncnec C L R C  COTPOT 

I R X U  = o mc IFLCTICUS WILL er  ConsIoFREn 

F E l C  G PROCOCT STAGE 
STRPIR OLTL no. 

ncoecos 1 
aooeoos 2 
iQoeoos 3 
Lcoecos a 
L&JLOOS 5 
LQOLOOS 6 

30.0 1 ' IFF 6 
30.0 1 TBP 7 

nooeoos i 

nmR1c acIo o R L n I u n  PO (IV) P O  1111) REDOCTIAT NITRATE I O N  PLOW RITE TERP 
i n o w )  V / L )  W L )  IG/L) i n o L m  ( R o w )  ( t / a I m  ( C) 

0.000F-01 0.0 0 . 0  0.0 0.0 0.0 2.000E 00 25.0 
a. OOOE-o i 0 .  o 0.0 0.0 0.0 0.0 2.000E 00 25.0 

25.0 ll.00OE-01 0.0 0.0 0.0 0 . 0  2.000E 00 
a.oooe-o i 0 .  o 0.0 0.0 0.0 
0.000E-0 1 0.0 0.0 0.0 0.0 
2;000E 00 3.000E 02 3 . 0 0 0 E  00 0.0 0.0 
0 .0  0 .0  0 . 0  0 . 0  0 .0  
0 .0  0.0 0 . 0  0 . 0  0.0 
PYOODC'I S'IRELII RFROVEO (PLOW RLTE I N  R O L I L  UNITSI 
FRCOOCT STRElR B E R O V E D  k L 0 W  RLTE I N  MOLAL ONITSi 
FRODOCT STRELR R E R O V E D  (FLOU RLTE I N  R O L I L  UNITS) 
PROOOCl S'IRELR R E R O V E D  (PLCW RLTE I N  I O L L L  ONITS) 
PRCCOCT STRELI R E R O V E O  (PLOW RITE I R  ROLIL ONITS) 

STAG? I n x t R  votonc B Y  PHASE 
110. I LQOLOOS I ORGLRIC 

I I 
1 I 1.915E 00 I 3.966E 00 

6 I e . 9 5 3 ~ ~ 1  I 1 . 9 ~ 3 ~  00 
7 I 8.053E-01 I 1.983E 00 

0 . 0  
0.0 
0.0 
0.0 
0 . 0  
0 .0  

SETTLER VOLORE B Y  PHASE I I I I I E R  PLOW RLTE 
LQOEOOS I O R G L R I C  I IOOEOUS I O R G A N I C  

I I 1 
1 . 9 7 5 ~  00  I 3.9661 00 I 1 . 9 7 5 ~  00  I 3.9661 00 
1 3 9 7 5 ~  00 I 3 . 9 6 6 ~  00 I 1 . 9 7 5 ~  00 I 3 . 9 6 6 ~  00 
1 . 9 1 5 ~  00 I 3 . 9 6 6 ~  00 I 1.9151 00 I 1 . 9 6 6 ~  00 

1 3 9 7 5 ~  00 I 3 . 9 6 6 ~  00 1 1 . 9 7 5 ~  00  1 3 . 9 6 6 ~  00 
1.9751 00 I 3.966E 00 1 1.9151 00 I 3.966E 00 

8.453E-01 I 1 . 9 8 3 1  00 1 A.453E-01 I 1.9831 00 
8.0531-01 1 1.983E 00 I 8.U53E-01 I 1.983E 00 

2.000E 00 25.0 
2.000E 00 25.0 

25.0 1 ; O O O E  00 
2.000E 00 25.0 
2.000E 00 25.0 
3.000E 00 
3.000E 00 
3.000E 00 
3.000E 00 
3.000E 00 

IRTERSTAGE PLOW RITE 
AQOEOOS 1 O R G A N I C  

I 
0 . 0  I 3.9661 00 
0 -  0 I 3.966E 0 0  .. . . . . . . . - . . 
0.0 I 3.9661 00 
0 ;  0 1 3.966E 00 
0 . 0  I 3.966E 00 
8.453E-01 I 1 . 9 8 3 1  00 
8.0531-01 1 1.983E 00 
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The r e s u l t s  of t h e  c a l c u l a t i o n s  i n d i c a t e  t h e  c o n c e n t r a t i o n s  which 

may be expected i n  a l l  t h e  b a t c h  c o n t a c t s .  

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 rocess  i s  

accep tab le  as  a model of t h e  ba t ch  p rocess  (as expec ted ) .  Thus, t h e  

SEPHIS program may be  used f o r  many p rocesses  o t h e r  than  cont inuous 

coun te rcu r ren 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  only 0.6 sec of 

computing t i m e  on t h e  ORNL I B M  360/91. 

A s imple  mass ba lance  around 

7.3 Example 3 - Trans ien t  C a l c u l a t i o n  f o r  Two P u l s e  Columns 

Trans i en t  c a l c u l a t i o n s  u s u a l l y  r e q u i r e  more in fo rma t ion  i f  a good 

p r e d i c t i o n  is  t o  be  made. I n  t h i s  case, two p u l s e  columns are modeled 

as shown i n  F ig .  10.  It should be noted t h a t  SEPHIS-MOD4 is  t a i l o r e d  

t o  s imula t e  t h e  a c t i o n s  of  mixer-settlers r a t h e r  than  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 l  s t a g e .  However, 

columns a r e  commonly c h a r a c t e r i z e d  by t h e i r  HETS (he igh t  equ iva len 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 l s o  be 

s imulated 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 rude ,  bu t  i t  

should s t i l l  provide  a u s e f u l  r e p r e s e n t a t i o n  of 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 ince  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  must be s p e c i f i e d .  These 

volumes a r e  c r u c i a l  i n  de te rmining  t h e  t i m e  d e l a y s  a s s o c i a t e d  wi th  t h e  

columns. I n  t h e  i n t e r i o r , s e c t i o n  of t h e  columns, t h e  s t a g e  volume i s  

determined by t h e  HETS. The s p l i t  by phases  i s  equa l  t o  t h e  f low 

r a t i o ,  and t h e  s p l i t  between t h e  mixers  and set t lers  is  a r b i t r a r y .  

A t  t h e  ends of each column 

p ip ing .  These volumes are  

Thus, t h e  volumes f o r  

s t age  volume = HETS x 

are phase d isengaging  s e c t i o n s  and a d d i t i o n a l  

simply 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 r o s s  s e c t i o n  
,7 

= 1 0  cm x T x (4 .5  cm)' = 0.64 l i t e r .  

aqueous volumes = [ A / ( A  + O)] x s t a g e  volume = 0.14. 

aqueous mixer volume = 0.25 x aqueous volume = 0.036 l i t e r .  

aqueous set t ler  volume = 0.11 l i t e r .  

S i m i l a r l y ,  f o r  t h e  o r g a n i c  phase ,  
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ORNL DWG 78-4912R 

DEPLETED 
ORGANIC 

I N  
1 I 

4 
AQUEOUS 
PRODUCT 

100 cm 

COLUMN A. 
1. D. = 9 cm 
HETS =IO cm 

* /I50 ml /min  \ 

7 

8 

- 

9 

- 
IO 

-AQUEOUS 300 g1.R U 
FEED [3.0 g / P  PU ) 

3.0 M HN03 

COLUMN B 
I. D. = 12 cm 
HETS: 20 cm 

r 
DEPLETED 
AQUEOUS 

Fig .  10.  Example 3 ,  a n  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. . . '  -. 
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o rgan ic  mixer volume = 0.12 l i t e r ,  

o rgan ic  se t t ler  volume = 0 . 3 8  l i t e r .  

For s t a g e  1, t h e r e  i s  an  a d d i t i o n a l  0.2 l i t e r  i n  t h e  o rgan ic  se t t le r ,  

and i n  s t a g e  5 t h e  0.2 l i t e r  i s  added 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 isengaging  s e c t i o n s .  

The volumes f o r  column B are determined i n  t h e  same manner: 

aqueous mixer volume = 0.17 l i t e r ,  

aqueous s e t t l e r  volume = 0.51  l i t e r ,  

o rgan ic  mixer volume = 0.40 l i t e r ,  

o rgan ic  s e t t l e r  volume = 1.18  l i t e rs ,  

s t a g e  6 organ ic  s e t t l e r  volume = 1.70  l i t e rs ,  

s t a g e  10  aqueous se t t le r  volume = 0.70 l i t e r .  

The s i t u a t i o n  be ing  s imula ted  is  t h e  complete l o s s  of t h e  small  

r e d u c t a n t  stream f o r  30 min. The inpu t  c a r d s  and r e s u l t s  show how t h e  

problem can be  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  w a s  produced by an  ear l ie r  computer run .  S ince  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 is 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 i m e  i n  t h e  columns. Th i s  h e l p s  t h e  i n t e g r a t i o n  

r o u t i n e  fo l low t h e  changes i n  concen t r a t ion 'more  a c c u r a t e l y .  A f t e r  t h e  

30 min have e l apsed ,  t h e  r e d u c t a n t  stream 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  ano the r  30 min. T h i s  c a l c u l a t i o n  r e q u i r e d  27 sec  on 

t h e  ORNL IBM 360/91. 

1. 

2. 

3. 

4.  
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7 1 0  0.3 40.0 0 0 0 1  
EXAMPLE 3  
TRIS  IS A TRARSIERT CASE FOR TWO COLOIRS. EACH COLUIR BAS FIVE STAGES 
VITR TRE STAGE VOLUllES D E T E R I I R E D  BT THE COLURR DIRERSIORS. AB I R I T I A L  PROFILE 
RAS BEER PREVIOUSLT CALCULATED, A N D  IS USED A S  A STARTING POIUT FOR TRIS 
RUR. TRE SITUATIOR BEING MODELED IS T R E  CORPLETE LOSS OF TRE REDUCTART 
STREAR I R  STLGE 3. AFTER THIRTY I IRUTES WITR A 0  REDUCTART, THE STREAM I S  
T U R R E D  OR A N D  THE CORCERTRATIOR FOLOUED FOR AMOTRER TRIRTI  IIRUTES. 
0 . 1 2 5  10 .0  3 0 . 0  0 . 0 1  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 . 1 5  3.0 300 .0  3.0 0 - 0  0.0 0 .0  40.0 1 

1 0  0 0 .35  0.0 0.0 0.0 0.0 0.0 0 . 0  00 .0  0 
5 1 1 0 . 0  0 
2 . 8 3 8 ~  0 0  2 . 7 7 0 3  0 1  0.0  0.0 0.0 0.0 4 . 0 0 0 E  0 1  
2 .006E-01  8 . 7 0 6 1  0 1  0.0 0.0  0.0 0.0 1 .000E  00 
2.746E 00 4.282E 0 1  0.0 0.0  0.0 0.0 4.000E 01 
1 . 6 2 8 E - 0 1  9 . 5 0 0 3  0 1  0.0 0 .0  0.0 0.0 1.000E 00 
2 . 6 4 2 3  00 5 . 5 6 4 1  0 1  0.0 0.0 1 . 7 2 0 3 - 0 2  1 .720E-02  0 .000E 0 1  
1 . 3 8 9 3 - 0 1  9 . 9 1 4 1  0 1  0.0 0.0 0.0 0.0 1.000E 00 
2 .5503  00 7 .190E 0 1  0.0 0 . 0 6 9 E - 0 2  1 . 6 9 7 3 - 0 2  1 .716E-02  0.000E 0 1  
1 .187E-01  1 . 0 2 8 E  0 2  0.0 0.0 0.0 0.0 1.000B 00 
2 . 4 1 3 1  00 1 .000E  0 2  1 .747E-02  4 .081E 00 0.0 1 . 7 0 7 3 - 0 2  0.000E 01 
9 . 0 7 9 E - 0 2  1.073E 02 1 . 2 3 0 1 - 0 2  0.0 0.0 0.0 1 .000E 00 
3 . 0 0 0 ~  0 0  3 . 0 0 1 ~  02  2 . 8 7 3 3  0 0  0 .0  0.0 0.0 U.OOOE 01 
5 . 9 5 8 3 - 0 2  1 . 1 5 1 3  02 1.131E 00 0.0 0.0  0.0 1.000E 00 
L O O U E  00 2.99EE 02  2.737E 0 0  0.0 0.0 0.0 0 . 0 0 0 E  0 1  

1,000E 00 5 .969E-02  1 . 1 5 1 E  02 1 . 0 7 9 E  00 0 - 0  0.0 0.0 
3 .051E  00 2.94ZE 0 2  2 . 5 5 2 3  00 0.0  0 .0  0.0 4.000E 01 
6 . 1 1 1 E - 0 2  1.150E 02  1.023E 00 0.0  0.0 0.0 1.OOOE 00 
3.48UE 00 2 . 2 3 5 3  0 2  1 . 9 0 8 E  0 0  0.0 0.0 0.0 U..OOOE 0 1  
8.0053-02 1.127E 0 2  9 .470E-01  0.0 0.0 0.0 1.000E 00  
3.1UZE 00 2.100E 0 1  2.67S.E-01 0.0 0.0 0.0 0 . 0 0 0 E  0 1  
2 .439E-01 8 . 3 0 6 E  0 1  6 . 7 7 7 3 - 0 1  0.0 0.0 0.0 1.000E 00 
1 1  0 . 0 3 6  0.12 1  
1  6  0 .17  0 .0  1 
2  1 0.11 0.58  1 
2 2 0 .11  0 . 3 8  1 
2 5 0 .31  0 . 3 8  1  
2 6 0 . 5 1  1.70 1  
2 7  0 . 5 1  1 . 1 8  1  
210 0.70 1.1e 0 

1 1 0.1 3 .0  0.0 0.0 0.0 0.0 0.0 90.0 1 
3  1  0 - 0 0 1  0.0 0.0 0.0 0.0 1 .75  1.75 40.0 1 
6  1  0 .15  3.0 300.0 3.0 0.0 0.0 0.0 00 .0  1 

1 0  0 0 . 3 5  0.0 0.0 0.0 0 . 0  0.0 0.0 40.0 0 
5  1 10.0 0 

0.0 0.0 

6.125 1 0 . 0  30.0 0 . 0 1  1 1 0 0 0 0 0  
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CLICOLATIOHS PCR A SCLVlRT EXTRACTIOR PROCESS AAVIAG IRTERACTIRG SOLUTES 

EXLRPLI 3 

WITB TRE STACI VOLORIS DETERRIIED BY TRE COLOllR DIIIENSIOAS- A N  INITIAL PRO€ILE 

R O B .  TRL SIlOATION BEIBG RODELED I S  THE COnPLETE LOSS OF TAE REDUCTANT 

TORIED OR AH[ TAL'CCICEITRLTICN POLWEC POR AROTAER THIRTY RINOTES. 

TAIS I S  L T R i r s I e t m  cnse POR TEO coLunns. FICA COLORN A I S  PIVE STAGES 

AIS B e e s  PuEvIcOs iy  C L L C O L A T E C ,  L U D  IS usen A S  a STARTING POINT POR THIS 

STRIM I n  STLBI 3. L F T L R  TAIRIY nInums EITR nc  REDOCTLRF. T A E  S T R E A ~  IS 

DTEF?A C.125 IIIROIES PER TIllE IACRERENT 
DPRIRT = 10.000 RIROTIS EETSEEN PAIBTIRG OP PROFILES 
I l L S T  = 0 T F L  ROIGE-KOTTA IRTEGRATIOR SILL BE USED 
TRIS TIRE PERICC EILL EED E A I I  TIME TSTOP = 30.000 IIIROTES. OR A TOLERIBCE OF TOL 0.0100 S PER R I R O E  I S  REACHED 
EOmPFR OP STLGIS = 10 . _. . .  
l l IP19 = 1 N E E  IRPOT PLOES EILL BE GIVER 
NEEOOT = i TEE OUTPOT PLWS EILL B E  G w e n  
IVCLII = 1 AQOIOOS A R D  ORGARIC RIXER VOLORES GIVER 
IVCLS = 1 LGOECOS LRC OAGLRIC SRTLER VOLORES GIVER 
IFRO = 1 A R L E  IRITIAL PROPILE EILL BE REID 
IFICR 5 0 KC PORCREf C L R C  COTPOT 
ISTR 0 A 0  OROSOAL ROOTIRG PATTERR 
TEEPI = 4.000E 0 1  IRITIAL G CLQLOLT TERPERATORE 
I R X I  = 1 IRllANlARLOOS REDOCTIOR OP PLOTOHIOII 

FEED G PRODOCT STLGE RITRIC ACID O R A R I O R  PO (IO) PO (111) REDUCTANT NITRATE IOR FLOE RATE TERP 

00.0 

40.0 

s m z n n  D A T L  nc. (ROLIL) ( G/L) (G/L) ( n o w )  ( n o w  ) (L /n Iw (C I 

LCOECOS 6 3.000E 00  3.000E 0 2  3.000E 00 0 . 0  0.0 0.0 1.500E-01 ao.0 
AQueoos 1 3 . ~ 0 0 ~  00 0.0 0 . 0  0.0 0.0 0.0 1.000E-01 

3 . 5 0 0 ~ - 0 1  30.0 'I Tee i o  0.0 0.0 0 . 0 .  0 . 0  0.0 0 . 0  
LQOLOOS 5 PRODOCT STREAH REMOVED (PLOE RATE I N  IIOLAL O N I I S )  1.000E 01 

STAGE 
no. 

1 
2 

n 
.1 

5 
6 
7 
8 
9 

10 

I 
I ?.6COE-C2 
I 3.600~-02 
I ? . ~ o c E - c ~  
1 ?.6001-C2 
I 3;6ooe-o2 
I I ; ~ C C E - C ~  
1 1.700E-C1 
I i . 7 o o ~ - o i  
1 1.7OOE-01 
1 1.7COE-Cl 

I I 
I 1.2ODE-01 1 
I 1.200E-01 1 
I 1.200E-01 I 
I 1.2OOE-01 I 
1 1.200E-01 I 
I 4.OOOE-01 I 
1 4.000E-01 I 
I 4.000E-01 I 
I 4.000E-01 1 
I 4.000E-01 1 

SETTLER VOLOIIE BY PHASE I RIIER PLOE RLTE I INTERSTICE FLOW RATE 
AQUEOUS I onGAnIc I AQUEOUS I ORGANIC I LQOMOS I ORGANIC 

I I 1 I I 
~ . ~ O O E - O I  I 5 . 8 0 0 ~ - 0 1  I 9.0733-02 I 3.4721-01 I 9.0731-02 I 3.9721-01 
1;lOOE-Ol 1 3.800E-01 I 9.0731-02 1 3 . 4 7 2 1 4 1  I 9.073E-02 I 3.4721-01 
1.1001-01 1 3.800E-01 I 9-0731-02 I 3.0728-01 I 9.073E-02 I 3.072E-01 
1.100E-01 1 3.BOOE-01 I 9.073E-02 I 3;472E-01 I 9.0733-02 I 3.4721-01 
3.1001-01 I 3.800E-01 I 9.073E-02 1 3.'4721-01 I 0 . 0  1 3.972E-01 
5.100E-01 I 1 . 7 O O E  00 1 1.2221-01 I 3.472E-01 1 l r222E-01 t 3.4721-01 
5.100E-01 1 1:lBOE 00 I 1.2221-01 I 3.472E-01 I 1.2221-01 I 3.4728-01 
5.100E-01 I 1.180E 00 I 1.2221-01 I 3.4721-01 I 1.222E-01 I 3.U72E-01 
5.100E-01 1 1.18OE 00 I 1.2221-01 1 3.0723-01 I 1.222E-01 I 3.4721-01 
7.OOOE-01 1 1.18OE 0 0  I 1.222E-01 1 3.0721-01 I 1.222E-01 I 3.072E-01 

I 
F. 

I 



TPLPS1EIT BEALVICR RESOITS R I I E R  CORCPRTRATIOU GIVEU 

T i n e  = c.c n n n o w s  
AOOEOOS F R A S F  

STAEP I RITRIC ACID1 WARIOM 1 PO (In I PO (111)  1 REOOCTLAT I N I T R A T E  I O R I  
I1C. 1 ( I C I / t l  I lG/L) I t G / L l  I W/L)  1 (MOL/Ll I (MOL/L) I 

I I I 

DEAS I T 1  
(G/RL) 

1. 190E 00 
1.159E 00 
1.178E 00 
1.200E 0 0  
1.2U€E 00 

1.619E 0 0  
1.619E 0 0  
1.611E 00 
1.504E 0 0  
1 .1433 00 

MIXER FLOS 
(L/nI n i 
1.OOUE-0 1 
1.006E-01 
1.OOlE-01 
1;009E-01 
1 - 0 1  UE-01 
1.01 4E-0 1 
1;SOOE-01 
1 - 500E-01 
1 .U99E-01 
1.484E-01 
1.3 631-0 1 

(TEMP ERA TORE 
I (CENTIGBADE) 
I 
I L O O O E  0 1  
I 4.OOOE 01 
I o.0001 0 1  
I 0.000E 0 1  
I 4.000E 01  
I 
I 4.OOOE 01  
I 0.000E 01  
I U.OO0E 0 1  
I u.0001 01 
I 4.000E 0 1  

1 I I 

I 2.7061 00 I 0.2823 01 I 0.0 
i I 2 . ~ 3 e ~  00  I 2 . 7 7 0 ~  01 I 0.0 

SKOF 0 7  I n.n 

0 .0  I 0.0 I 0 .0  1 
0 .0  I 0 . 0  I 0 . 0  I 
0.0 I 1L720E-02 I 1.120E-02 I 
U.069E-02 1 1.6971-02 1 1-7161-02  I 
4.0811 00 I 0.0 I 1.7071-02 I 

0.0 1 0 . 0  I 0.0 1 
0 .0  I 0 4 0  I 0.0 1 
0.0 1 0:o I 0.0 1 
0 . 0  1 0 . 0  1 0.0 I 
0 . 0  I 0 . 0  I 0 . 0  I 

3 I 3.001E 0 2  I 2.8731 00 
7 1 :-oca1 0 0  I 2 . 9 9 8 ~  02 i 2 - 1 6  00 

9 1 3 . o e 0 ~  0 0  I 2.2351 0 2  I 1 . 9 0 8 ~  00  
8 I 3.0511 00 I t 9 0 2 E  02  I 2.552E 00 

1C I 3.1021 00 1 2.1001 01 1 2.674E-01 

EITRACTIOR 
PACTOR 

PO EITRLCT l tRIO3 EXTlLCTI 
PLCTOR I PACTOB 1 

1 1 
0.0 1 2.613E-01 1 
0.0 1 2.147E-01 1 
0 .0  I 1.902E-01 I 
0.0 I 1.681E-01 1 
1.079E-02 1 1;013E-01 I 
9.5951-01 1 0.84lE-02 1 
9.609E-01 I 0.803E-02 I 
9.115E-01 1 4-8891-02  1 
1.2231 00 I 5.6601-02 1 
6.168E 00 1 2.013E-01 I 

DERjITl 
(G/lL) 

9.  404E-0 1 
9.53lE-01 
9.5891-01 
9.63UE-01 
9.691E-0 1 
9.811E-01 
9.8 10 E-0 1 
9. 8O8E-01 
9 - 7 8  OE- 0 1 
9. 406 E-0 1 

PLOP RlTE I I R V E U T O R Y  
(L/RIR) I CHLMGE 1%) 

3.639E-01 I 2.0003 0 2  
3.6421-01 I 2.000E 0 2  
3.604E-01 I 2.0001 0 2  
3.646E-01 I 2.000E 02 
3.649E-01 I 2.000E 0 2  
3.6561-01 I 2.000E 0 2  
L 6 5 6 E - 0 1  1 2.000E 02  
3.656E-01 I 2.D00E 02  
3.6551-01 1 2.000E 0 2  
3.6POE-01 1 2.000E 0 2  

I 
1 . l O O E  01  

i I 1 . 6 2 e ~ - o i  I 9 . 5 0 0 ~  01 I 0.0 8 . 0 3 5 1  0 0  
3 1 1-389L-01 1 9.914E 0 1  I 0.0 6.4U7E 0 0  
a 1 i . i e i E - o i  1 1.028E 0 2  1 0.0 I 5.164E 00 
E I 5.079E-02 1 1.013E 02 I 1.2301-02 I 3.8601 0 0  
6 1 5.9581-02 1 1 . 1 5 1 E  02  I 1.1313 00 I 9.3081-01 
7 I 5.9691-02 I 1.1511 02 1 1.079E 0 0  I 9.3581-01 

6 1171-02 1 1.1501 02 I 1.023E 00 I 9.5321-01 
8:0051-02 I 1.127E 02  1 9.47OE-01 I 1.2423 0 0  

10 I 2.439E-01 1 8.305E 0 1  I 6.7771-01 I 1.030E 01  1 
f- 
03 

1 TIRF % 1 C . C C  R I N U ' I E S  
LQUEOOS FRLS2 

STLCP 1 RITRIC L C I D l  V R A R I O R  
IC. I (RCI/ l )  I (G/L) 

1 I 
i I 2.e3e t  00 I 2 . 7 5 7 ~  01 
i 1 2.709r 00 I 0.2511 01 
3 1 2.670E 00 1 5.5081 0 1  
0 I 2.!7!E 00 I 7.175E 0 1  

I PO (IO) 
1 W/LI 
I 
1 1.505E-01 
I 3.4933-01 
'I 5.9551-01 
I 9.118E-01 
I 1.0261 00 

1 2.8131 00  
I 2 .7371 00 

I PO (111) 
I (G/Ll 
\ 
I 0 .0  
1 0.0 
1 2: 8811-12 
1 1.089E-01 
I 4.92lE-05  

1 0.0 
1 0 .0  
1 0.0 
I 0.0 
1 0 . 0  

I 
1 
1 
1 
1 
I 
1 
1 

I 
I 
I 
I 
1 

R I T R L T E  I O  
( n o w )  
0.0 
0.0 
1 .2081-10 
0.5571-10 
2.061E-07 

0 . 0  
0 .0  
0 .0 
0 . 0  
0.0 

DENSITY I R I X E R  PLOS ITERPERATORE 
(G/MLl I (L/IIIR) I (CEITIGRAOB) 

I I 1 
0 . 0  I 
0 . 0  1 
0 . 0  I 
0.0 1 
0 .0  1 

0.0 1 
0 . 0  I 
0 . 0  1 
0.0 I 
0.0 1 

1.140E 0 0  I 
1.160E 00 I 
1.177E 00 I 
1.199E 0 0  I 
1.243E 00 I 

I 
1.619E 0 0  I 
1.619E 00 I 
1.611E 00 I 
1.50UE 00 1 
1.1431 0 0  I 

LOOOE-01 I 4.0001 01  
1.OO6E-01 I U.OOOE 0 1  
1.008E-01 1 4 . O O O E  01 
l-OlOE-01 I 4.000E 0 1  
1.016E-01 I 4 . O O O E  01 
1.016E-01 I 
1.500E-01 I 0 . O O O E  01 
1.500E-01 I 4.000E 0 1  
1.499E-01 I 4.OOOE 0 1  
1.0841-01 I u.0001 01  
1.3631-01 I 0.0001 0 1  

. ~ ~ ._ .. , . . - .  
E I 2-035E 00 I 1.026E 02 
5 1 T I C C O C T  STRPIR 
Z I 3.OCOL 00 I 3.001E 0 2  
1 1 I . O C P 1  00 I 2.998E 02 
B i 3 . 0 5 1 ~  00  i 2.9021 02  
s I 3 . a e o ~  00  I ~ 2 3 0 ~  02  

1 C  I 3.1011 00 I 2i140E 01 

1 2.552E 00 
I 1.908E 00 
I 2.674E-01 

OriGaiIc rn 
STAEE 

nc. 
1 

3 
0 

6 
1 

9 
10 

e 

I O  EXTPlCTIOAI PO EXTRLCT 1 HR03 EXTRAC' 
I nmon I PICTOR I F K M R  

OENSITI I FLOW BATE I IRVERTORI 
(G/RL) I (L/MIR) I CHANGE ( % I  

I I 
2.0071-01 1 8.7131 01 
1.6311-01 I 9.009E 01 
1.3991-01 1 9.8071 0 1  
l.lF3E-01 1 1.020E 0 2  
9.0371-02 I l.06SE 02 
5.958P-02 I 1.151E 02  
5.970E-02 I 1.1511 02 
6.1171-02 I 1.1501 02 
R005L-02 I 1.127E 02  
2.039E-01 I 8.306E 0 1  

I I 1 
3.071E-01 I 1.106E 0 1  I 1.205E 00 I 
0.913E-01 1 8.0491 00 I 5.093L 00 I 
6.722E-01 I 6.419E. DO I 0.0831 00 1 
8.3OOE-01 1 5.1311 00 1 3.2885 00 1 
9.6831-01 I 3.7301 0 0  I 2.4391 00 I 
1.131E 00 1 9.348E-01 1 9-5961-01  I 
1.019E 00 I 9.3611-01 1 9.609E-01 1 
11023E 00 1 9.532E-01 I 9.178E-01 I 
9.UlOE-01 I 1.242E 00 I 1.2231 00 1 
6.176E-01 1 1.035E 0 1  I 6.768E 00 I 

2.6 14 E-0 1 
2.148E-01 
1.89OE-0 1 
1.672E-01 
1.391E- 0 1 
4.8 40 E -0 2 
4.804E-02 
4.889E-02 
5.6601-02 
2.013 E -0 1 

9.004 E-0 1 
9. S39E-01 
9.5911-01 
9 .63lE-01  
9.6961-01 
9.81 1 E-01 

3 . 6 3 9 ~ - 0 1  i 2 . 8 7 1 ~  01 
3.643E-01 I 1.63OE 01  
3.645E-01 1 8.6421 00 
3.6UlE-01 I 3.942E 00 
3.6093-01 I 1.331E 00 
3.656E-01 I 1.582E-03 
3-6561-01 I 5.381E-04 
3.6561-01 I 1. 232E-03 
3.6551-01 I 6.649E-04 
3.6UOE-01 I 2. 107E-03 

9.8 11E-0 1 
9.8081-01 
9.7 8 0 E- 0 1 
9.406E-01 



i i 2.7452 00 i 4.251E 01 i 
3 I 2.668r 00 I 5 . 5 1 1 ~  01 I 

2 . 5 7 3 1  00 I 7.2201 0 1  1 
2.4391 00 I 1.031E 02  I 

5 I iECCOCT.STR?IR 
C I 3.0COE 00 I 3.001E 0 2  I 

8 1 3.0511 00 1 2.942E 0 2  I 

1C 1 3.1UlE 00 I 2.103E 01  I 

7 I ?.ocue 00 I 2.9981 02 I 

o I 3.0eue 00 I 2 . 2 3 0 ~  0 2  I 

O R G I N I C  S A L S €  
STICE I I ITRIC IC101 O R I N I Q I  I 

I I I 
nc. I ( n c w i  I WLI I 

1 i ~ . c u ~ E - o ~  i 8.616E 01 i 
i I i .62 ie-01  I 9 . ~ 2 4 ~  01 I 
3 I 1.3931-01 I 9.8361 0 1  I 
0 I 1.1elE-01 1 1.020E 02 I 
5 I 9.4051-02 I 1.066E 0 2  I 
6 1 5.9581-02 I 1. 1 5 1 E  0 2  I 
1 1 C.SlCE-02 I 1.151E 02 I 
8 I 6.1181-02 I 1r 150E 0 2  1 
9 I 8.0061-02 I 1.1271 0 2  1 

1 C  1 2.0?9E-01 I e.305E 01 I 

11NE = ? O . O C  PINOTIS 
A Q O E C O S  r n h s r  

S T I C L  I n m P I c  n c I o i  oRnnIon I 
nc. I ( P C L / I I  I W L I  I 

1 I I 
1 I 2 . e 2 1 ~  00 I 2 . 7 4 9 ~  01 I 
i I 2.1471 0 0  I 0.25% 01 I 
3 I 2.6681 00 I 5.5021 0 1  I . -  

2.5121 00 i 1.230e 01 i 4 2.0391 00 I 1.032E 02 1 
5 I iFCCOCT STRlLll 
C I 3.OCOE 00 I 3.001E 0 2  I 
1 I L O C U E  00 i 2.9981 02 i 
8 i ~ o s r i  00 i 2.94ie oi i 
5 1 3 . a e 5 ~  00 I 2 . 2 3 0 ~  0 2  I 

1 C  I 3.1421 00 I 2.143E 0 1  1 

O R G A N I C  iRI 
STIG1 

nc. 
1 
2 
3 
4 

6 
1 

9 
1 0  

e 

nITRIc  LCIDI o n i n I o n  I 
i n c i m  I W L )  I 

I I 
2.C44E-01 I 8 6763 01  1 
1.6251-01 1 9.425E 01  I 
i .392r-01 I 9 . 8 3 0 ~  0 1  I 
l . lF6E-01 I 1.02OE 0 2  1 
9.3SlE-02 I 1.066E 02 1 
5.9581-02 1 1 .151E  0 2  1 
5.91OE-02 I 1.151E 02  I 
6. l leE-02  I 1.150E 02 I 
8.0061-02 1 1.121E 0 2  1 
2.4393-01 I 8.305E 0 1  1 

PO (IV) 1 PO (111) 
(G/L). I W L )  

I 
~ . U E ~ E - O ~  i 0.0 
5.698E-01 I 0.0 
7.7321-01 I 0.0 
1.021E 00 I 0.0 
1.483E 00 1 2.023E-15 

REDOCTIAT I NITRITE I O N  
(ROL/Ll I (ROLf i )  

1 
0.0 I 0 . 0  
0 . 0  I 0.0 
0 ;  0 1 0 .0  
0.0 , 1 0.0 
0.0 I 8.465E-18 

2.8731 00 I 0.0 I 0 . 0  I 0.0 I 
2.7371 00 I 0.0 I 0 . 0  I 0.0 I 
2.5521 00 1 0.0 I 0.0 1 0.0 I 
1.908E 00 I 0.0 I 0 . 0  I 0.0 1 
2.6131-01 I 0.0 I 0 .0  I 0 .0  I 

P O ( I V l  IQ EXTRICfION( PO EXTRICT 1H1103 EXTRIC' 
PICTOR I PICTOR I PACT03 

6.93lE-01 i 
8.6851-01 I 
7.9921-01 1 

~ . ~ o o E - o ~  i 
1.OC3E 00 1 
1.131E 00 I 
1.019E 00 I 
1.023E 00 I 
9.47OE-01 I 
6.116E-01 I 

PO 11s) I 
IG /L )  I 

1 
3.6221-01 1 
5.845E-01 I 
7.8ugE-01 i 
1.035E 0 0  I 
1.488E 00 I 

2.8731 00 I 
2 . 7 3 7 ~  00 i 
2.552E 00 I 
1.908E 00 I 
2.6131-01 I 

1 I 
1 . 1 4 5 E  0 1  I 7.2021 00 1 2.6lUE-01 
8.021E 0 0  1 5.0791 00 1 2.145E-01 
6.385E 0 0  I 0.062E 00 1 1.889E-01 
5.0991 0 0  I 3.2681 00 1 1.666E-01 
3.111E 0 0  I 2.428E 00 I 1.3871-01 
9.3081-01 I 9.596E-01 I '4.8UOE-02 
9.360E-01 I 9.6091-01 I 4.843E-02 
9.531E-01 I 9.1181-01 I 4.889E-02 
1.243E 00 I 1.223E 00 I 5 . 6 6 1 1 4 2  
1.035E 0 1  I 6.1691 00 I 2.0741-01 

PO (111) 
IG/LI 

0 .0  
0.0 
0.0 
0 .0  
0 .0  

0 .0  
0 .0  
0 .0  
0 . 0  
010 

PO(Iv) I O  EXTRICTIO 
( G / L )  I PACTOR 

I 
1.188E-01 I 1.194E 0 1  
E.185E-01 1 8.014E 00 
8-8011-01  1 6-3731 00 
9.357E-01 I 5.0901 0 0  
1.005C 0 0  I 3.106E 00 
1.131E 00 I 9.3481-01 

1.023E 00 I 9.531E-01 
9.011E-01 1 1.243E 00 
6.7161-01 I 1.035E 0 1  

1.0791 00 I 9.36oe-01 

REOOCTANT 1 NITRATE I O N 1  
(noL/t )  I c a o ~ f i i  I 

I I 
0 . 0  I 0 .0  I 
0 . 0  I 0 .0  I 
0 . 0  I 0 .0  I 
0 . 0  1 0 .0  I 
0.0  I 0.0 I 

0 . 0  I 0 . 0  I ~~ ~ 

0 . 0  i 0;O I 
0 .0  1 0 .0  I 
0.0 I 0.0 I 
0 . 0  I 0 . 0  . I  

PO EXTRACT 
PLCTCR 

7 .1901 00 
5 a 0 1 1 €  00 
0.055E 00 
3.2631 00 
2. 4261 00 
9.596E-01 
9.6091-01 
9.778 I-01 
1.223E 00 
6.110E 00 

IR03 EXTRICTI 
PICTOR I 

I 
2.612E-01 I 
2.143E-01 I 
1.087E-01 1 
1.660E-01 I 
1.3861-01 1 
4.8UOE-02 1 
4 . 8 0 3 1 6 2  1 
4.889E-02 I 
S.661E-02 1 
2.010E-01 1 

DENSITY I R I X E R  PLOW lTElPERITORE 
w / n i i  I (L/nIR) I (CENTIGRADE) 

I 
1 . 1 U O E  00 1 
1.160E 00 I 
1 . 1 1 1 E  00 I 
1.200E 00 I 
1.2UUE 00 I 

1 
1.619E 0 0  I 
1.619E 00 I 
1.611E 00 I 
1.50PE 00 I 
1 . 1 4 3 ~  00 I 

I 
1.00OE-01 I U.000E 01  
l.OO6E-01 I 4.000E 0 1  
1.008E-01 I 4.000E 0 1  
1;OlOE-01 I U . O O O E  01 
1.0168-01 I 4.000E 01  
1.016E-01 I 
1.500E-01 I 4.000E 01 
1.5OOE-01 I U.OOOE 0 1  
1.4991-01 I 4.000E 0 1  
1.484E-01 I 4.000E 01  
1.363E-01 I 4.000E 0 1  

DENSITY I PLOS BITE I INVENTORY 
w n L i  I w n I n i  I C H A N G E  t i )  

I I 
9.4461-01 3.639E-01 I 1.041E 00 
9.5401- 01  3.6431-01 i 7 . 0 9 6 ~ - 0 1  
9.593E-01 
9.63 9E- 0 1 
9.697E-01 
9.8 1 1 E-0 1 
9.81lE-01 
9.80 8 E- 0 1 
9.180 E-0 1 
9.4063-01 

3.6USe-01 i 4.012E-01 
3.6UlE-01 I 1.961E-01 
3.649E-01 I 1.040E-02 
3.6561-01 I 6.15lE-09  
3.656E-01 I 6. 3 1 9 ~ - 0 4  
3.656E-01 I 5.0271-04 
3.6551-01 I 8.35lE-04 
L6UOE-01 I 6.994E-04 

DENSITY I RIXER PLOW 

I 
1. l U O E  00 I 1.00OE-01 
1.160E 00 I 1.006E-01 
1 . 1 l E E  00 I 1.008E-01 
1.200E 00 I 1.010E-01 
1.244E 00 I 1.016E-01 

I 1.016E-01 

w n u  I ( i m n i  

.. .- . 
1.619E 00 i I . ~ O O E - O ~  
1.619E 00 I 1.5OOE-01 
1 .61lE 00 I 1.499E-01 
1.50UE 00 I 1.48UE-01 
1.193E 00 I 113631-01 

OEISITY I PLOW RITE 
( G / I L l  1 (L/ l INI  

I 
9.UU6E-01 I 3.6391-01 
9.5UlE-01 1 3.6031-01 
9.S93E-01 I 3.645E-01 
9.639E-01 I 3.60lE-01 
9.698E-01 1 3.6993-01 
9.811E-01 I 3.656E-01 
9.811E-01 I 3.656E-01 
9.808E-01 I 3.6561-01 
9.18OE-01 I 3.6551-01 
9 . 4 0 6 ~ - 0 1  I 3 . 6 4 0 ~ - 0 1  

?E!lPERITORE 
(CENTIGRIDE) 

4 . O O O E  01 
4.000E 0 1  
4.000E 0 1  
4 - O O O E  C l  
4 . O O O E  01 

4.000E 0 1  
4.000E 0 1  
4.000E 01 

U . O O O E  0 1  
4.000q 0 1  

INVENTORY 
CRINGE 11) 

4.286t -02  6. 12OE-02 

2.1 1.UUiE-02 4 1 E- 0 2 

6 - 9 5 5  E-03 
8.213E-04 
5.138E-00 
0.0 . 
3.691 E-04 
1;995E-04 

Y f 



C L L C t l L I T I O R S  M R  I S O L V E R 1  E X T R I C T I O I (  PROCESS R I V I R G  I R T E R I C T I I G  SOLUTES 

T R I S  -13e P e F i c u  W I I I  en0 w n t n  Tine = TSTOP - 30.000 nIwmes, O R  I T o L e R i n c e  01 T O L  = 0.0100 s PER nInoTe IS REICHEO 
UOREFR O €  5'11615 10 
I l L W I A  - 1 W I W  IWPO'l ?LOWS WILL BE G I V E R  
UFEOOT 1 F t U  CO'IPOT ?lows WILL E E  G I V L I  

I S C l S  0 S L T T L 1 F  V C I O P L S  W I L L  BP ORCALWGEO 

1 P l l C R  0 0 IrC F O l C A L C  ChRC CUTPUT . 
U S T D  0 A 0  OROCOIL ROOTIRG P I T T E R N  
T e C P I  0 . 0 0 0 1  0 1  I N I T I L L  6 O E P I O L T  T E N P E R I T O R E  

T v c i n  - o n i x m  v o L o n c s  W I L L  Be u ) I c n a t i G e u  

IFYO = o I t i l u  I n n n L  P R o P I L e  WILL no7 B E  R F I O  

r u m  = i T n C i L R T i n E o u s  R m o c T I o u  OP P i o t o w I o n  

P e l 0  G P R C D O C I  S T L G L  IITRIC ncro O R L n I o n  P O  ( I V )  REOOCTLRT N I T R I T E  I O N  PLOW RATE T E R P  PO ( 1 1 1 )  
s i F t n n  D A T I  IIC. ( n o t / r )  f G/L) ( G / L )  I G / l )  ( n o w )  ( n o L / L )  i L / n I n )  IC ) 

I Q O L O O S  1 3.0001 00 0.0 0 . 0  0.0 0.0 0.0 1. oooe -o i  uo.0  
LCOECOS 3 0.0 0.0 0.0 0 .0 1.7501 0 0  1 . 7 5 0 ~  0 0  ~ . O O O E - O ~  40.0 
RCOECOS 6 3 . 0 0 0 1  0 0  3 . 0 0 0 E  02 3 . 0 O O E  00 0.0 010 0.0 1.5OOE-01 40.0 

30.C 5 T B P  1 C  C . 0  0.0 0 . 0  0.0 0.0 9.0 3.500E-01 u c . 0  
ncoicos 5 FRODOC' I  s T R m n  R t n o v e o  (?Low R A T E  III n o L a t  OWITS) 1 .oooe 01  

I 
VI 
0 
I 

S T L G E  1 PIXLS VCLOnE 
no. I nQOeoos I 

I I 
1  I 3.6001-02 1 
2 I  ?I€CCP-C2 I  - .  
3 I ? . c o c i - o i  i 
0 1 3.600.-02 1 
5 1 ? . f C C E - C 2  I 
6 1 1.lOOE-01 1 
7 1 1.7001-01 I 

9 1 1.7COP-Cl 1 
1 0  1 1.7OOF-01 I 

8 1 1.7CCE-C1 I 

BY P A I S E  
O R G I R I C  

1 . 2 0 0 ~ - 0 1  
1.2 001- 01 
1.2001-01 
1. zooe-oi 
1.2ooE-01 
u. 0 0 or- 0 1 
o. oooe-oi 
u.oooe-oi 
u.oooe-o i 
u. 0 001-  01 I 

I 

s m ' P L e R  v o L u n e  B Y  P H n s e  
I C O E C O S  I O R G l N I C  

I 
I . IOOE-01  I 5 . 8 0 0 ~ - 0 1  
1.1ooe-oi  I 3 . 8 0 0 ~ - 0 1  
i . iooe-oi I 3 . 8 0 0 ~ - 0 1  
I . I O O E - O ~  I 3.800E-01 
3. iooe-01 I ~ . B O O E - O I  

5. iooe-01 I i . iaoe 00  
5.1001-01 I 1.7OOE 00 

. - .. - -  . 
5 . 1 0 0 ~ - 0 1  I i . 1 ~ 0 ~  0 0  
5 . 1 0 0 ~ - 0 1  I 1 . 1 8 0 ~  0 0  
7 . 0 0 0 ~ - 0 1  1 1 . 1 8 0 ~  co 

1 n I x e R  PLOW 
I wueous I 
I I 
I 9.0731-02 1 
I 9 . 0 7 3 ~ - 0 2  I 
I 9 .1681-02 I 
I 9.1681-02 I 
I 9 . 1 6 8 ~ - 0 2  I 
I 1 . 2 2 2 ~ - 0 1  I 
I 1.222E-01 I 
I 1 . 2 2 2 ~ - 0 1  I 
I 1.222E-01 I 
I 1.2221-01 I 

R I T E  I I N T L R S T I G E  P L O Y  R A T E  
O R G I I I I C  1 AQOEOUS I O R G I U I C  

1 I 
3 . ~ 7 2 ~ - 0 1  I 9.0731-02 I 3 . ~ 7 2 ~ - 0 1  
3.0721-01 I 9 . 0 7 3 ~ - 0 2  I 3 . u 7 2 ~ - 0 1  
3.U72E-01 I 9 . 1 6 ~ 1 - 0 2  I 3 .4721-01 
3.0721-01 I 9 . 1 6 8 ~ - 0 2  I 3 . 4 7 2 ~ - 0 7  
3.0721-01 I  0 . 0  I  3.U72E-01 
3.4721-01 i 1.2221-01 i 3 . s 7 i i - 0 1  
3-472L-01 I 1 . 2 2 2 ~ - 0 1  I 3 . 9 7 2 ~ 0 1  
3 . ~ 7 2 ~ - 0 1  I 1.2221-01 I 3 . u 7 2 ~ - 0 1  
3.972E-01 I 1.2221-01 I 3 . 4 7 2 ~ - 0 1  
3.U72E-01 I 1 . 2 2 2 ~ - 0 1  I 3.4721-01 



TRLIISILRT B L I ? L V I O R  RiSULlS MIXER CORCENTRLTIOII GIVEN 

¶ I R E  3 C.0 IIMWFS 
I Q O P O O S  FALSE 

SlLCP I RIT61C LCTDI O R L N I U l  I 
no. I ( n o L m  I (G/L) I 

NITRITE I O N 1  

I 
inoL/Li I 

BllPERLTORE 
CENTIGRLOEI 

4.0008 0 1  
U.000E 0 1  
L O O O E  0 1  
4.0008 01 
4 - O C O E  01 

4 . O O O E  0 1  
u.oooe 01 
0.000E 4 . 0 0 0 1  0 1  01  

U.0001 01 

PO (IV) 

3.6221-01 
5.8051-01 
1. 8491-01 
1.035E 00 
1 .0881 00 

( o m  
PO (111) 1 R E O C € l L . l T  

I 
W/LI I ( n o L / L i  

0 .0  I 0 . 0  

DENSITY I M I X E R  PLOY 
w n L i  I (L/nxni 

I 
1.14OE 00 I 1.0041-01 
1. 1 6 0 1  00 I 1.0061-01 
1.118E 00 I 1.0181-01 
1 .2001 00 I 1.02lE-01 
1 .2441 00 I 1.021E-01 

I 1.0271-01 

I I I 
1 I 2.837F 00 I 2 - 7 0 9 1  01  I 
2 i i i 7 n i i  00 i 6.2591 01 i 
1 I 2.f68E 00 I 5.5821 01  I 
0 I 2.5121 00  I 1.23UE 01  I 
5 I 2.0341 00 I 1.0321 0 2  1 0 .0  I 
5 I PRODECl SIRELM 
6 1 3.0001 0 0  I 
1 I 3 . o o n ~  00 I 
E I ?.e511 00 I 
9 I 3 . 4 8 5 1  00 I 

10 I 3.1421 00 I 

O R G L A I C  FPLS1 
S l L G L  I IIITBIC IC101 
no. I ino t /Li  I 

I I 
1 1 2.004c-01 1 
2 1 1.625E-01 1 
? I 1.152t-01 I 

2.813E 00 
2.1371 00 
2.3521 00 
1 .9081 00 I 0.0 1 0 . 0  

0 .0  I 0 . 0  
0 . 0  1 0 . 0  
0 . 0  I 0.0 

1.6191 00 i 1.5001-01 
1 .6191 00 I 1.500E-01 
1.6111 00 I 1.4991-01 

L O O 1 1  0 2  
2.998E 0 2  
2.902E 02 
2.2391 02 
2.1431 0 1  

0 .0  
0 .0  
0 . 0  
0.0 
0 .0 

1.509E 0 0  I 1.4841-01 
1. 1 4 3 1  00 I 1.3631-01 2.6131-01 i 0.0 I 0 . 0  

u n a n n t n  
W/LI 

8.6161 01 
9 .4251 0 1  
9.83eE 01 

PO (XI) 
( G / L )  

1.1881-01 
8. 1851-01 
8.8 0 11-0 1 
9 . 3 5 1  E-01 

I EXTRLCTIOI 
PLCTOR 

PO EXTRLCT 
PLClOR 

NO3 EXTRICl 
PLCTOR 

I N V E N T O R Y  
CRINGE (S) 

1. 14OE 0 1  
8.01UE 00 
6 .308E 0 0  

1. 1 9 4 1  00 
5.011E 00 
4.013E 00 

2.6121-01 
2.1131-01 
1.861 E-0 1 

9.0961-01 ; 3.6391-01 
9.5418-01 I 3.6031-01 
9.5931-01 I 3.6u5E-01 

6.1201-02 
4.28CE-02 2.1071-02 

1.020E 02 

6 1 L.S5eE-02 I 1.1519 02 
1 I 5 9 l C I - 0 2  I 1.1511 02 

5 i 9;39i r -O2 i 1.0661 0 2  

e I 6.118E-02 I 

5.038E 0 0  
3.6681 0 0  
9.398 E-0 1 
9.3601-0 1 

1.243E 0 0  
1.0351 0 1  

9.53 1 e-0 1 

3.2291 00 
2.4011 00 
9.5961-01 
9.6091-01 
9 - 77 BE-  01 
1.2231 00 
6 . 1 7 0 i  00 

1.6UlE-0 1 9.6391-01 I 3.6471-01 
9.698E-01 I 326991-01 
9.8111-01 I 3.6561-01 
9.8111-01 I 3.656E-01 
9.808E-01 I 3.6561-01 

9.406E-01 I 3.6401-01 
~ . ~ ~ o E - o I  I 3.655e-01 

1.4422-02 
6.955E-C3 
8.217E-04 
5.138E-04 
0.0 
3.69lE-OD 
1.995E-04 

~~~ ~ 

1.005E 00 
1.131E 00 
1 . 0 1 9 1  00 
1 .0231 00 
9.4711-01 

1.3 12  E-0 1 
4.890E-02 
4 - 8  4 3 E- 0 2 
0.8891-02 

2.0741-01 I 
5 . 6 6 1 ~ - 0 2  I 

1. l5OE 0 2  
1.1271 02 
8.305E 01 

s i ~ . C C C L - O ~  i 
1 C  I 2.039i-01 I 6.1161-01 

n w ' =  l c . 0 0  LIDO'IIS 
I Q O F O O S  FILS1 

S T L G i  I BIT6IC LCIOI 
no. I (aoL/Li I 

I I 
1 1 2 .8441 0 0  I 

2.1591 00 I : I r . E C 3 F  0 0  I 

SEOOCILN'I 1 NITRITE I O N 1  
(noL/Li I (noL/L) I 

I  I 
0.0 I 0 .0  I 
0 . 0  1 0.0 I 
1.4701-02 1 1.7221-02 I 
0.0 1 1.1211-02 I 
0.0 I 1.7101-02 I 

M I X E R  PLOW 
(L/nIn i  

1.004E-01 
1.005E-0 1 
1.0 161-0 1 
1.01 71-01 
1.024E-01 
1.0 24E-0 1 
1.5 001-0  1 
1.5001-0 1 
1.499E-0 1 
1.3631-01 1.4841-01 

'ENPERITORE 
CENT I G R  A DEI 

4 .000E 0 1  
4 . O O O E  4.000E 01  01 

U . O O O E  0 1  
u.oooe 01 

u.oooe 01 

u.oooe 01 
U . 0 0 0 1  01 

4.0.00E 01 
4 . O O O E  01 

OENSITY 
( w a l l  

1.138E 00 
1.156E 00 
1 .1731 00 
1.193E 00 
1 . 2 4 2 1  00 

1.619E 00 
1.619E 0 0  
1.61lE 0 0  
1.509E 00 
1. 143E 00 

I 
2.6811 01  1 
4.054E 0 1  1 
5.1121 01 I 

9.6851 01 I 
6 . 3 4 8 ~  01 I 

I 
1.3511-03 I 0 . 0  
6.8991-00 I 0.0 
0.0 1 6.015E-01 
2.601E-02 I 4.1101 00 
1 . 1 8 7 ~  00 I 0 . 0 8 6 ~  00 

2.873E 00 I 0.0 I 0 . 0  I 0.0 I 
2.111E 00 1 0.0 I 0 . 0  1 0.0 I 
2.5521 00 1 0 1 0  I 0 . 0  I 0.0 1 
1.9OBE 00 1 0.0 I 0 . 0  I 0.0 I 
2.6131-01 1 0 . 0  1 0;o I 0 . 0  1 

O R G L N I C  FELSE 
S T L G L  I RITRIC L C I D l  ORLWXVM 1 

N O .  I inoL/Li I (G/Ll I 
PO(1V) I O  E X T R I C T X O N I  PO EXTRLCT I H A 0 3  EXTRICTI 

PLCTOB I 
I ! pLCICR I ( G / L I  ,I P K M R  

PLOW RITE 
(L/MINl 

INVENTORY 
C R I N G E  ('I) 

6.7341 01  
7.8641 01  
5.421E 01  
3 . 8 2 3 1  02  
2.625E 00 
0 .0  

I I I 
1 I 2.0791-01 I 8 .6861  01 I 
2 1 1.6771-01 1 9.0lOE 0 1  I 
1 1 3.453L-01 I 9.789E 01 I 
4 1 1.2531-01 1 1.0131 02  I 

t I 5.55eE-02 I 1-1SlE 02 1 
7 I 1.91C1-02 1 1.1511 02 1 
8 I 6 . 1 1 8 1 4 2  I 1- 150E 02  I 

5 I 9.5331-02 I 1.063e 0 2  I 

2 . 7 5 2 ~ - 0 3  i i . i i u E  01 i 7 . 3 8 2 ~  00 i 2 . 6 5 0 ~ - 0 1  i 
1.0121-03 I 8.409E 00 I 5.3121 00 1 2.202E-01 I 
0.0 1 6 .86UE 00 I 0 . 0  1 1.963E-01 I 
2.6841-02 I 5.120E 00 1 2.3251-02 I 1.772E-01 I 
8.089E-01 I 3.912E 00 I 5;739E-01 1 1.1231-01 I 
~ : ? x ? R  nn I ~ . ~ U R Q . - O ~  I 9.5961-01 I 0 . 8 ~ 0 ~ - 0 2  I 

9 .U36E- 01 3.63 BE-01 
9.526 E-0 1 3- 6U2E-0 1 
9.5731-01 I 3.6441-01 
9.6161-01 I 31645E-01 

9 .U36E- 01 3.63 BE-01 
9.526 E-0 1 3- 6U2E-0 1 
9.5731-01 I 3.6401-01 
9.6161-01 I 31645E-01 
9.691E-01 1 3;649E-01 
9.8111-01 I L656E-01 
9.8111-01 I 3.6561-01 
9 .8081-01  I 3.6561-01 
9.1808-01 1 3-6551-01 
9.4061-01 I 3.6401-01 

9.691E-01 1 3;649E-01 
9.811E-01 I L656E-01 

i:oisi oo i 9 . 3 s o i - 0 1  I 9.6091-01 i 4.8P3E-02 I 9 . 8 1 1 ~ - 0 1  i 3.6561-01 
1 .0231 00 1 9.53lE-01 I 9.118E-01 I 0.8891-02 1 9.8081-01  I 3.6561-01 
9.0111-01 I 1.243P 00  1 1.2231 00 I 5.6611-02 1 9.1808-01 1 3-6551-01 

9.4061-01 I 3.6401-01 

.. 
0.0 
0.0 
0.0 
1.6631-09 

S i R.OC6E-02 I 1.12lE 02 I 
1 C  1 2.0001-01 1 8.3052 01 I 6.1161-01 1 1 . 0 3 5 E  0 1  I 6.1711 00 I 2.014E-01 I 
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APPENDIX A .  PROGRAM LISTING 
ccccccccc 
C 
C PROGRAR SEPHIS 
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 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

O R N L ,  R A T ,  1978 REVISIORS BT A.D.RITCHELL 
ORRL REVISION OF TRE RAIRET-WATSOR RODIFIED VERSION (ORAL-TI-5123) 
WATSON 6 RAINEI MODIFIED TRE RICRARDSON-RAPCE VERSION (REDL-THE 75-31) 
ORIGINAL PROGRAR BT W. S.GROERIER (ORRL 4746) 

TRANSIENT STRGE CALCULATIONS FOR PUREX SOLVENT EXTRACTION PROCESS. 
CALCULATIONS DONE FOR 6 CORPONERTS 

3 TRARSFEERIRC CORPORERTS CORPOUERT 1 - NTTRIC ACID 
C O R P O R E R T  z - u a n m  

COIPOREAT 5 - P L o m w I u n  REDUCTART 

CORFQRERT 3 - PLUTORIUR ( I V )  
3 RON-TRARSPERRIRG CORPOREUTS CORPORERT 4 - PLUTOBIOR ( I I I )  

CCRWNEm 6 - NITRATE ION 
100 STAGES ALLOWED, THE 100 ARE GOTTEN B1 USIRG ETOST = 00 

DISCRIPTIOR OF MOST RAJOR VARIABLES 
AVOL VOLUME OF AQUEOUS PRASE I R  RIXER J 

ASVOL VOLURE OF AQUEOUS PRASE I N  SETTLER J 
OSVOL VOLUME OP ORGANIC PRASE I N  SETTLER J 
TPROF R I X L R  TERPERATURE 
I T S  AQUEOUS TEMPERATURE I R  THE SETTLER 
OTS ORGANIC TEMPERATURE I N  THE SETTLER 
XPD ( 1 . J )  COBCENTRATION 09 CORPONERT I I B  AQUEOUS ?EED TO STAGE J 
TFD ( 1 . J )  CORCERTRATIOR OF COMPONENT I I N  ORGANIC FEED TO STAGE J 
AFDRT FLOW RATE (LITERS/RIW OF ACUEOUS PEED TO RIXER J 
OPDRT FLOW RATE ( L I T E R S / I I R )  OP ORGARIC PEED TO UIXEE J 
AFDTER TEMPERATURE OF AQUEDUS PEED TO RIXER J 
OFDTER TERPERATURE OF ORGANIC PEED TO RIXER J 
I (1 , J .K)  AQUEOUS CORCENTRATIOR OP CORPORERT I I R  RIXER J DUEIRG 

A TIRE IRTERVAL K K S 1  FOR PREVIOOS T I R E  

OVOL VOLUME OF ORGANIC PAISE I n  nixes J 

K P Z  FOR PRESERT TIRE 
X S  ( J , L , I , K )  AQUEOUS CORC OF CORPORERT I IR SETTLER J, ZONE L, D U E I N G  

A F I R E  IRTERVAL K .  EACA SETTLER I S  S P L I T  INTO TRBEE 
ZONES I b  ORDER TO SROOTR OUT TRE CRANGES IR COUCERTRATION 
OP I T S  IIIXER. THE ZONES CAR BE TAOOGAT OP AS E E L L  
RIXED TARKS PLOWING INTO THE REX? ZONE OR MIXER. 

A AQUEOUS IRTERSTAGE PLOW RATE 
0 ORGANIC IATERSTAGE PLOW RATE 
AT AQUEOUS IRTRASTAGE PLOE RATE 
OT ORGARIC IATRASTAGE PLOW RATE 
ALVRT FLOW RATE OP AQUEOUS STREAM LEAVING MIXER-SRTLEE BARK 
OLVRT FLOW RATE OF ORGANIC STREAM LEAVING MIXER-SETTLER B A R K  
LOUT, OOUT IATERSTAGE FLOW RATES I N  EEAL VOLURE ONITS, 

RSOLU I S  TRE SUBSCRIPT FOR TRE RIGREST RURBERED COUPORERT 

ISOL IRDICATES I P  A SOLUTE I S  (OR EAS) PRESENT I N  THE 

USED ORLT I R  PRINT-OUT 

I R  THE SISTER.  I T  I S  USED I B  THE SARE M A N N E R  AS ISOL. 

CORTACTOR. I T  I S  USED TO BIPASS USELESS CALCULATIORS 
OF ZERO CORCEIFTRATIOR. 

SPA S P E C I P I C  RENT OF ORGARIC PRASE (AQOEOUS ASSURED TO BE 1 )  
RDIREC DETERPIIRES TRE ORDER OF TEE STAGEWISE CALCULATIORS. 
RDIREC = 1 FOR CALCULATIONS TO START AT THE P I R S T  STAGE 

CODUM LARGEST CHARGE I R  SOLUTE IRVERTORT OF A CORPORENT 
=-i FOR C u c o L A n o n s  TO START PITR T R E  LAST S T A G E  

I R  THE RIXEE 

TITLE I S  T'AE PEOBLEH TITLE. 
. RTOST = TOTAL WlBER OF STAGES, RUST NOT EXCEED 100 
c CTBP = vomne PRACTIOR OP D R T  T E P  
C T E R P I  = AH I R I T I A L  OR DEPAULT TERPERATURE 
C RSTR = 0 RO URUSUAL ROUTIRG PATTERR DESIRED 
C = 1 ROUTIRG PATTERR OTAER TRAR A O R I A L  WILL BE USED 
C RSTR, ISTR, JSTR VARIABLES SPECIPTIRG TRAT TRE OEGAUIC PRASE 
C OF STAGE ISTR BE ROUTED TO STAGE JSTR 
C I R X X I  = IRDICATOR OF THE REACTION USED PO08 REDUCTION 
C D T R E T A  = TIRE IRCRERERT '(MINUTES) 
C DPRIRT = ELAPSED TIME BETWEEN TRE PRINTING OP PROPILES 
C TSTOP = TIRE WRER TAE T I R E  PERIOD I S  TO ERD 
C TOL = TAE TOLERANCE TO BE USED TO TEST POR CORVEEGERCE 
C REWIR = 0 I F  TRE PRESENT IRPUT STREAMS ARE TO BE CORTIRUED 
C = l  
C REEOUT = 0 
C = 1  

C = z  
C 
C = 3  
c IVOLS = 1 
C = z  
C 
C = 3  
C I P R O  = 0 
C 1 
C I P A S T  = 0 
C - 1  
C IPRCA = D 
C 1 
C 
CCCCCCCCC 

c I v o L n  = 1 

I F  R E I  IRPUT STREAMS LEE TO B E  SPECIPIED 
I F  TAE PRESENT EXITIRG STREARS A R E  TO BE COATIRUED 
I P  NEW EXITIRG STREARS ARE TO BE S P E C I n E D  
I F  AQUEOUS LAD ORGANIC RIXER VOLURES ARE TO BE GIVER 
I F  TOTAL RIXER VOLUME I S  GIVER EITA PHASE VOLURES DETERUIRED 
BI  PRASE ?LOW I R  TRE RIXER 
I F  ALL MIXER VOLURES GIVER B Y  PRASE 11011 I N  THE RIXEESUNIT T I 8 8  
I F  AQUEOUS A N D  ORGANIC SETTLER VOLLIRES AEE TO BE GIVER 
I F  TOTAL SETTLER VOLURE I S  GIVEN EITR PRASE VOLORES DETEEUINED 
B I  PRASE PLOW IN TRE RIXER 
I F  ALL SETTLER VOLURES GIVER B I  PRASE PLOE I N  ?RE RIXtR*UBIT T I 8 E  

POR A NOR-ZERO I R I T I A L  PEOFILE 
POR Z E R O  INITIAL COHCERTRATIOR PROPILE 

I F  TAE RURGE KUTTA INTEGRATIOA IS TO BE USED 
I O  THE PASTER IRTEGEATIOU RETHOD I S  TO BE USED 

I P  80  PURCRED CARD OUTPUT DESIRED 
H)R e I m  PROPILE OUTPUT ON PUUCRED CAEDS 
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COIIIIOR/CORTRL/ RTOST, RSOLU,CTBP, N E I I W ,  NEYOUT,SPH,I PRCH, IPAST, I R X R ,  

COIIIIOR/CORCS/ 1 ( 6 , 1 0 0 , 2 )  ,I (6 ,100 .2 )  , XS ( 1 0 0 , 3 , 6 , 2 )  , T S (  100.3.6.2) 

CORIIOR/STREIII/ XPD(6.100)  ,YPD(6 ,100)  ,APDRT (100)  ,OPDRT(lOO) , 
CORIIOR/TEIIPS/ TPRDP ( 1 0 0 , 2 )  , A T S ( 1 0 0 , 3 , 2 )  ,OTS (100.3.2)  

REAL.8 TITLE (16 .10 )  
R DIREC=l 

C 
C UEXT CASE I S  R E I  
C 

. DTHETA,IVOLR,IIOLS , I P R O ,  TERPI,  ISOL ( 6 )  ,RSTR, ISTR, JSTR,CODUII ( 1 0 0 )  

coaao i /noss /  & ( l o o )  ,o ( l o o )  ~ ~ ( 1 0 0 )  , O T ( I O O )  

. APOTEII (1  00) ,OPDTEII(100) ,ALVRT ( 1 0 0 )  ,OLVRT(100)  

c o a a o n / o o L s /  ~ v o ~ ( i o o )  , o v o ~ ( i o o )  ,ASVOL ( i o o ) , o s v o ~ ( i ~ o )  

10 CORTIRUE 
RE AD 3 000, BTTL, RTOS T, CT BP, TEMPI, ASTR, I S  TR , J STR, I R X R  

DO 11 J= l ,RTTL 
IP(IRXR.LE.O) I n x n = o  
BEAD 1000, (TITLE(J .1 )  ,R=1 ,10)  

IP (RTOST.LE.0) RTOST = l o 0  
ISOLU=6 
SPR=O.321*0.078*CTBP 

11 COATIRUE 

DO i o  I=I,RMLO 
ISOL (I) =o 

1 4  CORTIRUE 
C 
C ZEROING OP ARRAYS 
C 

15 
16 

1 7  

00 1 6  J= l ,RTOST 
CODUII(J) = 2 0 0 .  
AVOL ( J )  =O. 0 
OVOL(J) = O . O  
ASVOL ( J )  =O.  0 
OSVOL(J) = O . O  
APORT(J) = 0.0 
OPDRT(J) = 0.0 
APDTER ( J )  =TEIIPI  
OPDTER(J) =TEIIPI 
A ( J )  = 0.0 
O ( J )  = 0.0 
AT (J)=O.O 
O T ( J )  = O . O  
ALVRT(J) = 0.0 
OLVRT(J) 0.0 
D O  15 x = i , n s o L u  
X ( I , J ,  1 ) = 0 . 0  
X ( I , J , 2 ) = 0 . 0  
'I ( I, J, 1) = O  . 0 
Y (I, J , 2 )  1 0 . 0  
XPD(1.J)  = 0.0 
T P D ( 1 , J )  - 0.0 
COR TIN WE 
CORTIRUE 
DO 20  L = 1 , 2  
DO 1 9  J=l ,ATOST 
TPROP(J,L)  =TEIIPI 
DO 18 K=1,3 
ATS(J,K,L)  =TEIIPI 
OTS ( J , K , L ) = T E R P I  
DO 17 n - 1 , n m . u  
XS ( J ,K ,  R,L) =O. 0 
YS(J,K,M,L) = O . O  
COATIRUE 

18 COITIRUE 
19 CORTIRUE 
20  COATIRUE 

ccccc 
C 
C 
C THIS  I S  TAE START OP L R E I  TIME PERIOD 
C ART ORE, OR GRCPJP OP THESE VARIABLES B A T  BE CRARGED POR TRE REP TIRE 
C PERIOD. 
C IF DTHETA=O.O THE PRESENT CASE I S  ENDED A N D  A REP ORE BEGUR DEPENDING 
C OR DPRIRT. I F  DPRIRT=l.O,  A R E I  CASE IS STARTED A I D  A REU T I T L E  READ 
C I R .  I P  OPRIAT=O.O, THE PROGRAM STOPS. 
C 
ccccc 

2 1  R EA0 3001, DTAETA ,DPRIRT,TSTOP , M L ,  REP1 B .REOOUT, IVOLM, II OLS, IPRO, 
IPAST .IPRCR 

IP(OTRETh.EQ.0.) G O  TO D O 0  
IP ( R E P I R + A E P O ~ + I V O L ~ + I V O L S + I P R O . ~ E .  0 )  GO TO 2 3  

23 

2 5  

PRTIIIE=PRTIIIE +OPRIAT 
PRINT 3 2 0 1  ,DTRETA 
PRINT ~ ~ O ~ , O P R I R T  
IF (IPAST. EQ. 1 )  PRIRT 5000 
IP(IPAST.RE.1)  PRIRT 5001 
PRI llT 3 2 0 3  ,TSTOP,TOL 
GO M 100 
PRIRT 1 0 0 2  
DO 2 5  J x 1 , I T T L  
P R I R ?  1 0 0 3 ,  ( T I T L E ( J , I )  , I = l , l O )  
CORTIRUE 
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.. 
J 

* .  

-" 

. .  .- 

PRINT 3201,DTAETL 
PRINT 3202,DPRIAP 
IP ( IPLST.EQ.1 )  PRINT 
I P  (I?LST. RE. 1 )  PRINT 
PRINT 3 2 0 3 ,  TSTOP,TOL 
PRINT 2 0 0 0 ,  NTOST 

C 
C 

C 
c s c h n  INPUT SWITCAES POR 

IP(NEPIN.EQ.1) PRINT 
I? (REPIN. E Q . 0 )  PRINT 

5000 
5001 

ERRORS 

31 01 
3 1 0 2  

I?(NEWIN.NE. 1 .AAD.  NEPIN.AE.0) PRINT 3109 ,REPIR 
I?(NEWOUT.EQ.l) PRINT 3 1 0 3  
I? (NEWOUT. E Q . 0 )  PRINT 3 1 0 4  
IP(REPOUT.NE. 1.AAD.NEPOUT.NE.O) PRINT 3110,REWOUT 
IP(IVOLR.EQ.0) PRINT 3105 

IP(IVOLR.EQ.2) PRINT 2 0 3 9  
I P  ( I V O L L  CQ.3) PRINT 2 0 4 0  

IP(IVOLS.EQ.0) PRIRT 3 1 0 6  
I P  (IVOLS. EQ. 1 )  PRINT 2 0 4 2  

I P  (IVOLS. EQ. 3 )  PRINT 2 0 4 4  
I P  (IVOLS. LT. O.OR .I VOLS. GT. 3 )  
I?(IPRO.EQ.O) PRINT 3107 
I P  (1PRO.EQ. 1 )  PRINT 3108 
IP(IPRO.WE .O.ARD.IPRO. NE.l) 
IP(IPRCA.EQ.0) PRINT 2 0 2 6  

IP(IPNCs.NE.O.LND.IPNCH.NE.1) PRINT 2028 , IPRCA 
IP(NSTR.EQ.0) PRINT 2 0 3 4  
IP(NSTR.EQ. 1 )  PRIRT 2 0 3 5  
IP(IISTR.RE. 0.LRD.NSIR. NE.l) PEIWT 2 0 3 6 ,  USTR 
I?(NSTR.EQ. 1) PRINT UOOO,ISTR,JSTR 
PRINT 7 0 0 0 , T E R P I  
IP(IRXA.KQ.0) PRINT 8000 

IP(IRXN.EQ.2)  PRINT 8 0 0 2  
I P  (1RXR.EQ. 3) PRINT 8 0 0 3  

IP ( IvoLa .  EO.  1) PRINT 2 0 3 8  

IF (IV~L~.LT.O.OR.I~OL~.GT. 3) PRINT ~ O U ~ , I P O L I I  

IP(IVOLS.EQ.~) PRINT 2 0 4 3  

PRI RT 2 0 4 5  ,IVOLS 

PRINT 2 0 0 3  ,IPRO 

IP(IPRCA.EQ.I) PRINT 3111 

I P  (IRXA.EQ. 1 )  PRINT e o 0 1  

C 
C STLRTS DOES LLL TEE INPUT REQUIRED BEPOBE TAE ITERLTIONS START 
C 

C 
C 

CALL STARTS 

PRINT 3 2 0 5  
POTIRE-0.0 
PRTIIIE=O.O 
DO 50 J=l ,NTOST 
DO 50 I=l,NSOLU 
X ( 1 ,  J.2j-X (11 J v  1 )  
1 ( 11 J ,2) ( 1  I J, 1 )  

GO TO 200  
50 CONTIIIUC 

i o 0  ConTInwE 
C 
C STAGES PERIOERS STAGE CLLCOLLTIORS POR ELCA TIRE IRTERVAL 
C 

C 
C 

C 
C RERELY IRCRERERTIRG T I R E  POR TERPS b CONCS 

CLLL STIGES (NDIREC) 

WDI  R E C P - I I D I  R C C  

c 

1 4 8  

1 5 0  
C 
C 

T O T I R P T O T I  RE+DTHETA 
RSTOP=O 
D O  150 J=l .RTOST 
I P  (CODUR ( J )  .GT.TOL) !ISTOP= 1 
TPROP ( J , l ) = T P R O P ( J ,  2) 
DO 1 4 8  K2=1 ,3  
ATS(J,KZ, 1) =ATS(J,KZ,2)  
O T S ( J , K Z , l )  =OTS ( J ,K2 ,2 )  

I P  (ISOL ( I ) .  EQ. 0 )  GO TO 150  
DO 150 ~ = i . ~ s o ~ a  

X ( 1 ,  J,  1) (1, J 2 )  
I ( I ,  J, 1) =T ( I ,  J, 2) 
DO 1 5 0  K2=1,3 
XS(J ,KZ, I ,  1) =XS(J ,KZ, I ,Z )  
T S ( J . K Z , I , l )  = T S ( J , K Z , I , 2 )  
COATI RUE 

C CHECK POR CONVERGENCE 
C 

I P  (NSTOP. EQ .O) TSTDP=TOTIRE 

I P ( W T I R E . L T . P R T I I I E . ~ I I D . M T I O E . l r . T S T O P )  GO TO 100 
PRTIRE=PRTI IIEIDPRINT 

2 0 0  c o n T I n u 8  
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C 
C 
C PRIRTIRG CORCERTRATIORS POR THE TIRE INTERVAL 
C SUBR06TIRE PRTOUT DOES ALL TAE CONVERSIONS A R D  CALCULATIONS UAICR 
C ARE REQUIRED BEPORE TAE PROPILE CAR BE PRIRTED OR PUBCHED. BECAUSE 

C CAR BE DORE I R  THE R A I R  PBOGRAR. 
C 

c OP T A B  RCADIRGS, THE PRINTING IS M ) R E  I n  PRMUT WILE TAE P u R c n I n G  

PRIRT 1100,TOTIRE 
CALL PRTOUT 

C 
C 

C 
C 
C PWACAED CARD OUTPUT 
C 

2 5 0  IP(TOTIRE.LT.TSTOP) G O  M 100 

IP(IPACR.EQ.0)  GO TO 300 
OAE=l.O 
DO 2 7 5  J = l , R T O S T  
PURCA 1 2 0 2 ,  ( X ( I , J , 2 )  , 1 = 1 , 6 ) . T P R O P ( J ,  2 )  
PURCA 1 2 0 2 ,  ( T ( I , J , 2 )  , 1 = 1 , 6 )  ,ORE 

2 1 5  CORTIRUE 
300 COATIRUE 

PRTIRE=PRTIRE-DPRIRT 
G O  TO 2 1  

000 CORTIRUE 
IP(DPRIUT.EQ.1.)  GO TO 10 
STOP 

C 
C 

1000 PORRAT (1OA8) 
1 0 0 2  ?ORHAT('lCALCULATIORS POR A SOLVER? EITEACTIOR PROCESS', 

1003 FORMAT (' *, lOAE)  
1 2 0 2  PORRAT(lPBE10.3) 
1 1 0 0  PORMAT ('- T I R E  = ' ,OPP7.2 , '  RIRUTES') 
2 0 0 0  FORRAT(' RURBER OP STAGES = ' , I 3 )  
2 0 0 3  PORRAT(' IPBO = ' ,13,3X,11RVALID VALUE') 

2 0 2 8  PORRAT (' IPRCR = *,13,3X,11RVALID VALOE') 
2 0 3 0  POFIRAT(' RSTR = 0',3X,*MO UNUSUAL ROUTIBG PATTERN') 
2 0 3 5  PORNAT(* RSTR = 1*,3X,*ROUTIRG PATTERR OTHER TAAR RORRAL') 
2 0 3 6  PORRAT(' RSTR = ~ , 1 3 , 3 X . ' I R V A L I D  VALUE') 
2 0 3 8  POBRAT(' IVOLI  = 1 LQUEOUS IUD O R C A U I C  B I I E R  VOLURES GIVER') 

2 0 0 0  PORRATI' IVOLM = 3 MIXER VOLURES DETEBMIRED BT PHASE PLOU') 

. ' R A V I N G  IRTERACTING SOLWTES'//) 

2 0 2 6  F O R R A T ( '  I P n c t i  = 0 * , 3 x , * n o  PDACAED C A R D  OUTPUT*)  

2 0 3 9  P o R n n T ( '  I v o L n  = 2 TOTAL n I x m  V O L U H E  GIVW')  

2 0 0 1  PORNAT(* IVOLR = ' , 1 2 , '  INVALID VALUE') 
2 0 4 2  PORMAT(' IVOLS = 1 AQUEOUS A N D  ORGARIC SETTLER VOLURES GIVER') 
2 0 0 3  PORRAT(' IVOLS = 2 TOTAL SETTLER VOLURE GIVER') 
2 0 0 0  PORRAT(' IVOLS = 3 SETTLER VOLUMES GIVEB BT PHASE PLOE 

3000 PORRAT ( 2 1 2 , 2 F 8 . 0 , 0 1 2 )  
3001 PORRAT(aP8.0,BIz) 
3 1 0 1  PORRAT(' REUIR = 1 REU INPUT PLOWS UILL BE GIVER') 
3 1 0 2  POFIRAT(' REWIR = U INPUT FLOWS UILL BE URCAARGED') 
3103 POBRAT(' REUOUT = 1 REP OUTPUT PLOWS 11111 BE GIVER') 
3 1 0 4  PORIAT(* REVOUT a 0 OUTPUT STREARS UILL BE URCAARGED' 
3105 PORRAT(' IVOLR = 0 R I I E R  VOLURES UILL BE UACAABGED') 
3 1 0 6  FORMAT(' IVOLS = 0 SETTLER VOLUMES UILL BE UBCHARGED' 
3107 PORRAT(' IPRO = 0 A R E I  I R I T I A L  PROPILE UILL ROT BE A 
3108 PoRRAT('  IPRO = 1 A NEE I R I T I A L  PROPILE UILL BE BEAD' 
3109 PORRAT(' AEUIR = ' , 1 2 , '  INVALID VALUE') 

2005  F O R R A T ( '  IVOLS ~ 9 . 1 2 , '  INVALID V A L U E ' )  
) 

AD@) 

3110 PORMAT(' REUOUT = ' , I 2 , '  IBVALID VALUE') 
3111 PORMAT(t IPRCA = 1 PROPILE CARDS UILL BE POACHED AT ERD OR T I R E a )  
3 2 0 1  FORMAT('-DTRETA = * ,OPPB.3,' RIEUTES PER T I R E  IRCREIEIFT') 
3 2 0 2  PORMAT(* DPRIRT s ' ,OPP9.3 , '  RIRUTES BETUEER PRIRTIRG OP PROPILES') 
3 2 0 3  PORRAT(* T R I S  T I R E  PERIOD WILL EBD U H E R  TIRE = TSTOP = ' ,OPP8.3,  . ' RIRUTES, OR A TOLERARCE OP TOL =',OPP8.0.' S PER RIRUTE I S  REAC 

.RED') 
3 2 0 5  PORRAT('1TRARSIERT BEHAVIOR RESULTS RIXER CORCEATRATIOR GIVER') 
0000  PORMAT(' ORGARIC STREAR EXITING AT STAGE' ,I0 ,' PEEDS STAGE', 1 0 )  
5000 PORRIIT(' IPAST = 1 TRE PAST IRTECRATIOR TECHRIQUE UILL BE USED') 
5001 FORRAT(' I P A S T  = 0 THE RUBGE-KUTTA IRTEGEATIOR UILL BE USEDm) 
7 0 0 0  POFIRAT(* TEMPI = ' , l P E 1 0 . 3 , '  I R I T I A L  (z DEFAULT TERPERATURE') 
8000  PORMAT(* I R X R  = 0 RO REACTIORS UILL BE CORSIDERED*) 
8001 PORMAT(1 I R X R  = 1 IlSTARTAAEOUS REDUCTIOR OP PLUTORIUR') 
8 0 0 2  PORRAT(' I R X R  = 2 REDUCTIOR.OP PLUTORIUR BT UBABIUR ( I V ) ' )  
8003 PORMAT(' I R X A  = 3 REDUmIOR OP PLUTORIUR BT AYDROITLAOIRE ') 

En u 
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SO BROOTIR E STARTS . 
c 

L 

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 

SOBROOTIRE STARTS DOES G E N E R A L  INPUT PUNCTIORS. IT E E A D S  ALL THE 
INPORMATIOR REQUIRED ?OR A TIME PERIOD, CONVERTS TRE ORITS TO A 
HOLAL BASIS, A N D  SETS TRE HTDRAOLICS POR THE SYSTEM. 

COlfMOR/COATRL/ RTOST, RSOLU, c1 BP, REW I N ,  REWOUT, SPA, IPRCR,IPA ST,IRXR, 

coMMoR/coRcs/ X ( 6 , 1 0 0 , 2 )  ,T (6 ,100 .2 )  ,XS (100.3.6.2) , I S  ( 1 0 0 , 3 , 6 , 2 )  
COMROR/DISTRB/ TEMPC.hRT(6) .DTRT (6) 
COlfMOR/PLOPS/ A ( 1 0 0 )  , 0 ( 1 0 0 )  ,AT(100)  ,OT(lOO) 

COMMOR/STREAM/ X P D ( 6 , 1 0 0 ) , T P D ( 6 , 1 0 0 )  ,APDRT(100) ,OPDRT(100) ,  

COlfMOR/TEMPS/ TPROP (100 .2 )  , ATS (1 0 0 , 3 , 2 )  ,OTS ( 1 0 0 , 3 , 2 )  

DIMERSIOR COR(6) 

. DTRETA , IVOLM ,IVOLS ,IPRO, TEMPI ,I SOL ( 6 )  , RST R, I S T  R, JST  R, CODU II (1 00 ) 

c o n a o r / a o L r L c /  ~ ~ ( 6 1  ,OR (6 )  .TEHP , c o n v ~ , c o n v o , T c o n c  

. AFDTEM(lO0) ,OPDTEM(100) ,ALVRT(lOO) .OLVRT(100) 

c o n n o N / v o L s /  AvoL(1oo)  , o v o L ( i o o )  , A s v o L ( i o o )  , o s v o L ( i o o )  

EQCKDG I S  I CRECK OR TEE INITIAL PROPILE. I F  EQCKDG = 1.0 THE PROPILE 
PAS CREATED BT TRE PROGRAM. OTRERPISE, THE PROPILE CORCERTRATIORS 
A R E  ADJUSTED SO TEAT TRE PRASES A R E  IN EQOILIBRIUI.  

EQCKDGZO. 0 

TCORC I S  A N  INDICATOR FOR TAL MOLAL CONVERSION. TCORC = -1 SIRCE 
ROLAR CORCERTRATIORS P I L L  BE PASSED TO THE MOLAL SOBROUTIRE. 

TCORC=-1. 0 

DO 5 I=1,6 
AQ(I)=O.O 
O R ( I )  = O . O  

5 CORTIROE 

REWIR DETERMINES I P  REP IRPUT STREAMS A R E  TO BE SPECIPIED. NEW18 = 0 
IRDICATES TRAT R E I  INPUT FLOWS PILL ROT BE GIVER S O  TEE APPEOPQIATE 
SECTION OP THE PROGRAM SHOULD BE BTPASSED. 

I F  (REWIA. EQ. 0)  GO TO 40 

T R I S  SECTION RE-IRITIALIZES ARD IRPOTS ALL THE FEED STREAM IRPOBMATIOR. 
C 
C 

10 
15 

17 

2 0  

2 5  
30 

00  
C 

DO 10 J= l ,RTOST 
APDRT (J)=O. 0 
OPDRT(J) = O . O  
APDTEM ( J )  =TEMPI 
OPDTEM (J) =TEMPI 

XPD (I. J )  = O .  0 
TPD (I, J )  - 0 . 0  
CORTIROE 
CO AT1 ROE 
READ ( 5 , 1 0 0 1 )  J ,JRAS,PDRT, (COB(1) , 1=1 ,6 )  ,TERP,IRDEX 
IP ( J .  LE.0) J = l O O  
I P  (JHAS,EQ. 1 )  GO TO 2 0  
OPDRT(J) =PDRT 
I P  (TEMP. RE. 0. ) OPDTEM (J1 =T EMP 
DO 17 1-1.6 

TPD (I, J )  =COR (I) 
CORTIROE 
GO TO 30 
CORTI ROE 
A PDRT (J) =PDRT 
I P  (TEMP. RE. 0 . )  APDTEM(J)=TEMP 
DO 2 5  1 ~ 1 . 6  

XPD ( I , J ) = C O R ( I )  
CORTIROE 
CORTIRUE 
IP(IRDEX.EQ.1)  GO TO 15 
CORTIRUE 

0 0  10 I=1,RSOLu 

IP ( c o n  (I) . R E .  0.0) I  so^ (I) = 1 

r ~ ( c o n ( n  . R E . O . O )  x s o L ( I ) = i  

REWOUT DETERHIRES XP R E I l  PRODUCT STREAMS ARE TO BE SPECI?IED. REITOUT = 0 
INDICATES TAAT R O  REV PRODUCT STREAMS WILL BE SPECIFIED, SO T R I S  SECTIOR 
OP TRE PROGELM P I L L  BE BTPASSED. 

IP(REPOUT.EQ.O] G O  TO 6 0  

T R I S  SECTION RE- IRITIALIEES AWD IRPUTS ALL THE PRODUCT STBELM IRPORMATIOR. 

DO 4 5  S=l,RTOST 
ALVRT(J) 10.0 
OLVRT (J) PO. 0 

0 5  CORTIRUE 
50 CORTIROE 
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R E A D  2 0 0 1 .  J,JEAS,OTRT,IRDEX 
I F  ( J  . LE. 0) J = 100 
IP( JEAS.EQ.1)  ALVRT(J)-OTRT 
I? ( JRAS. IQ .O)  OLIRT ( J )  =OTRT 
IP(IRDEX.EQ.1) GO TO 5 0  

60 COUTIRUI 
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 

IPRO DETERRIWIS IF A l l  I U I R A L  PAO?ILE I S  TO BE READ O?? CARDS. I? MOT 
( IPRO = 0 )  T R I S  SBCTIOR OP TRE PROGAIR I S  BYPASSED. 

IP ( IPRO.EQ.0)  GO TO 80 

T R I S  SECTIOU R E - I U I T I A L I I W  TRE CORCk3iTRATIOR PROIILEG WITE TEE VALUES 
READ OF? OF THE PROFILE CARDS. 
BE TEE SIRE A S  TEE R I I E R  CORCERTRATIOUS POB A S T A G k  

SETTLEE COBCEIITRATIOAS ARE ASSURED TO 

DO 70 JD1,UTOST 
READ(5.1002) ( I ( I , J , 2 )  ,Ill ,6) , ?PEW 5.2) 
REID(5 .1002)  ( Y ( I , J , 2 )  ,731.6)  .EOCKDd 
I? (TPRO? (J, 2 ) .  eP. 0 . 0 )  TPROF(J,  2l FTEl lP I  
TPROP(J ,  1) ITPROP ( J ,Z )  
DO 65 I=1,6 
I P  (X ( I ,  J , 2 ) .  R E . O . 0 )  ISOL ( I )  = l  
I F ( Y ( I , J , 2 )  . R E . O . O )  I S O L ( I ) = l  

DO 70 W1.3 
DO 70 L = 1 , 2  
ATS (J ,K,L)=TPROP(J,  1 )  
OTS(J,K,L)  =TPROP (J, 1) 

65 c o n T I n u B  

70 CORTIRUE 
80 CORTIRUE 

RSOLO IS  SET TO TRE SDBSCRIPT OP THE RIGEBST BURBERED COOPOIIERT I R  TEE 
SISTER. ISOL I I I D I C A R S  WEETEER A COllPOWERT I S  PRESERT. T E I S  CEECX 
SAVES T I l l E  BY BYPASSIAG CALCOLATIOUS WRICE WOULD ALWAYS RESULT 11 
ZERO COUCERTRATIOR. TAUS I F  0 M . Y  UITRIC A C I D  I S  PRESENT, CALCOLATIOMS 
FOR TRE BOR-EXISTART PLUTORIUl CAR BE SKIPPED I N  SOME PLICES.  

n s o L u = i  
DO 82 1=1,6 
I F  ( ISOL ( I ) .  EQ. 1 )  RSOLU=I 

8 2  COBTIRUE 

CORVRT P R I R S  TEE PEED STREAO IRFORRATIOR, A R D  M R I E B T S  TEE CORCEUTRATIOUS 
TO lOLAL UNITS. 

IP(BEWIR*IPRO.EQ.O) GO TO 1 2 0  
CALL COUVET 

1 2 0  COUTIRUE 

IP(UEWOUT.EQ.0) GO TO 1 2 2  

PRIIITIRG TRE PRODUCT STREAR PLOIIRATES. TRE PRLRTED RATES R A Y  BOT BE 
TRE VALUES USED I N  CALCULATIORS DW TO TEE REQUIRElEUT TEAT 10 l O B E  
O? A PEASE R A Y  FLOW OUT OF A STAGE TRAU FLOWED I U .  

DO 1 2 1  J = l , U m S T  
I P  (ALVRT(J) .  WE.D.0) PRINT 1007 , J ,ALVRT(J )  
I F  (OLVRT ( J )  .RE. 0.0)  P R I  R 100 8 ,  J ,  OLV RT ( J )  

1 2 1  CONTINUE 
1 2 2  COFTIRUE 

IF(REWIR*NEIIOUT.E~.O) G O  TO 1 2 7  

SET AQUEOUS A N D  ORGLUIC IRTERSTAGE ?LOW ( A  AND 0)  

A I S  AQUEOUS IUTERSTAGE FLOW 
0 I S  ORGIRIC IIITEBSTAGE P L W  

02 I S  TOTAL ORGANIC FLOO IIITRIII A STAGE 
AT IS TOTAL AgwEoos PLOW wrmIn A STAGE 

IF(ALVRT(1)  .GT.AFDRT(l) ) ALVRT(1) =A?DRT(l) 
A I l l  =AFDBTI 1) -ALVRTll) . .  
AT(~)=AIDRT (1) 
IP(OLVRT(RT0ST) .GT.OIDRT(UTOST) ) OLVET ( BTOST) =O?DRT (UTOS?) 
OIRTOST) +O?DRt(RTOSR -OLVR?(tiTOST) 
OT (IFTOST) =O?D* (UTOST) 
DO 1 2 5  I-2,Rl'OST 
IP (ALVRT(1)  .GC.R(I-1)*A?DET(I))  A L V R T ( I ) n A ( I - ~ ) + A P D R T ( I )  
A ( I ) = A  (1-1) *AFDRT (I)-ALVRT ( I )  

UST ATOST*l-I 
I F  (OLIBT(U S q  .GE. 0 (US?* 1 )  OFOR?( UST) ) OLVRT (US?) =O (RST* 1 )  

OFDRT (RST) 
0 (BST) = 0 (RST*l)  *OFDRT (UST) -OLVRT(lST) 
IF (USTB. EQ. 1 . L B O .  UST. EQ.ISTB- 1 )  0 tRST) =OFDBT (UST) -0LV RT (RSZ) 

 AT(^ =A(I) *ALVRT(I) 

_. 
. .  

- I  
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IF(RSTR.EQ. 1 .ARD.RST.EQ.JSTR) 0 (RST) =O ( ISTR)  *OFDRT (RST) -0LVRT (RST) 

OT (RST) =O (II S q  *OLVRT(NST) 
. + O ( R S T + l )  

C 
C THE IRTERSTAQE FLOWS ARE ROW SET 
C 

1 2 5  CORTIRUE 
1 2 7  CORTIRUE 

C 
C 
C IVOLH A N D  IVOLS ARE ROW CRECKED TO SEE I F  ART VOLOIE CARDS A R B  TO BE 
C READ, OR I F  TRE VOLUHES ARE EVER GOIUG TO BE CHARGED 
C 

I F  (IVOLS*IVOLL EO. 0 )  GO TO 310 
DO 1 2 8  J=l ,RTOST 
I F ( 1 v o L n . n E . o )  IVOL(J)  =o.o 
IF ( I v o L a .  RE.O) OVOL(J)=O.O 
I F  (IVOLS. RE.0) ASVOL ( J )  -0.0 
I F  (IVOLS. NE. 0) OSVOL ( J )  50.0 

IF( IV0LH.  EQ, 3.ARD.IIOLS.EQ. 3) GO TO 2 0 0  
IP(IVOLI.EQ.3.ARD.IVOLS.EQ.O) GO TO 2 0 0  

1 2 8  CORTIRUE 

I F  ( r o o i n .  EQ.O. AND. IVOLS.EQ. 3) GO TO 2 0 0  
C 
C VOLURES ARE NOW READ I N .  TO I I R I O I Z E  THE INPUT CARDS REEDED, THE VOLUIES 
C REED BE SPECIFIED ONLY WRER THE VOLUIE CHIRGES P R O H  TRIT OF TEE 
C PREVIOUS STAGE. 
C 

130 READ(5.2101) ISEC.1, VOLA ,VOLO ,I R D X  
I F  (I .LE.0) I=100 
IF(ISEC.EQ.  1.AUD-IVOLI.EQ.0) G O  TO 1 0 5  
IP(ISEC.EQ.2.ARD.XVOLS.EQ.O) GO TO 105 
I F ( I S E C . E Q . 2 )  GO T O  100 
AVOL ( I )  =VOLA 
OVOL ( I )  = v o L o  
GO To 1 0 5  

1 4 0  ASVOL(I)=VOLA 
OSVOL(1) iVOL0 

l U . 5  I F  (IRDX-EQ. 1) GO T O  130 
C 
C 
C TRE VOLUIES ARE ROW PROPAGATED THROUGR OUT THE COLUON I R  TRE IARRER CHOSEN 
C ALL VOLOOES A N D  FLOWS ARE PRINTED I F  ART CRABGES WERE IADE 
C 

2 0 0  

2 1 0  

2 2 0  

2 3 0  

2 0 0  

2 5 0  

2 6 0  

2 7 0  

2 8 0  

300 
310 

IP(AVOL(1) .EQ.O.O) AVOL(1) = A T ( l )  
IF(OVOL(1)  .EQ.O.O) O V O L ( l ) = O T ( l )  
IF(ASVOL(l).EQ.O.O) A S V O L ( l ) = A T ( l )  
IF(OSVOL( 1) .EQ.O. 0) OSVOL(1) =OT( 1) 
DO 3 0 0  I = l , R T O S T  
J-1-1 
IF(IVOLO.EQ.0) GO TO 2 0 0  

I F  (AVOL ( I ) .  EQ.O.0) AVOL (I) =AVOL(J) 
IP(OVOL(1) .EQ.O.O) OVOL(I) =OVOL(J) 
GO TO 2 0 0  
IP(AV0L (11 .EO.O.OI AVOL I11 =AVOL(J) *OVOL(JI 

G O  TO (2 i0 .220 .230)  , I V O L ~  

. .  
OVOL(I) = ~ V O L ~ I )  * O T ( I ) / ( ~ T . ( I )  +oT’(I))  
AVOL(I)=AVOL(I)-OVOL(1) 
GO To 2 0 0  
AVOL(I)=AT ( I )  
OVOL(1) =DT(I )  
IF (IVOLS. EQ. 0 )  GO TO 2 8 0  
GO To ( 2 5 0 , 2 6 0 , 2 7 0 )  ,IVOLS 
I F  (ASVOL(1) .EQ.O. 0) ASVOL ( I )  = A  SVOL(J) 
I F  (OSVOL(1). EQ.O.0) OSVOL( I )  =OSVOL(J) 
GO To 2 8 0  
IF (ASVOL(1) .EQ.O.O) ASVOL(I)=ASVOL(J)*OSVOL ( J )  
OSVOL(I)=ASVOL (I)*OT ( I ) / ( A T ( I ) + O T ( I ) )  
A S V O L ( I ) = A S V O L ( I ) - O S V O L ( I )  
G O  TO 2 8 0  
ISVOL(1)  = A T ( I )  
OSVOL(I)=OT ( I )  
IF(AVOL(1) .LT.l.OE-O) AVOL(1) 00.0 
IF(OVOL(1)  .LT.l.OE-O) OVOL(I)=O.O 
I F  (ASVOL ( I ) .  LT. 1.OE-0) ASVOL( I )  -0. 0 
IF(OSVOL(1) .LT. 1.OE-0) OSVOL(1) -0.0 
CORTIRUE 
I F  (REWIB+REWOUT*IVOLI*IVOLS. EQ.0) GO TO 000 
PRIRT 1 1 0 6  
PRIRT 1 1 0 7  
PRIRT 1 1 0 8  
D O  3 2 0  P 1 , A T O S T  
PRIRT l l O l , I , A V O L ( I )  ,OVOL(I) .ASVOL(I) .OSVOL(I) . A T ( I )  , O T ( I )  , & ( I ) ,  

- nrri - - . - I  

3 2 0  CORTIRUE 
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C 
C 
C TRIS SECTIOR IRSORES THAT THE PHASES A R E  I R  CRERICAL EQOILIBRIOH 
C BEPORE TIIE ITERATIONS START. THE CHECK I S  DISABLED WHER THE INITIAL 
C PROPILE W A S  CREATED BY THE PROGRAM, OR WHER THE PROPILE WAS PRO4 
C CARDS POACRED ET ?HE P R O G R A R .  
C 

. 

c 
I P  (1PRO.EQ. 0.OR.EQCKDG. EQ. 1.0) GO TO 000 
DO 350 J=l,RTOST 
IV=IVOL IJI tASVOL IJI 

330 

335 

3 4 0  
3u5 

OV=OVOL(Ji +OSVOL(Ji 
DO 3 4 0  KS1.3 
DO 330 I=1,6 
ARY(I)=X(I ,J ,Z)  
I C P O  
TERPC=TPROP (J, 2) 
CALL OCOR 
D O  335 I = i , n s o L o  
IP(ISOL[I).EQ.O) GO TO 335 
X [I,J, 1) =[OV*T (I. J .  2) + L P X  (I. J .2) ) /(AP+CV*DTRI(I)) 
1 [I, J ,  1) =I ( I ,  J ,  2) + ( X  [I ,  J, 2) - X  [I, J . 1 )  )*AV/OV 
I P  (ABS(X(1, J ,1 )  - X l I ,  J, 2) 1 .  GT. 0.01*1 ( I ,  5 .1) )  
X ( I ,J ,Z)=X ( I , J , l )  
Y ( I ,J ,Z)=T ( I , J , l )  
CORTINOE 
IP(ICK.EQ.0) G O  TO 3 4 5  

ICK=l 

cotin noE 
DO 350  K=1,3 
DO 350 L = l ,  1 
ATS[J,K,L) =TPROP[J,l) 
OTS (J,K,L)=TPROP [J, 1 1  
DO 350  I=~.RSOL.U 
XS IJ. K .  1.L) =I (1. J .  11 
TSIJ,K-,I~L) =T(I,J,I) 

350 c o m I n u E  
400 RETORR 

C 
C 

1001 PORRAT(212.8P8-O~IZ) 
1002 PORRAT(8PlO.O) 
1007 PORRAT (14X. 'AQOEOOS ',13,5X,'PROOOCT STREAR REROVED [PLOW RATE I N  

1008 PORRATI 101. *OBGARIC '.13,5X,'PAODOCT SlIlEAH REHOVED (PLOW RATE I N  
.MOLAL OBITS)',3UX,lPE10.3) 

. .  . ROLAL UNITS) ' ,341.lPElO. 3)  
1101 P O R H A T ( B X , I 3 , 2 I . B [ ' ( ' , 2 X , l P E l O . 3 . 2 X ) )  
1106 PORRAT(///rI,*STAGE I',OX,'HIXER VOLORE BY PRASE'.UX,'I SETTLER VO 

.VOLOHE BT PHASE 1',7X,'HIXER PLOS RATE',7X,'l ' ,8X,'I%TEASTAGE PL 
,OW RATE') 

1107 PORRAT(BX.'RO. ' , 4 [ ' 1  AQOEOOS I ORGANIC I ) )  

1108 PORRAT(l3X,8('I ' , lUX)) 
2 0 0 1  POR4AT(212,PB.O.I2) 
2 1 0 1  PORHAT1212.2P8.0.12) . .  

ERD 
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SUBROUTINE CONVRT 
C 
C 
C SUBROUTINE CONVRT PRINTS THE PEED STREAM IUPORRATION, A N D  CONVERTS THE 
C CONCENTRATIONS PROR THEIR ORIGINAL FORM TO THE ROLAL UNITS WHICH ARE 

C 
.C USED I N  THE CALCULATIONS. 

CONRON/CONTRL/ NTOST,NSOLU,CTBP, NEVIN,NE~OUT,SPH,IP~CH,IPAST,IRXN, 

CORRON/CONCS/ X ( 6 , 1 0 0 , 2 )  ,I ( 6 , 1 0 0 , 2 )  , XS ( 1 0 0 , 3 , 6 , 2 )  , I S  ( 1 0 0 , 3 , 6 , 2 )  
CORMON/ROLALC/ A Q ( 6 )  ,OR (6)  ,TERP,CONVA,CONVO,TCONC 
COhRON/S'?REAR/ XPD(6.100)  .TPD(6,100),APDRT(lOO),OPDRT(lOO), 

APDTEll(100) ,OPDTER ( 1 0 0 )  ,ALVRT ( 1 0 0 )  ,OLVRT( 1 0 0 )  
CORMON/TERPS/ TPROP (100.2)  , A T S ( 1 0 0 , 3 , 2 )  ,OTS (100.3.2) 

. DTHETA,IVOLM,IVOLS,IPRO,TERPI,ISOL (6)  ,NSTR,ISTR,JSTR,C9DUR(lOO) 

. 
C 
C 
C I F  NEW INPUT STREAMS HAVE BEEN GIVEN (NEUIA = 1 ) .  T H I S  SECTION PRINTS 
C AND CONVERTS TEEM. 
C 

IP(NEWIN.EQ.0) GO TO 2 0  
PRINT 1 1 0 0  
PRIFFP 1 1 0 1  
DO 1 0  J'1,NTOST 
IP(APDRT(J)+OPDRT(J).EQ.O.O) GO TO 10  
IP(APDRT(J).NE.O.) PRINT 1 O O O . J .  (XPD(1.J) , 1 = 1 , 6 )  ,APDRT(J) ,  

IP(OPDRT(J)  .REO.) PRINT 1001,CTBP,J ,  ( Y P D ( I , J ) , I = l , 6 )  ,OPDRT(J) , 
. APDTER(J) 

. OPDTER(J) 
C 
C 
C CONVERSION TO MOLAR UNITS. 
C 
r 

XFD ( 2 ,  J )  =XPD ( 2 , J )  /238. 
TPD (2.J) =I PD( 2, J )  /238. 
XPD (3.  J ) = X P D ( 3 , J ) / 2 3 9 .  
TPD (3, J )  =TPD (3.5) /239 .  
X P D ( 4 , J ) = X P D ( U , J ) / 2 3 9 .  

DO 5 1 = 1 , 6  
AQ (I) =XPD ( I ,  J )  
OR ( I )  =TPD ( I ,  J )  

TEffP=OPDTER ( J )  

TPD ( 0 ,  J )  ='I PD ( 0 ,  J )  /239 .  

5 CONTINUE 

C 
C 

C 
c SUBROUTINE noLAL CALCULATES THE ROLAR TO UOLAL C o n v E R s I o N  PAROBS. 

CALL ROLAL 
APDRT (J)=APDRT (J)/CONVA 
OPDRT(J) =OPDRT(J) /cONVO 
DO 10 I=l.l?SOLU 
XPD(1. J) =XPD 1I.J) *CORVI 
TPD ( I ,  j =I PD i I J) *C OAV o 

10 CONTINUE 
C 
C 
C I F  AN I R I T I A L  PROFILE HAS BEEN GIVEN ( I P R O  = I ) ,  THIS S E R I O N  
C CONVERTS THE CONCEATRATIOAS AND I N I T I A L I Z E S  TRE SETTLERS- 
C 

20 

2 2  

2 5  
30 

1000 
1001 
1 1 0 0  

ao 

IP(IPRO.EQ.O) GO TO no 
D O  30 J=l ,NTOST 
X (2 . J .  2) = X (  2, J, 2) /238. 
Y ( 2 , 5 , 2 ) = T  (2, J , 2 ) / 2 3 8 .  
X ( 3, J ,a = X  ( 3, J ,2) /2 39. 
Y(3 , J , Z ) = T  ( 3 , 5 . 2 ) / 2 3 9 .  

Y ( Q . J , 2 ) = T ( Q . J , 2 ) / 2 3 9 .  
DO 2 2  I=l,NSOLU 

X ( 0 . J .  2) =X( U , J ,  2) /239. 

A Q ( I ) = X ( I , J , Z )  
O R ( I l  = T ( I ,  5 . 9  
CORTI N U E  
TERP=TPBOP(J,Z) 
CALL ROLAL 
DO 2 5  I=1,6 
A Q  ( I )  = AQ(1) *COW A 
OR ( I )  =OR (I) *CONVO 
DO 2 5  L = 1 , 2  
X ( I ,  J. L) = A Q  ( 1 )  
T ( I , J , . L )  =OR ( I )  
DO 2 5  K=1,3 
X S ( J , L , I , L )  =AQ(I) 
I S  ( J ,K, I .L)=ORfII  
CONTINUE 
CONTINUE 
RETURN 

PORMAT(9X,2PP6.1,' S TBP ' ,13 ,7(QX,  1PE10.3)  .3X,oPP7.1) 
PORRAT('-PEED C PRODUCT STAGE NITRIC ACID U R A N I U R  

P O R R A T ( W ~ ,  'AQUEOUS e.13.7 ( a x , i ~ e i o . 3 ) , 3 r , o P ~ 7 . i )  

.PU ( 1 0 )  Po ( 1 1 1 )  REDUCTANT NITRATE I O N  PLOW RATE . T E I I P ' )  

(C) ' )  

1101 FORRAT(' STREAM DATA NO. (noL/L) (G/U - (G/L) (G/L) (ROL/L) ( n o i n )  ( L m m  

EA 0 
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SOBROOTIRE BOLIL 
C 
C 
C SUBROOTIRE ROLIL PROVIDES THE CORVERSION PACTORS (CORVA, CORVO) BETUEER 
C l l O L I R  AND BOLRL DRITS. IQ IRD OR CORTIIN THE CORCERTEITIONS TO BE 
C CONVERTED. TCONC S I G R I L S  Z B E  ORITS OF THE CORCERTEITIONS BEIRG PASSED. 
C TCORC = -1.0 POR BOLIR CORCENTRATIONS 
C TCORC = 1.0 POR BOLIL CORCERTRITIORS 
C 

COMROR/CORTRL/ N’IUST,RSOLO,CTBP, REWI N, REWOOT ,SPH ,I PNCH, IPAST, I R I  R, 
DTHETI,IVOLR,IVOLS,IPRO,TEllPI, ISOL ( 6 )  ,RSTR, ISTR,  JSTR,CODOM (100)  

COB?!OR/?!OLRLC/ I Q  ( 6 )  ,OR (6) ,TEBP.CORVA,CONVO,TCORC 
P=CTBP 
T13.65145.P 
IP(KORC.EQ.1 .0)  GO TO 5 
OOS=T/(2.0*0.092*Tj 
POOS=T/ (2 . O + O .  18.T) 
ROSsT* ( 1. b 0.00609. (3.9 5-0.0 1 4  O*TER P) ( P** 1.65) ) /( l.O+O .043*T) 
W0=(3.95-0.0100*TEBP) (P**l.65)* (1  . O - O E  (2)/OOS-OR(3)/WOS- 

GO TO 10 

. 

- 0.6S’OR { l  )/.ROS) 

5 wo=(o .  2 - 0 . 0 1 5 * ~ m P )  (p**i . 69 ) *  (T-2.0.0~ (2) - 2 . 0 * 0 ~ ( 3 )  -0.  OR( 1)  )IT 
10 CORVO= l.OtTCONC*(0.097*OR (2) to. 139*OR ( 3 )  *O.O43*OR (1 )  tO.O17U*UO) 

CORVO=CORVO**TCORC 
CORVI=O.O720*IQ(2) tO. l3*IQ (3)  *0.0309*IQ(l)t0.031*IQ(6) 
CORVI= (l.O+TCORC*CORVI) **TCORC 
RETORR 
mD 
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SUBROUTINE STAGES (NDIREC) 
cccccc 
C 
C 
C SUBROWTINE STAGES I S  NOT CORPLICATED, BOT RODIFICATIONS TO I T  SHOULD BE 
C RIDE VITA CARE. I T  EIIPLOIS A FOWAFR ORDER RWNGE-KWTTA 
C INTEGRATION OF THE DIFFERENTIAL EQUATIONS GOVERNING PRE 
C CHANGES I N  CONCENTRATIONS OF THE RIXERS. CERTAIN VARIABLES 
C I R  TAE EQWATIONS ARE APPROXIRATED A 5  CONSTANTS FOR THE 
C T I R E  INTERVAL (AIN E OIN) A N D  DETERRINED B I  RECTANGULAR 
C RETHODS RALF THE TIRES, A N D  BY TRAPEZOIDAL NETHODS TBE 
C OTRER HALF (AS SPECIFIED BY NDYREC). 
C SETTLER CONCENTRATIONS ARE GIVEN B I  TRAPEZOIDAL 
C IIETHODS RATHER T R A N  B Y  THE RUNGE-KUTTA INTEGRATION.. 
C TERPERATURE CHANGES IRE RADE B I  A SIMPLE HEAT 
C BALANCE 
C 
C 
C 
C DESCRIPTION OF VARIABLES 
C F ( 1 )  A N  EVALWATION OF THE DERIVATIVE I N  THE IRTEGRATIOI FOE CORPONENT I 
C P H I ( 1 )  VEIGRTED TOTAL OF THE VARIOWS P ( 1 )  CONPUTED 
C TX(1)  TEST X FOR ITERATION BETUEEA TAB CONCS A N D  THE DISTRIBOTION COEFF 
C A 1 1  I S  THE SOLUTE CORING I N  THE AQUEOUS STREARS 
C O I N  I S  THE SOLWTE CORING I N  THE ORGANIC STREARS 
C A R T  USED I N  SLOE VAT AS TX. SORT OF 
C DTRI TRIAL DISTRIBWTION COEPFICIENTS 
C NDIREC CRLNGES THE STREAR THAT TRE CALCWLATIONS ARE POLLOVING. ONE TIRE,  
C TRE CALCULATIONS WILL START WITH THE FIRST STAGE A N D  GO TO STAGE N 
C (POLLOVING THE AQUEOUS PRASE). THE NEIT T I R E  I T  UILL START W I T H  
C STAGE A ,  A N D  GO TRE OTRER DIRECFIOH.. 
C 
C 
cccccc 

CORIION/CORTRL/ NTOST, NSOLU, IY BP, NEW I N ,  N EVOUT, SPH ,IPNCH ,I?AST, I R X N ,  

CORnON/CONCS/ X ( 6 , 1 0 0 , 2 )  ,I (6 .100 .2)  , X S ( 1 0 0 , 3 , 6 , 2 )  ,IS (100.3.6.2) 
CORRON/DISTRB/ TERPC,ARI(6) , D T R I  (6)  

CORROR/ROLALC/ A Q ( 6 )  ,OR ( 6 )  ,TEIIP,CONVA,COUVO,TCORC 
CORRON/STREAR/ X P D ( 6 , l O O ) , T P D ( 6 , 1 0 0 )  ,APDRT(lDO) ,OFDRT(100) ,  

AFDlER(lO0) .OFDTER(lOO) ,ALVRT(lOO) ,OLVRT(lOO) 
CORRON/TERPS/ TPROF ( 1 0 0 . 2 )  ,ATS (1 00 .3 .2)  ,OTS (100.3 .2)  
CORRON/VOLS/ AVOL(lO0) ,OVOL(lOO) , ASPOL( 100)  .OSVOL(lOO) 
DIRENSION F ( 6 )  . P H I ( 6 )  ,TX(6)  , A I N ( 6 )  , O I N ( 6 )  
ccw=o. 001 

DTHETA , IVOLR , IVOL S ,I PRO, TERPI ,I SOL ( 6 )  , NSTR , I S T  R, JST R, COD0 N  (1 00 ) 

c o a a o r / P L o v s /  ~ ( 1 0 0 )  ,O ( 1 0 0 )  , A T ( I O O )  , O T ( I O O )  

C 
C 
C TCONC = 1.0 FOR TRE VOLURE CONVERSIONS SINCE ROLAL CONCERTRATIOUS ABE PASSED- 
C 

TCONC= 1 .O 
DO 2 I=1,6 

T X ( n  30.0 

O R ( I )  = O . O  
A R T  ( I )  =O. 0 
A I N  11) =O. 0 

P R I ( 1 )  aO.0 
2 CONTINUE 

DO 500 RSCAN=l.NTOST 
J= NSCAN 
IP(ND1REC. LT. 0 )  J=NTOST-NSCAR+ 1 
JJ=J-1 
JJJ=J* 1 
CODUII ( J )  = O  . 0 

P ( I ) = o . o  

A q ( I ) = o . o  

o I n [ ~ ) = o . o  

C 
C ALL OF THIS ' D O  59 LOOP I S  CONCERNED VITH ACCWRULATING TAE APPROXIIATION 
C P O R  THE INPWT CONCERTRATIONS 
C 

DO 5 I= l ,NSOLD 
I F  ( I S O L ( 1 ) .  EQ.0) GO TO 5 

C 
C 
C A D D I R G  THE SOLWTES I R  TAE FEED STREARS 
C 

A I N  ( I )  =AFDR T ( J )  *XFD (I, J )  
OIN ( I )  =OFDRT(J) *IFD ( I ,  J )  

C 
C 
C A D D I N G  TRE AQUEOUS SOLUTE PROII TRE PRECEEDING STAGE. I F  RDIREC I S  
C POSITIVE, TRE PRECEEDIRG STAGE H A S  A VALUE POR TVO POINTS I N  TIRE,  
C SO A TRAPEZOIDAL APPROXIRfiTION I S  USED. 
C 

I F ( J . G T . 1 )  A I U ( I ) = A I R ( I ) * A ( J J ) * X S ( J J , 3 , 1 , 1 )  
I P  (J*NDIREC.GT. 1 )  hIN ( I ) = A I N  (I) ( X S  ( J J , 3 , I ,  2) - I S ( J J  , 3 , 1 , 1 ) )  

A ( J J )  /2. 
C 
C 
C A SIRILAR PROCESS FOR THE ORGANIC SOLWTE FROM THE SDCCEEDIRG STAGE. 
C 

I F  (J.LT. RTOST) OIN(1)  =OIR ( I )  + O ( J J J ) * I S  ( J J J ,  3 , I .  1) 
IF(J.LT.NTOST.ARD.RDIREC.LT.0) O I N ( I ) = O I R ( I ) *  (IS (555 .3 .1 .2) -  

YS(JJJ,3,1,1))*0(JJJ)/2. 
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C 
C I P  NSTR 1 AN ORGANIC STREAO RUST BE TREATED I N  A SPECIAL IARUER. 
C 

IF (RSTR .EQ. 1 .AND.  J. EQ. JSTR)  O I N  ( I )  = O I  N ( I )  * O ( I S T  R )  *TS ( ISTR,  3, I, 1) 
IF(RSTR.EO. 1. AND. J. EQ. JSTR. AND.  NDIREW ( J - I S T R ) .  GT. 0 )  

IF(RSTR.EQ. 1.ARD.J.EQ.ISTR-1) O I R ( 1 )  =OPDRT(J) * T P D ( I , J )  
. O I R ( I ) = O I N ( I ) *  (IS ( ISTR,  3.1.2) -IS ( I S T R . 3 , I .  1 ) )  * O  (1.518) /2. 

C 
C THE PROGRAO P I L L  BOT DEAL PITH SOLUTE FLOSS SIALLER THAN TXIS 
C TRRESHOLD LEVEL. 
C 

I F  (ABS (AIR ( I ) ) .  LT. 1.0E-15) 
I F  (ABS (OIR ( I ) )  . IT .  1.OE-15) 
T X ( I )  = X ( I , J , l )  
A R Y ( I ) = X ( I , J , l )  
AQ (D = X ( I . J ,  1) 
OR ( I ) = T  ( I ,  J . l )  

A I R  (I) -0.0 
O I N ( 1 )  =O.O 

5 CORTIRUE 
C 

C SOLUTE FEEE VOMOES ARE REQUIRED TO CORRECT TRE UNITS OF THE VOLUOES 

C 

c GETTIWG MOLAL v o L o n E s  

c ?Ron R E A L  v o t u m  BRITS TO n o u L  WAITS I n  ORDER TO nAKE THE v*x VALID 

T E O P T P R O F  (J.1) 
CALL n o L n  
A Q V O I . = A V O L ( J ) / ~ ~ R ~ A  
ORVOL=OVOL ( J )  /CORVO 
A QSVOL= ASVOL ( J )  /COW A 
ORSVOL=OSVOL(J) /CONVO 

C 

C 
c T R E  HEIT B m n c E s  A R E  DOUE IU A P A Y  s I n I L A B  TO THE c o n c E m m x o u s  

ARTIR=AFDRT(J) *APDTEO(J) 
OKTIN=OPDRT (J) *OPDTER (J) 
I F  (J.GT.1) ~HTIA=AHTIA+A(JJ)*ATS(JJ,  3 , l )  
IF(J*RDIREC .GT. 1 )  
I P  (J.LT.ATOST) ORTIN=ORTIU*O ( J J J ) * O T S  (555.3 , l )  
I F  (J.LT.RTOST. AND. RDIREC.LT.0) OHTIN=OfiTIR+(OTS(JJJ,3,2)-  . O T S ( J J J , 3 , 1 ) ) * O ( J J J ) / 2 .  
I P  (RSTR.EQ. 1.ARD. J. EQ. ISTR-1)  
T F  (RSTR.EQ. 1.ARD.J. EQ. JSTR)  OBTIN=OHTIR+O(ISTR)*OTS(ISTR.3.1) 
IF (RSTR.EQ. 1 . A R D .  J.EQ. JSTR . A N D .  ROIREC* (J - ISTR)  .GT. 0) 

T P R O P ( J , 2 ) = T P R O P ( J , l )  +DTHETA*(AHTIR*SPA*OHTIR-(AT(J)*SPR*OT(J)) 

AETIR=ARTIA* ( A T S ( J J . 3  '2) -ATS ( J J .  3.1) ) * A ( J J ) / 2 .  

ORTIR=OPDRT (J)*OPDTEO(J) 

. 

. *TPROP ( J . 1 )  )/(LQVOL*SPR*ORVOL) 

ORTIR=OATIR*(OTS ( ISTR.3 .2)  - 0 T S  (ISTR.3.1) ) *O(ISTR)  /2. 

TEIPC=TPROP (J.2) 
C 
C 
C T H I S  BRANCH I S  POR TRE FASTER INTEGRATION IIETHOD. 
C 

ccc 
C 
C 
C 
C 
C 
ccc 
C 
C 
C 

10 
C 
C 
C 

C 
C 
C 

2 0  

C 
C 
C 

C '  
C 
C 

30  

I P  (IPAST. EQ. 1 )  GO TO 150 

T R I S  I S  TRE START OF THE RURGE-KUTTA IRTEGRATIOR 

RCK=O 

GET THE DISTRIBUTION COEFP FROR THE PREVIOUS TIRE 

CALL UCOR 
DO 2 0  I=l.RSOLO 

CALCULATE TRE FIRST DERIVATIVE 

F (I) 5 (AIA (I) * O I R  (I) - (AT ( J )  *OT (J) *DTRT(I) ) * X ( I ,  J,  1) ) / 
(AQVOL*ORVOL*DTRT ( I )  ) 

INCREASE X ( 1 )  B Y  DELTA X /2 

ARI(I)=X(I.J,l)*DTRETA*I(I)~. 
I C  K=RCK* 1 

GETTING A new DTRT P R A  T H E  SLIGATLT L A R G E R  x's 
CALL UCOR 

ITERATIRG TO GET OLTCHING DTRT'S A N D  X'S ( A R T ' S )  

ODEX=O 
00 30 I=l,NSOLU 
I P ( A B S ( A R Y ~ ( I ) ) . I T ' . l . O E - 6 )  GO TO 30 
D I P = A B S ( ( T X ( I )  - A R T ( I ) )  /ART ( I ) )  
IF (DIP-GT. CCD) O D E X = l  
T X ( q  +ART(I)  
rP(ODEX.EQ.l.ArD.OCK.LT.5) GO TO 10 
DO 00 I=l ,RSOLU 
X ( I , J ,  2) = A R T ( I )  

0 0  PHI ( I ) = F ( I )  
C 
C TRIS (OR SIOILAR) PROCESS I S  REPEATED WHILE ACCURULATING PRI'S PO8 TRE 
C PIRAL DETERRIRATIOR OP X LT TRE REP T I R E  
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0 

ti 

'i. 

90 

1 0 0  
105 

. .* 

05 DO 50 J=l ,NSOLU 
P ( 1 ) s  ( A I R ( I ) + O I N  ( I )  -(AT ( J )  +OT(J)  * D T N I ( I ) ) * X ( I , J ,  2 ) )  / 

(AQVOL *ORVOL*DTRY ( I )  ) 
50 ART ( I )  = X ( I ,  J ,  1) +DTAETA+P(I) /2. 

RCK= ICK+ 1 
CALL UCOR 
RDEX=O 
DO 60 I= l ,NSOLU 
I P ( A B S  (ARI(I ) ) .LT. l .OE-6)  GO TO 60 
DIPCABS ((TX (I)-ARY ( I )  ) / A R Y  ( I )  ) 
I P ( DIP. GT. C CD) IDE X= 1 

IP(RDEX.EQ. l.AND.RCK.LT.10) G O  TO 05 
DO 70 I=l.ASOLU 
X ( I , J , 2 ) = A N Y  ( I )  

60 TX(I)=ARY (I) 

70 PHI(I) = P n I ( I )  * ~ . * P ( I )  
75 DO 80 I=l ,NSOLU 

P (I)= (AIR (I) * O I N ( I )  -(AT ( J )  +OT ( J )  *DTRY(I) ) * X ( I , J ,  2 ) )  / . (AQVOL+ORVOL*DTIIT ( I )  ) 
80 LRY ( I )  = X ( I , J , l )  *DTRETA*P(I) 

ICK=RCK+ 1 

.- 
I 

. .  .- 

CALL UCOR 
IDEX-0 

I P  (ABS (ART ( I ) ) . L T .  1.OE-6) GO TO 90 
DIP=ABS ((TX (I)-ARY ( I )  ) / A R I , ( I )  ) 
I F  (DIP. GT.CCD) RDEX=l 
T X ( I ) = A R Y ( I )  
IP(RDEX.EQ.l.AND.MCK.LT.15) GO TO 75 
DO 1 0 0  I=l ,RSOLU 
X ( I , J , Z ) = A R Y  ( I )  

DO 110 I=l.NSOLU 

DO 90 I = i , n s o L u  

P A I ( 1 )  = P A I ( I )  * 2 . * P ( I )  

P ( I ) =  (AIR ( I ) * O I N  ( I )  -(AT ( J )  *OT ( J )  *DTRY ( I ) )  * X ( I , J ,  2)) / 
(AQVOL+ORVOL*DTRY ( I ) )  

1 1 0  ANY(I)~X(I,J,l)*(PRI(I)+P(I))*DTHETA/6. 
RC K=RCKr 1 
CALL UCOB 
RDEXrO 
DO 12C I=l ,NSOLU 
IP(ABS(ARY(I)).LT.l.OE-6) GO TO 1 2 0  
DIP=ABS ((TX ( I )  -ART ( I )  ) / A R Y  ( I )  ) 
IP(DIP.GT.CCD) IDEX=l  

IP(RDEX.EO. l.ANO.RCK.LT.2OI GO TO 105 
1 2 0  TX(I)=ARY ( I )  

~ 0 ' 1 3 0  x = i , n s o L u  
I P  (ABS (ART ( I ) ) . L E .  1.E-20) 
T I I . J . 2 I = D T R I I I ~ * A R Y f I ~  

ART(1) =O.O 
. .  

130 x (I; J; 2j = A R T  (I)  . 
C 
C T H I S  CORPLETES TRE INTEGRATION. A R Y f I I  IPROR STU 1101 BECOMES TRE NW 
C 
C 
C 

ccc 
C 
C 
C 
C 
C 
C 
C 
C 
ccc 

150 
160 

AQUEOUS 
A N D  NOW 

CONCENTRATIONS 
TAE SETTLER VALUES AR E 

. .  . 

CALCULATED WITA A TRA PEZOID AL UETAOD 

GO TO 1 8 0  

T H I S  I S  THE PASTER INTEGRATION RETAOD. I T  I S  VERY SIRILAR TO ONE 
O F  TAE SEGRENTS OP TAE RUNGE-KUTTA INTEGBITION. I T  USES A SIRPLER 
P I N I T E  DIPPERENCE RETAOD T O  EVLLUATE THE CONCENTRATIONS I N  THE 
RIXERS. ALL OTHER CALCULATIONS ARE DONE I N  THE SIRE W A Y  AS ?OR 
TAE RURGE-KUTTA INTEGRATION 

n m = o  
RDEX=O 
CALL UCOR 
DO 170 I=l,NSOLU 
I P ( I S O L ( 1 )  . E Q . O )  GO TO 170 
DVOLS=AQVOL+DTNY (I) *ORVOL 
DPLOS=AT I J )  +OTRY (1) *0T I J )  
X (I, J, 2) 

Y ( I , J , Z ) = X  ( I , J , Z ) * D T R I  ( I )  
IP(ABS(X(I,J,2)).LT.l.E-O9) GO TO 1 6 5  
D I F = A B S ( ( X ( I , J , 2 )  -ART ( I ) ) / I  ( I , J ,  2 ) )  
IP(DIP.GE.CCD) RDEX=l 

(i Q VOL*X ( I ,  J, 1) +OR VOL* Y ( I ,  J, 1 ) +DTRET A*  (AI N ( I )  + O I N  ( I )  - 
(AT(J)  * X ( I , J , l )  *OT ( J ) * I ( I . J ,  l))/2.))/(DVOLS*DTAETA*DFLOS/2.) 

165 A R T ( I ) = X ( I , J , Z )  
170 CONTINUE 

RCK=ICK+l 
IP(RDEX.EQ. l.AND.RCK.LE.20) GO TO 1 6 0  

C 
180 PACTA=O.O 

PAcTo=o.o  
I P ( I R X R . E Q . 0 )  GO T O  185 

C 
C 
C SUBROUTIRE RCRER DEALS WITA ANT CRERICAL REACTIONS OCCURING I N  TRE IIXERS.  
C 

CALL RCAER (J,AQVOL,ORVOL) 
185 CONTINUE 

C 
C 
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IP(AQSVOL.GT.O.0) PACTA=l. 5*AT(J) *DTHETA/AQSVOL 
IP(ORSVOL.GT. 0.0)  PkCTO4.5*OT (3) *OTHETA/ORSVOL 
ATS (J,1,2)=ATS (J, 1.1) +PACTA* (TPROP(J.2) +TPROP (J, 1)-ATS (J, 1,l)) 
ATS (J,1,2)=ATS (J,1,2)/(1. +PACTA) 
OTS(J. 1.2) =OTS(J.l,l) +PACTO*(TPROP(J.Z) +TPROP (J.1) -0TS (J. 1,l)) 
OTS (J, 1,2) = OTS (J, 1,2) /(1. +FACTO) 
DO 200 I=l,NSOLU 
IP(ISOL(1) . E Q . O )  GO TO 200 
CNGIRV-0.0 
IP(X(I,J, 2) +I(I,J, 2) .GT.l. OE-61 CRGI NV= (AVOL(J1 [ X  (I, J, 2) - X  (I.J. 1) 

.) +OVOL (J) (I (I, J. 2) -I (I.J. 1) ) ) /(DTHETA* (AVOL (J) *X (I. J, 2) *OVOL (J) - T (1 J.2) 1 ) 
CNGINV=lOO*RBS (CNGINV) 
CODUl(J) =AOAXl(CODUO (J) ,CNGINV) 
X S  (J,l ,I,2) (XS (J. 1, I. 1) +PACTA* (X (I. J. 2) +I(I,J, 1)- XS(J.1 ,I,l))) / 

IS (J, 1. I, 2) =(TS(J, 1 1.1) +FACTO* (I (I, J.2) *I (I, J, 1 )-IS (J, 1, I, 1) ) ) / 
(1. +PACTA) 

(1 .+PACTTO) 
200 CONTINUE 

KZB-KZ- 1 
ATS(J,KZ,2)~[ATS(J,KZ,l)*PACTA*(ATS(J,KZB,2)+ATS(J,KZB,1)- 

OTS(J.KZ.2) =(OTS(J,KZ,l)+PACTW (OTS(J,KZB,2)+OTS (J,KZB,l)- 

00 300 I=l,NSOLU 
XS(J,I(Z,I,2)~(XS(J,KZ,I,l)+PACTA*(XS (J,KZB,I,2)+IS(J,KZB,I,l)- 

IS(J,K2,1,2)~(1S(J,K2,1,1)+PACT0*(TS(J,K2B,1,2)+IS (J,KZB,I,l) - 

DO 300 KZ=2,3 

. 

. 
ATS (J,KZ, 1)))/ (1. +PACTA) 

OTS (J, K2.1)) ) /  (1. +FACTO) 

. XS (J,KZ. I, 1 ) ) 1 / (1. +PACTA) 

IS (J.KZ.I.1) ) ) / (1. +FACTO) 
300 CONTIRUE 

IP(IRXN.EQ.0) GO TO 500 
C 
C 
C SUBROUTINE SCREl DEALS WITR ANI CREOICAL REACTIONS OCCURIllG IR TRE 
C SETTLERS. THESE REACTIONS A R E  SIOPLER SINCE NO PRASE TRANSFER IS 
C POSSIBLE. 
C 

C 
C 

CALL SCREl (J,AQSVOL, ORSVOL) 

500 CONTINUE 
RETURN 
EWD 
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SUBROUTINE OCOR 
COllROR/CONTRL/ RMST,NSOLO,CTBP,NEPIN,NEPOOT,SPR,IPNCR,IIIST,IRXN, 

DTRETL,IVOLll,IVOLS,IPRO,TE~PI, ISOL ( 6 )  ,NSTR, ISTR,  JSTR,CODOll(lOO) 
COnRON/DISTRB/ TEnPC.ART(6) ,OTRT ( 6 )  

- 
C 
C 
C OCOR RETORRS A VALUE OF TAE DISTRIBOTIOW COEPPICIERT = T/X POR EICR 
C VALUE OP X TRIED 
C 

POTOT=LRT ( 3 )  t k R Y  (4 )  
P=CTBP 

= mr( i )  
o h n  = A R Y ( ~ )  
e m n  =  ART(^) 
SNITR = ART(6) 
IP(OAn.LT.0)  O A R  = 0 .  
IP(POAll.LT.0) POAn = 0. 
I P ( R I n . L T . 0 )  R I l l  = 0 .  
IP(SNITR.LT.0)  SNITR = 0.  

I P ( P O I I I . L T . 0 )  P O I 1 1  = 0. 

I P  (TNn.EQ.O.0) T N I  = 1.0 
TEnPRK = lOOO./(TEllPC t 273.16)  
DRT = TEMPRK - 3.3539 
OK = 3.7*TNn**1.57 t 1.4*TNH**3.9 0.011*TNn**7.3 
O K  = OK*(U.*P**(-O.l7) - 3.) 
POI( = nK*(.20 .55*P1*1.25  t .0074*TWN**2) 
R K l  = 0.135*TNI**0.82 t 0.0052+TNR**3.U4 
I P  (P.LT.1.) A K l  = R K l * ( l .  - 0 . 5 u * E X P ( - 1 5 . * I ) )  
I P  (TEMPC.NE.25.) O K  = OK*EXP(2.5*DRT) 
I F  (TEllPC.NE.25.) POK = POK*EXP(-.2*DRT) 
I F  (TEllPC.NE.25.) A K 1  = RKl*EXP(O.3u*DRT) 
AK2 = A K l  
A = 2.*(OK*OAll * POK*POAll t AK2*HAf!) 
B = RKl*RAll t 1. 

POIII = POTOT - PoAn 

Tnn = m n  2 . * m n  + Z . * P O A I I  t SNITR U.*POIII 

C=-3.65145*CTBP 
IP(A.GE.1.E-6) GO TO 10 
TF=-C/B 
GO M 15 

1 0  CORTINUE 

15 CONTINUE 
T P  = (-a t SQRT(B**2 -U.*A*C) ) / ( 2 . * I )  

D R 1  = AKl*TP 
DE2 = RK2*TP**2 
D R  = D A 1  DR2 

DPO = POK*TP**2 
DTRT(1) = D R  
DTRT(2) = D O  
DTRT(3J = DPO 
DTRT (4)=0.0 
DTRT(5) 1 0 . 0  
DTRT(6)uO.O 

END 

D O  = OK*TP**2 

20 RETURN 

4 

'. J 

. '  .- 
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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 flCREfl (J, AQVOL,ORVOL) 

SOEROUTINE flCHER AANDLES THE CRERICAL REACTIONS I N  THE STSTEN. PRESEN?LY, 
INSTANTAREOOS REOUCTION OF PLOTONIDR, RECUCTION BY U(1V) , A N D  REDOCTION 
ET HYDROI?LARINE A R E  AVAILABLE A S  REACTICNS. TAE SUBADOTINE CAN EASILY 
B E  AtAPTED TO CONSIDER A N Y  INTEGRATED RATE EQUATION, VITA A N Y  DESIRED 
STOICHICnPTRY. 
TRE SOBr3UTINE ASSORES THE REACTION I S  TOTALLY I N  THE AQUEOUS PHASE, BOT 
TART THE SOLUTE I N  TAE ORGANIC PEASE ALSO AIDS I N  RAINTAINING THE 
AQDEODS CONCENTRATION. THE INTEGRATED RATE EQUATION OETERRINES THE 
EXTENT OP REACTION. TAE ROOTINE TREY SPLITS THE RESULTING SOLUTES 
BETWEEN TAE PAASES. 

IRIN INDICATES s n m  REACTION R A T E  IS T O  Be USED. 

A I  I S  T H E  AQuecas c o w o s I T I o n  D S E D  TO D E T E R R I M E  w e  REACTION R A T E  

SOLART I S  THE TOTAL AMOUNT OP SOLUTE I N  ?RE RIIER 
SOLVOL I S  A PSEUDO-VOLURE SO THAT THY SOLUTE IS  ENTIREL? I N  THE AQUEOUS PHASE 

RINAMT IS TAE AROUNT OP REACTED SOLUTE USING SOMP CORPONERT A S  A BASIS 
RK IS A REACTION RATE CORSIANT 
EXTENT ?RE EI'IERT OP REACTIOR, EASED ON THE PRACTION OF 

SOME COMPONERT CONSUMED BY TAE REACTION. 

CORIION/CON T RL/ B TO ST, N  SOLO ,CT EP, NEW I N, I EYODT, SPH , I PN CA , I FA ST,  I R  X N , 
CORROR/COlCS/ 1(6,100,2),Y(6,100,2),XS(1D0,3,6,2),YS~1~0,3,6,2) 
COMROR/DISTRE/ TEHPC.ARY(6) ,DTRY (6) 
CORRON/TERPS/ TPROF(100.2) ,ATS(100,3,2) ,OTS(100, 3.2) 
DIMENSION R X  (61, SOLAHT ( 6 )  ,SOLVOL (6) 
REAL ST01C(6,3)/0.0,0.0,-1-0,1.0,-1.0,0~0. 

DTAETA, IVOLR, IVOL S, I P  RO, TERPI ,I SOL (6)  ,N STR ,I STR, J S T  R, COD0 M ( 1 0 0 )  

2.0.0.5,-1.0.1.0,-0.5.0.0, 
2.0,0.0,-1.0,1.0,-1.c.o.0/ 

I P ( I S O I ( 5 )  .EO.O) G O  TO 300 
DO 10 1-1.6 
SOLART (I)=AQVOL*X(I.J.2)tORVOL*Y ( I .  J.2) 
SOLVOL(I) =AQVOL+DTRY(I)*ORVOL 
RX(I )=X( I , J ,2 )  

GO TO (90 ,80 ,70 ,60 ,50 ,40 ,30 ,2D) , IRXN 
i o  C o t i T I n u e  

20 CONTINUE 
30 CONTINUE 
UO CORTINOE 
50 CONTINUE 
6 0  CONTINUE 

G O  TO 90  
70 CONTIRUE 

IRXN = 3 REACTION BETWEEN F'W(1V) A N D  AYCROXYLARINE 
F O R  = RATIO OF PU(1V) TO REDDCTANT 
R K  = RATE CONSTANT 
EITMAI = R A X I R O R  EXTENT OF REICTION (EASED ON P O  ( IV))  
EXTINC = INCREMENT I R  SEARCH FOR EXTENT 
ARTINT = T A E  INTEGRATED C H A N G E  I n  E X T E N T  (EPOAL TU A I )  

I P  ( R I (  1)  .IT. 1.OE-10. OR. R X ( 3 ) .  LT. 1.OE-1O.OR.RX (5) . IT. 1.0E-10) . G O  TO 90 
POR=SOLAMT (3)/SOLAMT ( 5 )  
TOTNITrRX(1) t2.*RI(2) t U . * R I ( 3 )  +3.*RX (U) t R I ( 6 )  t 0 . 3 3  
RK=l. 7WEXP (31000;/1.987*(1.0/303.16-1.0/ (273.16tTPROP (J, 2 ) )  ) )  
RK=BPRX(3) LDTHETIL (RX ( 5 ) /  (RX (1) *RX (l)*'IOTRIT))**2 .O 
E ITMAI=ARINl (l.O.l.O/FOR) 

THIS  I S  A E I N A R ?  SEARCR FOR THE CORRECT EXTENT OP REACTION 

EXTIRC=O. 25.EXTRAX 
EXTENT=0.5* EITRAX 
E=SOLAMT(3) /SOLVOL(U) 
A = R I ( 4 )  * E  
A l = A * A  
EWWi.8 
CC=WE 

A = l .  O/ (1-0-EXTENT) 
IP(POR.GT.O.01) GO TO 7 2  

00 78 1=1,10 

TRIS  INTEGRLTED PORR ASSURES A LARGE EXCESS OF TAE REDOCTANT 

ARTINT=LA*A*EXTERT-Z. O*BB*ALOG ( A )  +CC*EITENT 
GO TO 76 

72 IP(AES(1.0-POR).LT.0.01)' G O  TO 7 U  

TRIS  INTEGRATED RATE EQUATION I S  THE GENERAL CASE 

B=1 .O-POR*EXTERT 
C=l . O/ (1.D-POR) 
lMTIllT~(FOR-A*EXTENT-FOR/Bt2.O.C*POR*ALCG (L*E)) *AA*C*C 
A MTINT=ARTIRT- 2.O*EE*C* ( P O R O E  ITE NT/E -C* ALOG (A* E) ) -CC. EXTEBT/E 
A!TIRT=-ARTItlT 
GO TO 1 6  

_ -  
L -  

s i  -. 

I 
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C 
C 
C THIS  IRTEGRATED P O R l  ASSORES A STOICHIOlETRIC AlOONT OP REDOCTINT 
C 

7 U  ARTIN?=AA* (A*A*A-1.0)/3.0-88* (A*A--l.O)+CC*(A-l.O) 
1 6  CORTIROE 

I P  (ARTIRT.GT. R K l  EXTERT=EXTERT-EXTIRC 
I P  (Al!TIRT.LT.RK) EXTENT=EXTENT+EXTINC 
EXTIAC=EXTIRC/2.0 

i e  CONTINUE 
RXRAl WEXTE NT*SOLART (3) 
G O  TO 100 

BO CORTINUE 
C 
C 
C I R X R  = 2 REAC?IOR BETWEER PO (IV) AND 0 (IV) 
C R K  = RATE CONSTANT 
C RCO = RATIO OP PO (IV) TO NEOOCTANT 
C EXTlAX = RAXIROll EXTENT BASED ON PO ( IV)  A N 0  A TEN SECOND HALP TINE 
C 

IP(RX(3).LT.l.OE-lO.OR.RX(S).LT. 1.OE-10) GO TO 90 
EXTRAX=ARIN 1 (  1.0,1.0-0.5.* (6.0*DTHETA) ,2.O*SOLAlT(5) /SOLAnT (3) ) 
RX=110.0 
RK=RK*OTRETA*RX(5) 
RCO=SOLART(3)/(2.0*SOLADT (5)) 
RAO=RX (l)*RX (1 )  
REX* 1.OEDO 
I P  (RP(1.0-RCO) . IT .  100.0*RAO) 
EXTERT=RK/ (RK+RRO) 
I P  (ABS (1.0-RCO) .GT.0.05) EXTENT= (1.0-REXP) / (  RCO-REXP) 
EXTEAT=AlIA 1fEXTENT.EXTlAX) 

PEXP=EXP (RK* (1 -0-RCO)/RHO) 

RXAAR'I=SOLART (3) *EXTENT 
G O  TO 100 

90 CONTIROE 
C 
C 
C I R X R  1 INSTATLNEOOS REDOCl'IOR OP PO ( IV)  
C TAIS RECHARITl I S  USED EF ALL REEOCTICN REACTIONS U A E R  THE 
C CONCENTRATIONS PALL BELOW A TARESHAOLD LEVEL 
C 

RXNART=AlIRl (-SOLAlT(3) /STOIC(3, I R X R )  , -SOLART (S)/STOIC(5,IRXR) ) 

SOLART ( I )  =SOL&lT'(I) +RXRAIT*STOIC (I.IRXR) 
IP(SOLAlT(1)  .LT.O.O) SOLART(I)=O.O 
A R T  ( I )  =SOLAIT(I)/SOLVOL(I) 
I F  ISOLAIT I 1  I .  RE. 0.0 I ISOL l I I =  1 

100 DO 110 1=1,6  

I P ~ I S O L  ( I~ .~P.~ .AAD:RSOLO. 'L~.  I )  NSOLO=I 
110 CONTIROE 

C 
C 
C DI(TI0IRG THE RESULTING SOLOTES BETWEEN TEE PRASES 
C 

D O  1 2 5  TTRT=1,5 
ICK=O . 
CALL OCOR 

X  ( I . J .  2)=SOLART(I) /(AQVOL+OTRT (I)*ORVOL) 
IP(ABS(X(1, J ,  2) - A R T  ( I ) )  .GT.O.OOOl.X(I , J  , 2 ) )  
A R T  ( I ) = X ( I ,  5 . 2 )  
IP(X(I ,J ,Z) .LE.l .E-20)  X(I,J,Z)=O.O 

DO 120 I = i , n s o L o  

I C G 1  

1 (I,J,Z)=X(I,J,Z)*DTRF(I) 

1PIICK.EO.OI G O  TO 130 
120 CORTIROE 

125 CORTIIIOE- ' 

30u R E T O R R  
130 c o n T I n o e  

PR D 
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SUBROOTINE SCAEI (J,AQSVOL,ORSVOL) 
C 
C 
C SOBROOTIRE SCAEI WORKS SII ILAR TO ICHEI, BOT THE PRASES A R E  KEPT SEPARATE 

C 
C IRXN INDICATES WHICH REACTION RATE I S  TO B E  OSED. 
C R K  I S  A RELCTION BATE CONSTANT 
C EXTENT = THE EXTEUT OP REIICTIOR, BIISEO ON THE PRACTIOR 0 9  
C SOIE COEPORENT CONSOIEO B Y  THE RELCTION. 
C 
C 
C 

c AT ALL T1ne.s. 

connon/conTBL/ n ~ o s ~ , n s o L u , c T ~ P , n ~ I n , n ~ u o o ~ , s ~ ~ , ~ ~ n c ~ , ~ ~ ~ s ~ , ~ ~ x ~ ,  
. OTAETA,IVOLI,IVOLS ,IPRO,TEIPI,  1501 (6) ,NSTR, ISTR, JSTRICOOOI (100)  
conaoN/corcs/ I (6 .100 .2)  ,T (6,100,2) , X S  (100 ,3 ,6 ,2) ,  1 S (  100,3,6,2) 
COIIOR/TEIPS/ TPROP( 100.2) ,ATS (100.3.2) ,OTS(100,3,2) 
REAL STCICX (6.3) /O .O,O.O,- 1 .0 , l .  0,-1.0,0.0,  

2 . 0 . 0 . 5 , - 1 . 0 , l . O . - 0 . 5 , 0 . 0 ,  
2.0,0.0,-1 .c,1.0,-1 .o,o.o/ 

REAL STOICT (6,3) /Os 0.0.0.0.0.0.0 ,O. O , O . o ,  12*0.0/ 

IP(ISOL(S).EQ.O) GO TO 300 
DO 150 KZ=1,3 
DO 10 I = 1 , 6  
R X  ( I )=XS(J ,KZ*I ,Z)  
RT (4 =TS(J,KZ,I,z) 

GO TO (90 ,80 ,70 ,60 ,50 ,  Uo.30.20) , I R X R  

o I n E n s I o n  R I  ( 6 )  , R Y  (6)  

10 CONTIROE 

20 c o t i T I n o e  

5 0  connnoe 
60 C o n T I n u e  

30 CORTIROE 
UO CONTINUE 

G O  TO 90 
70 CONTIROE 

C 
C 
C IRXN = 3 REACTION BETWEEN PO(1V) A R C  HTCRCXTLAIINE 
C POR = RATIO OP PIJ(1V) TO REOUCTANT 
C RK = RATE CONSTLNT 
C EXTIAX = I A X I I O I  EXTENT OP REACTION (BLSEC OR PO ( I V ) )  
C EXTINC = IRCREIERT I N  SEARCA POR EXTENT 
C AITIRT = TREIIRTEGRATED CHANGE I N  EXTENT (EQOAL TO R R )  
C 

I P  (RX(1). I T .  1 .OE-lO.OR.RX(3). IT. 1.OE-1O.OR.RX ( 5 )  .LT. 1.OE-10) 
G O  TO 90 

FOR=RX (3 ) /RX(5)  
TOTRIT=RX ( 1 )  +2.*RX(2) + U . * R X ( 3 ) + 3 . . R X  (u)+RX(6)  +0.33 
RK= 1.7U*EXP (31000. / l .  9870 (1.0/303.16-1 .O/  (273.16+TPROP (5.2)) ) )  
RK=RK*RX( 3) *OTAETA* ( R X  ( 5 )  / ( R X  (1) * A X  ( 1 )  *TOTUIT) ) * * 2  .O  
EXTRAX=AIIRl (1  .O ,l. O D O R )  

C 
C 
C THIS I S  A BINARY SEARCH FOR THE CORRECT EXTENT OP REACTION 
C 

EXTIRC'O. 25*EXTIAX 
EXTERT=0.5* EXTIAX 
B=RX (3) 
I = R X ( U )  + B  
A A = I * L  
Be=a*B 
cc=B*e 
0 0  78 1=1,10 
A = l  .O/  (1.0-EXTERT) 
IP(POR.GT.O.01) GO TO 7 2  
AsTIRT=AA*A*EXTERT-2.OIEB. ALOG(A) +CC.EXTENT 
GO 10 76 

B=l.O-POR*EITERT 

A ITIRT= V0R-A. EXTENT-POR/B+Z. O*C*POR* ALOG ( N E )  ) AACC'C 
AITIAT=AlTIBT-2.0*BB*C* (POR*EXTERT/B -C*ALOG ( A*B) ) -CC*EXTERT/B 
AITINT=-AITINT 

7 2  IP(ABS(l.O-POR).LT.O.Ol) GO TO 71 

c=i .o/(i.o-Pon) 

GO TO 76 
7 4  AITINT=AA* (A*A*A-l.O)/3.O-BB* (A*A-l.O)+CC*(A-l.O) 
76  cominue 

I P  (AITINT.GT. R K l  EXTERT=EITENT-EXTIRC 
I P  (LIT1RT.LT.RK) EXTENT=EITERT+EXTIRC 
EXTIAC=EITINC/Z.O 

bELlAX=RX(3) *EXTERT 
OELTAT=O.O 
GO TO 100 

78 CORTIROE 
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c 

BO COATIROE 
C 
C 
C I R X A  = 2 REACTION BETWEER PO ( 1 0 )  A N D  0 ( IV)  
C R K  = RATE CORSTANT 
C RCO = RATIO OP PO ( IV)  TO REDOCTART 
C EXTMLX = I I A X I I O I I  EXTENT BASED ON PO ( I V )  A R D  A TEU SECOND RALP TINE 
C 

I F  (RX (3 ) .  I T .  1.OE-10. OR. RX (5 ) .  I T .  1. OE- 1 0 )  GO TO 90 
EXTRAX=AIIRl (1.0.1-0-0. 5**(6.O*DTRETA) , 2 . O * R X ( 5 ) / R X ( 3 ) )  
R K = l l O . O  
RK=RK*DTAETA*RX (5) 
RCO=RX (3)  / (2.O*RX (5) ) 
RRO=RX (1) *R X( 1) 
REXP=l.OEOO 
IP(RK* (1.0-RCO) .LT. lOO.O*RRO) 
EXTEAT=RK/( R K t  RRO) 
IF (ABS (1.0-RCO). G?. 0 . 0 5 )  
EXTElrT=AIIN 1 (EXTERT,EXTIIAX) 
DELTAX=RX( 3) *EXTENT 
DELTAI=O. 0 
GO To 1 0 0  

REXP=EXP( RK*(l .O-ECO) / R R O )  

EXTENT= (1.0-REIP) /(RCO-REXP) 

90 CONTIROE 
C 
C 
C I R X N  = 1 INSTATLREOOS REDOCTIOR OF PO ( I V )  

T R I S  IIECRAAISR IS USED 8T ALL REDOCTION REACTIONS WREN THE 
COACERTRATIORS PALL BELOW A TRRESHROLD LEVEL 

DELTAX=AMINl (-RX(3) /STOICX (3,1RXN),-RX (5 ) /STOICX(S , IRXR))  
DELTAPO. 0 
CORTINOE 
DO 105 I = 1 , 6  
X S ( J , K Z , I ,  2) =XS(J ,KE, I ,Z )  tSTOICX(I , IRXR)*DELTAX 
IS ( J , K Z , I , 2 )  = I s ( J ,  K 2 ,  I, 2 )  t S T O I C I  ( I ,  IRXR)*DELTAI 
I F  (XS (J.KZ. 1 . 2 ) .  LE. 1. E-20)  
I P ( T S ( J , K Z ,  I, 2 )  .LE. l .E-20)  
I F  (XS( J,KZ, I, 2) .RE. 0.0)  ISOL ( I ) = l  
I F  (1s ( J ,KZ,  1 .2 ) .  NE. 0 . 0 )  I S O L ( 1 )  = 1 
I P ( I S O L ( 1 )  .EQ.  1.AND.RSOLO. LT.1) NSOLO=I 
CONTINUE 
CORTIROE 
RETORR 
EAD 

XS (J ,KZ,  I, 2 )  =O.O 
IS ( J , K Z , I  , 2 )  xO.0  

C 
C 
C 

100 

10 5 
150 
300 

. . '  
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SUBROUTINE PRTOOT 
C 
C  
C  PRTOOT CONVERTS THE CORCENTRATIORS PROI THE IOLAL PORI U S E D  BT THE PROGRLM 
C TO TAE MORE COIMON UNITS I N  THE OUTPUT. 111 OBOER TO GET TAE PROPER 
C READIRGS POR TAE POREX S T S T E I ,  THE S O B P R O G R I I  ALSO PRINTS THE PROFILES. 
C  

COIION/CORT RL/ RTOST, NSOLO, CT BP, NEW I N ,  N EIIOOT, SPH, IPRZH, IPAST,  I R X  N, . 0TRETA.IVOLI ,IVOLS,IPRO,TEIPI.ISOL(6) ,RSTR,ISTR, JS?R,COWM ( 1 0 0 )  
coaaos/concs/ X ( 6 , 1 0 0 . 2 )  ,T (6 .100.2)  ,xs (100 .3 .6 .2 )  , T S  (100 .3 .6 ,2 )  
COllMOR/PLOIIS/ A( lO0)  ,O( lOO)  ,AT(lGO) , O T ( 1 0 0 )  
COIION/MOLALC/ AQ(6)  , O R  (6) ,TEIP.CONVA,COIVO,TCONC 
COIllON/STREAM/ XPD(6,lOO) , T P D ( 6 , 1 0 0 )  ,APDRT(100)  ,OPDRT ( l o o ) ,  . APDTEI( lO0)  .OPOTEM(100) ,ALVRT(lOO) .OLVRT(lOO) 
connoN/TEne s/ TPROP ( 1  00.2) ,AT s ( 1  0 0 , 3 , 2 )  .OTS ( 1 0 0 , 3 , 2 )  
DIMENSION AOOT(100) ,OOOT(lOO) 
TCOAC=l.O 
PRINT 1 1 0 1  
PRINT 1 1 0 2  
PRINT 1 1 0 3  
PRINT 1 1 0 4  
DO 20 J = l , N T O S T  
DO 1 0  I= l ,NSOLD 
A Q  (I) = X  (1 .  J 2) 
O R ( I ) = T ( I . J , 2 )  

TEM-TPROP ( J . 2 )  

A D E N =  ( 1 0 0 0 .  -72.4*AQ(2) -130.. (AQ(3)  t A Q  ( 4 ) ) - 3 0 . 9 * A Q  ( 1 ) - 3 l . * L Q ( 6 ) )  / 

1 0  CONTIROE 

CALL n o L u  

( 1 0 0 0 .  / 0 . 9 9 7 0 7 )  *0.39UOQ*AQ(Z) * 0 . 4 9 2 0 2 * ( A Q ( 3 )  *AQ ( 4 ) )  
t o .  06301*AQ (1)  t o .  213*AQ(6)  . 

LOOT ( J )  =AT ( J )  *convA 
000TIJ I=OTfJ I*CORVO 

15 

2 0  

DO 15 i = l , A S O L O  
X( I , J ,Z )=AQ(I ) /CORVA 
T ( I , J ,  2) =OR ( I )  / c O N V o  
COWTIRUE 
X ( 2 .  J ,  2) = X  ( 2, J ,  2) * 2 3 8 .  
T ( 2 , 5 , 2 ) = T ( 2 , 5 , 2 )  *238 .  
X ( 3  ,J ,21=X ( 3 , 5 . 2 ) * 2 3 9 .  
T ( 3 , J .  2) = T ( 3 , J ,  2) * 2 3 9 .  
X ( 0  ,J ,2 )  = X  ( 4 ,  J, 2) *239 .  
T ( 4 , J , 2 ) = T  ( 4 , J , 2 ) * 2 3 9 .  
PRINT 1 O O O . J .  ( X ( I . J . 2 )  , I = 1 , 6 )  ,ADEN,AOOT(J) .TPROP(J ,2 )  
I P ( L L V R T ( J )  .EQ.O.O) GO TO 2 0  

PRINT 1001,J.CORVA 
COATIROE 
PRINT 1 1 0 5  
PRINT 1 1 0 6  
PRINT 1107 
PRIWT 1 1 0 4  
DO 30 J = l , N T O S T  
EXRsO. 0 
E X U = O . O  
EXPO=O. 0 
I P  IAOOT I J1 .  LE. 0.01 GO TO 2 5  

convA=coNv~*A~vm ( J )  

E x A = o o o i ( j )  /AOOT (j) 
I P ( X (  2,J .Z)  .GT.O.O) 
I P  (X(3 . J .2 )  t X  (4 .5 .2) .  GT.0.0) EXPO=EXA*(T(3. J . 2 )  * T ( U ,  J . 2 )  1 / 

I P  (X ( 1, J, 2) .GT. 0.0) EXH=EXR*T ( 1 ,  J , 2 )  / X  ( 1 ,  J . 2 )  
I P  (X (1 .5 .2 ) .  LE.O.0) EXA=O. 0 

EXO=EXA*T ( 2 ,  J , Z ) / X  ( 2 , J , 2 )  

(X(3 . J  , 2 )  *X (''e J v 2 )  1 

2 5  CONTINOE 
ODEW ( 1 0 0 0 .  -17.4*0.29-97.*T(2,  J ,  1)-139. .  (T ( 3 , J , l ) * T ( 4 . J . l ) )  

-43 .  *I (1.  J. 1 )  1 (1.  o t i .  8) / ( ( 1 7 3 . 6 / 2 6 6 . 3 2 *  227.5/170.34*1.8)  . . tT(P,J,l))t.O630l*T(l,J,l) 
*1000 . )  *0.01802*. 2 9 + .  3980U.T (2 ,  J, l ) + .  09202 .  (T ( 3 ,  J, 1 )  

PRINT 1 0 0 0 ,  J. (I (I. J, 2) ,I= 1 , ) )  , E X O ,  EX PO, EXH,ODER , 0 0 0 T  ( J l  ,CODOI ( J )  
IP (OLVRT(J )  .EQ.O.O) GO TO 3 0  
COAVO=OLVRT ( J )  *000T (J) /OT ( J )  
PRINT 1001,J,COAVO 

30 CORTINOE 
RETURN 

1 0 0 0  PORMAT(12X.13.1X.9 ( *  I * , l P E 1 0 . 3 . 1 X ) )  
1 0 0 1  PORMAT(l2X.I3,* 1 PRODUCT STREAM * , 7 0 X , * l  * , l P E 1 @ . 3 , '  1 ' )  
1 1 0 1  PORllAT(5X,'AQOEOOS PRASE') 
1 1 0 2  PORIAT(lOX,'STAGE I NITRIC A C I D 1  O B A R I O M  I PO ( I V )  I PO ( I 1  

- I )  I REDOCTART I NITRATE I O S l  DEESITT 1 MIXER PLOW ITEMPEBATO 
. R E * )  . 

1 1 0 3  F o B n f i T ( i i x , ' n o .  I ( aoL/L)  I ( G / L )  t ( G / L )  I (G/L) . 1 (notf i )  I ( n o i n )  1 '(c/sL) I ( L / ~ I R )  I (CENTIGRLD 
- E )  * I  

1 1 0 0  ? O R M A T ( l 6 X , 9 ( * ( * , 1 2 X ) )  
1 1 0 5  PORIAT(*O O R G A N I C  PRASE') 
1 1 0 6  FORllAT(lOX,*STAGE 1 RITRIC A C I D 1  O R A R I O M  I PO(1V) IO EXTRAC 

.TIOX1 PO EXTRLCT lHR03  EXTBACTI DElSITY I ?LOU RATE I IBVENTOB 
-1 ') 

1 1 0 7  PORIAT( lOX,*  110. 1 (MOL/L) I ( G / L )  I ( G / L )  I FACTO 
. R  I FACTOR I PACTOR I ( c / a L )  I (L /a IN)  I CHARGE ( 
**I * I  

EN 0 
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APPENDIX B. TABLE OF NOMENCLATURE 

I "* Var iab le s  

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

D D i s t r i b u t i o n  c o e f f i c i e n t  

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

K '  Pseudo mass equ i l ib r ium c o n s t a n t  
34- 
3 Kd D i s s o c i a t i o n  cons t an t  f o r  PuNO 

k' React ion ra te  cons t an t  

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

t Time (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 i o n  

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

'I Residence t i m e  

S u b s c r i p t s  

a 

f 

i 

j 
k 

m 

0 

P 

S 

t 

U 

Aqueous phase 

Feed stream 

So lu te  number 

S tage  number 

Zone number 

Mixer 

Organic phase 

Product  stream 

Set t ler  

P o i n t  i n  t i m e  

Uranium 
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