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ABSTRACT 

SEPHIS MOD4, Version 2.11, is a significantly improved and 
enhanced version of the SEPHIS MOD4 calculational model €or 
stagewise Purex and Thorex solvent extraction systems. Version 
2.11 is especially suited for the casual user. All operations 
are carried out on a personal computer and extensive help 
features are included, enabling anyone familiar with liquid- 
liquid solvent extraction processes and personal computer 
operation to quickly become adept in applying the model to data 
analysis, flow sheet development, process monitoring, off-normal 
operational analysis, and studies of process response to changing 
inputs. This manual provides a detailed description of the 
conceptual and mathematical basis of the model and presents the 
programming logic. A listing of the code in BASIC language is 
included. 

vii 





1. INTRODUCTION 

The f i r s t  computer-based c a l c u l a t i o n a l  model f o r  S o l v e n t  
E x t r a c t i o n  Processes Having I n t e r a c t i n g  S o l u t e s  (SEPHIS)  w a s  
developed f o r  t h e  Purex  p r o c e s s  and  p u b l i s h e d  i n  1972 . ’  It  w a s  
spec i f ic  f o r  a d i l u t e  Purex  process a s  appl ied t o  L i q u i d  Metal 
Fast  Breede r  Reactor (LMFBR) f u e l s  and  c o n s i d e r e d  o n l y  a s i n g l e  
e x t r a c t a n t  c o n c e n t r a t i o n  and  t e m p e r a t u r e .  Many improvements t o  
t h e  model w e r e  made i n  s u c c e e d i n g  y e a r s  up  t o  1 9 8 6 .  These  
improvements (1) i n c o r p o r a t e d  new m a s s  d i s t r i b u t i o n  data,  
( 2 )  a l l o w e d  t h e  u s e  o f  v a r i o u s  e x t r a c t a n t  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 ,  ( 3 )  i n c l u d e d  t h e  effects  of i n e x t r a c t a b l e  n i t r a t e  
sa l t s ,  and  ( 4 )  permit ted model ing  o f  t h e  chemica l  r e d u c t i o n  of 
p lu ton ium.  Expansion of t h e  model t o  i n c l u d e  t h e  Thorex p r o c e s s  
a l so  o c c u r r e d  d u r i n g  t h i s  t i m e  path.  

most i m p o r t a n t  of  these permitted c a l c u l a t i o n s  t o  be performed on 
a s o l u t e - f r e e  basis  r a t h e r  t h a n  a molar basis and  improved t h e  
a c c u r a c y  of  model ing  changing  ( t r a n s i e n t )  c o n d i t i o n s .  A l l  of 
t h e s e  m o d i f i c a t i o n s  c u l m i n a t e d  i n  a v e r s i o n  cal led SEPHIS MOD4. 
Some a d d i t i o n a l  de ta i l s  o f  t h e  model e v o l u t i o n  are provided i n  
t h e  SEPHIS User‘s Manual.2 

The new Vers ion  2 . 1 1  of SEPHIS MOD4 p r o v i d e s  a d d i t i o n a l  
enhancements .  One of t h e  most i m p o r t a n t  i s  t h e  a d a p t a t i o n  t o  a 
p e r s o n a l  computer and e x t e n s i v e  u s e r - o r i e n t e d  a ids .  Othe r  
improvements i n c l u d e  an a d d i t i o n a l  n u m e r i c a l  i n t e g r a t i o n  
t e c h n i q u e ,  i n c o r p o r a t i o n  of a d d i t i o n a l  m a s s  d i s t r i b u t i o n  data,  a 
bet ter  model f o r  d e s c r i b i n g  t h e  r e d u c t i o n  o f  Pu(1V) by  
hydroxylamine n i t r a t e  ( H A N ) ,  and  c o r r e c t i o n s  t o  t h e  e s t i m a t i o n  of 
s o l u t i o n  d e n s i t i e s .  

T h i s  manual provides a comple te  d e s c r i p t i o n  of t h e  model, 
i n c l u d i n g  t h e  programming log ic .  It i s  i n t e n d e d  as a companion 
document t o  t h e  SEPHIS User’s Manual.’ 

S i g n i f i c a n t  s t r u c t u r a l  changes  t o  t h e  model w e r e  made. The 
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2 .  CONCEPTUAL AND MATHEMATICAL BASES 

The chemica l  components c o n s i d e r e d  by SEPHIS MOD4, 
V e r s i o n  2 . 1 1 ,  f o r  t h e  Purex  p r o c e s s  i n c l u d e  n i t r i c  a c i d ,  uranium, 
p l u t o n i u m  ( I V )  , p lu ton ium (111) , a p lu ton ium r e d u c t a n t ,  and 
i n e x t r a c t a b l e  n i t r a t e  s a l t s .  F o r  t h e  Thorex p r o c e s s  t h e  
components are n i t r i c  acid,  uranium, tho r ium,  and  i n e x t r a c t a b l e  
n i t r a t e  s a l t s .  Tr i -n -bu ty l  phospha te  (TBP)  i s  t h e  o rgan ic -phase  
e x t r a c t i n g  a g e n t  f o r  b o t h  s y s t e m s .  The o rgan ic -phase  d i l u e n t  i s  
assumed t o  be n-dodecane (NDD) o r  a n  e q u i v a l e n t  kerosene-based  
s u b s t a n c e .  

2.1 STAGE MODEL 

The idea l i zed  stage model shown i n  F i g .  1 i s  used  i n  t h e  
SEPHIS MOD4, Vers ion  2 . 1 1 ,  c a l c u l a t i o n a l  model .  M i x e r - s e t t l e r  
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  are a r r a n g e d  i n  a c o u n t e r c u r r e n t  
a r r a y .  I n  a g i v e n  stage ( j ) ,  aqueous and  o r g a n i c  streams from 
adjacent s t a g e s  (Aj..l and  Oj+l)  a n d / o r  feed streams (Af : j  and  O,,,) 
are w e l l  mixed i n  t h e  mixer  s e c t i o n  w i t h  any l i q u i d  i n v e n t o r y  i n  
t h e  mixer  where a l l  m a s s  t r a n s f e r  between t h e  p h a s e s  t a k e s  place.  
An  e q u i l i b r i u m  c o n t a c t  i s  assumed (;.e., a p e r f e c t  m i x e r ) .  The 
mixed-phase stream t h e n  f lows  t o  a s e t t l e r  t h a t  c o n s i s t s  of  t h r e e  
t a n k s  ( z o n e s )  i n  series.  I n  F ig .  1, t h e  aqueous and  o r g a n i c  
p o r t i o n s  of  t h e  se t t le r  are  shown s e p a r a t e l y .  These t h r e e  zones  
are  of e q u a l  volume and s e r v e  as l i q u i d  ho ldup  r e g i o n s  between 
m i x e r s .  N o  a d d i t i o n a l  m a s s  t r a n s f e r  between t h e  p h a s e s  o c c u r s  i n  
t h e  se t t le r  zones ,  and t h e  c o n t e n t s  of each p h a s e  i n  each zone 
are assumed t o  be homogeneous. Aqueous and  o r g a n i c  streams 
l e a v i n g  t h e  t h i r d  se t t le r  zone p r o c e e d  t o  a d j a c e n t  stages (A, and 
0,) o r  are withdrawn as p r o d u c t s  ( p a , ,  and  Op,,)  . Feed streams can  
be admitted t o  any stage and  p r o d u c t  streams can  be withdrawn 
f r o m  any stage.  A special  r o u t i n g  p r o v i s i o n  i s  t h a t  t h e  e n t i r e  
o r g a n i c  stream can  be withdrawn f r o m  one  stage and  f e d  t o  any  
o t h e r  s tage.  

2.2 CALCULATIONAL METHOD 

The f l o w  of s o l u t e s  t h r o u g h  t h e  model i s  described by 
d i f f e r e n t i a l  e q u a t i o n s .  E m p i r i c a l  c o r r e l a t i o n s  are  u s e d  t o  
d i s t r i b u t e  s o l u t e s  between p h a s e s  (Sec t .  2.3), c o n v e r t  
c o n c e n t r a t i o n  u n i t s  (Sect .  2.4), a c c o u n t  f o r  water e x t r a c t e d  i n t o  
t h e  o r g a n i c  phase (Sect.  2.41, and m o d e l  chemical ( r e d u c t a n t )  
r e a c t i o n s  (Sec t .  2 . 6 )  . 
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Fig. 1. Idealized mclxer-aettler stage m~dnl. 

2.2.1 Mixers 

D i f f e r e n t i a l  e q u a t i o n s  are u s e d  t o  describe t h e  uns t eady-  
s ta te  m a s s  b a l a n c e s  f o r  t h e  m i x e r s  of e a c h  stage.  By r e f e r r i n g  
t o  F ig .  1 and  u s i n g  xi and yi t o  r e p r e s e n t  c o n c e n t r a t i o n s  a f  
component i on a s o l u t e - f r e e  basis i n  t h e  aqueous  and  o r g a n i c  
phase ,  r e s p e c t i v e l y ,  and  u s i n g  V-, and Vmo, t o  r e p r e s e n t  t h e  
aqueous and  o r g a n i c  volumes i n  t h e  mixe r  of  stage j ,  t h e  
d i f f e r e n t i a l  e x p r e s s i o n  f o r  a n  inc remen t  of t i m e  ( t )  i s :  
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+ Af,j Xf,i,j + Of,j Yf,i,j 

For t h e  t i m e  i nc remen t ,  volumes and  f l o w  rates are assumed t o  
be c o n s t a n t .  I n  a d d i t i o n ,  t h e  s o l u t e s  i n  t h e  mixer  are assumed 
t o  be d i s t r i b u t e d  between t h e  p h a s e s  i n  a n  e q u i l i b r i u m  r a t i o  
d e f i n e d  by  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  (Di )  as f o l l o w s :  

D. 1 = y. i , j  1 xi,j - ( 2 )  

S u b s t i t u t i o n  of  t h e s e  s i m p l i f i c a t i o n s  i n  Eq. (1) y i e l d s :  

For  t h e  t i m e  i nc remen t ,  t h e  o n l y  t e r m s  i n  Eq. ( 3 )  t h a t  v a r y  
are xi , , ,  D,, x , , ~ . . ~ ,  and yi, ,+l. Numerical  i n t e g r a t i o n  t e c h n i q u e s  
are used t o  d e t e r m i n e  t h e  v a l u e  of The v a l u e  of D, i s  based 
on t h e  v a l u e  of x,,~ d i s c u s s e d  i n  Sec t .  2 . 3 .  By assuming t h a t  t h e  
r ema in ing  v a r i a b l e s  xi,j-l and  yi,,+l change by o n l y  a s m a l l  amount 
o v e r  t h e  t i m e  i nc remen t ,  r e a s o n a b l e  c h o i c e s  f o r  t he  v a l u e  of 
these variables can be made. 

Three  numer i ca l  i n t e g r a t i o n  t e c h n i q u e s  are available i n  t h e  
code  f o r  pe r fo rming  t h e s e  c a l c u l a t i o n s .  A c c u r a t e  model ing  of 
t r a n s i e n t  c o n d i t i o n s  depends on t h e  c h o i c e  of t h e  s i z e  of t h e  
t i m e  i nc remen t  and  on t h e  numer i ca l  t e c h n i q u e .  T h e  u s e r  s h o u l d  
s p e c i f y  f o r  i n t e g r a t i o n s  a t i m e  i nc remen t  t h a t  i s  no more t h a n  
25% of t h e  mean s t a g e  s o l u t i o n  r e s i d e n c e  t i m e  i f  a c c u r a t e  r e s u l t s  
fo r  t r a n s i e n t  c o n d i t i o n s  are needed .  I f  o n l y  t h e  s t e a d y - s t a t e  
s o l u t i o n  i s  needed, a t i m e  i nc remen t  of 1 min i s  u s u a l l y  
s a t i s f a c t o r y .  

The t h r e e  numer i ca l  i n t e g r a t i o n  t e c h n i q u e s  t h a t  may be 
specif ied f o r  m i x e r  c a l c u l a t i o n s  are (1) Runge-Kutta,  g e n e r a l l y  
t h e  most a c c u r a t e  ( e x c e p t  when chemica l  r e d u c t i o n  of p l u t o n i u m  i s  
o c c u r r i n g ) ,  ( 2 )  T r a p e z o i d a l ,  which w i l l  provide a c c u r a t e  
s t e a d y - s t a t e  r e s u l t s  and  consume somewhat less computer  t i m e  t h a n  
t h e  Runge-Kutta t e c h n i q u e  f o r  t h e  same spec i f ied  t i m e  i n c r e m e n t  
f o r  i n t e g r a t i o n s  b u t  i s  n o t  recommended f o r  t r a n s i e n t  r e s u l t s ,  
and  ( 3 )  F a s t ,  which may produce  a p l u t o n i u m  r e d u c t i o n  p r o f i l e  
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t h a t  d i f f e r s  somewhat f rom p r o f i l e s  g e n e r a t e d  b y  o t h e r  
t e c h n i q u e s .  I n  t h e  F a s t  t e c h n i q u e ,  p l u t o n i u m  i s  r e d u c e d  more 
s l o w l y  b e c a u s e  of t h e  set  of c o n c e n t r a t i o n s  u s e d  t o  c a l c u l a t e  t h e  
r e d u c t i o n  ra te .  When p l u t o n i u m  r e d u c t i o n  i s  o c c u r r i n g ,  however,  
t h i s  i s  t h e  o n l y  recommended t e c h n i q u e  f o r  t r a n s i e n t  r e s u l t s .  

T r a p e z o i d a l  f o r  t h e  s a m e  s p e c i f i e d  t i m e  i n c r e m e n t  €or  
i n t e g r a t i o n s  b u t ,  i n  m o s t  cases, it i s  capable of h a n d l i n g  
r e l a t i v e l y  large t i m e  i n c r e m e n t s  ( 1 0  m i n ) ,  t h e r e b y  p r o d u c i n g  
s t e a d y - s t a t e  r e s u l t s  v e r y  r a p i d l y .  U s e  t h e  i n f o r m a t i o n  i n  
Table 1 as  a g u i d e  when c h o o s i n g  t h e  i n t e g r a t i o n  t e c h n i q u e .  

The F a s t  t e c h n i q u e  w i l l  consume more computer  t i m e  t h a n  t h e  

T a b l e  1. Choice of numerical in tegrat ion  technique 

S t e a d y - s t a t e  r e s u l t s  T r a n s i e n t  r e s u l t s  

I n  t egr a t  i o n  N o  Pu  P I1 N o  Pu PU 
t e c h n i q u e  r e d u c t i o n  r e d u c t i o n  r e d u c t i o n  r e d u c t i o n  

~ ~~ 

Ru nge - Ku t t a 1" N R 

T r a p e z o i d a l  R R N 

F a s t  1 1 1 2  R 

N 

N 

R 

*1 = O p t i o n a l  ( g e n e r a l l y  consumes more computer  time) 
2 = O p t i o n a l  (p lu ton ium p r o f i l e  may be i n  e r r o r )  
R = Recommended 
N = Not recommended 

An i t e r a t i v e  p r o c e d u r e  i s  u s e d  as j u s t  described f o r  e a c h  
component and  €or e v e r y  s tage of t h e  s o l v e n t  e x t r a c t i o n  cascade 
f o r  a g i v e n  t i m e  i n c r e m e n t .  I t  i s  t h e n  repeated f o r  t h e  n e x t  
t i m e  i n c r e m e n t .  The cascade i s  scanned  i n  t h e  opposite d i r e c t i o n  
i n  s u c c e s s i v e  t i m e  i n c r e m e n t s  t o  o f f s e t  any  b ias  i n  t h e  assumed 
v a l u e s  f o r  xi,,-1 and  Y ~ , , + ~  of  E q .  ( 3 ) .  An e x c e p t i o n  i s  t h e  F a s t  
t e c h n i q u e  t h a t  s c a n s  t h e  cascade i n  b o t h  d i r e c t i o n s  d u r i n g  e a c h  
t i m e  i n c r e m e n t .  C a l c u l a t i o n s  c o n t i n u e  f o r  as many t i m e  
i n c r e m e n t s  as n e c e s s a r y  t o  a c h i e v e  t h e  s t e a d y - s t a t e  c o n d i t i o n  
d e f i n e d  by t h e  u s e r ,  u n t i l  manual ly  stopped b y  t h e  u s e r ,  oz u n t i l  
a maximum d e f i n e d  t i m e  l i m i t  i s  r e a c h e d .  

2 . 2 . 2  Settlers 

S i n c e  no m a s s  t r a n s f e r  be tween t h e  p h a s e s  o c c u r s  i n  t h e  
s e t t l e r  zones ,  c a l c u l a t i o n s  mere ly  propagate t h e  mixe r  
c o n c e n t r a t i o n s  t h r o u g h  t h e  se t t lers .  Thus,  a t i m e  d e l a y  i s  added 
between a d j a c e n t  s t a g e  m i x e r s .  D i f f e r e n t i a l  e q u a t i o n s  t o  
describe t h e  u n s t e a d y - s t a t e  m a s s  b a l a n c e s  for t h e  se t t le rs  are 
f o r m u l a t e d  i n  t h e  s a m e  manner as € O K  t h e  m i x e r s  b u t  must  c o n s i d e r  
t h a t  e a c h  s e t t l e r  i s  s u b d i v i d e d  f o r  e a c h  phase i n t o  t h r e e  
equal-volume, p e r f e c t l y  mixed zones .  By r e f e r r i n g  a g a i n  t o  
F i g .  1 and  u s i n g  V,,, t o  r e p r e s e n t  t h e  aqueous  volume i n  t h e  
s e t t l e r  of s t a g e  j ,  t h e  m a s s  b a l a n c e  f o r  component i in zone  k of 
s t a g e  j i s :  
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vsaj dxi,j,k 
= As,j (xi,j,k-l - xi,j,k) 

3 dt 
( 4 )  

where As,j  i s  the  aqueous flow r a t e  through the  s e t t l e r .  A 
s imi la r  equation may be writ ten for  the  organic phase. The 
equations a re  expressed i n  simple f i n i t e  difference form and 
solved by the  use of the  Trapezoidal technique. 

2.3 DISTRIBUTION COEFFICIENT CORRELATIONS 

The d i s t r ibu t ion  coef f ic ien ts  t h a t  appear i n  Eq. (3)  a r e  
calculated by using correlat ions based on aqueous-phase 
concentrations and developed from laboratory equilibrium 

2.3.1 Purex Process E q u i l i b r i u m  D a t a  Correlation 

The following chemical reactions a re  assumed t o  apply t o  
Purex  process extract ions:  

U022+ + 2 NO3- + 2 TBP = U02(N03)2*TBP , ( 5 )  

( 6 )  
- 

PU4+ + 4 NO3 + 2 TBP = Pu(N03)4*2TBP , 

(7) 
- 

H+ +  NO^ + TBP = H N O ~  .TBP , 

H+ + NO3- + 2TBP = HN03.2TBP . (8) 

Pseudo-mass-action equilibrium expressions (having embedded 
a c t i v i t y  coeff ic ient  r a t i o s )  f o r  these react ions a re :  

[UOZ (NO3) 2 2TBP] - K'U - 
[U022+] [TBPI2 

[ PU (NO?) 2TBPl 
- 1  - KIP - 

[Pu4] [N0,-l4 [TBPI2 ' 

[HN03*2TBP] - 
[H+] [NO3-] [TBPI2 

K'H2 - 

(9) 
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where b r a c k e t s  [ I  r e p r e s e n t  molar c o n c e n t r a t i o n s .  These  are  u s e d  
t o  d e f i n e  t h e  f o l l o w i n g  parameters: 

[U02 (N03) 2 * 2TBP] 
KU = K'U [NO3 - 2  1 I 

[ U02 2+] [ TBP] 

[ PU (N03) 4 * 2TBP] 
Kp = = K'p [NO3 - 4  1 I 

[Pu4+] [TBPI2 

[HNO-, . TBP] 

= KVH2 [NO3-] . - 
[H+] [TBPI2 

KH2 - 

E m p i r i c a l  e q u i l i b r i u m  e x p r e s s i o n s  f o r  uran ium and  n i t r i c  acid 
w e r e  d e r i v e d  a t  1 0 0 %  TBP and  2 5 ° C  as  f o l l o w s :  

1.57 + 1.4 n 3 - 9  + 0.011 n I (17 )  7 . 3  * Ku = 3.7 n 

I (18) 
KH1 * = 0.135 n o e 8 2  + 0.0052 n 3.44 

f -  *. 
KH2 - KH1 

where n i s  t h e  t o t a l  n i t r a t e  i o n  c o n c e n t r a t i o n  e x p r e s s e d  as :  

n = h + 2 u -t 2 pu + 4 pu3 + s . 
The o t h e r  variables are described as  f o l l o w s :  

h = n i t r i c  acid c o n c e n t r a t i o n ,  

u = uranium c o n c e n t r a t i o n ,  

pu  = p lu ton ium (IV) c o n c e n t r a t i o n ,  

pu, = p l u t o n i u m ( I I 1 )  c o n c e n t r a t i o n ,  

s = 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 .  

T h e  e m p i r i c a l  e q u i l i b r i u m  e x p r e s s i o n  f o r  p l u t o n i u m  was d e t e r m i n e d  
t o  be a f u n c t i o n  of t h e  uran ium c o n s t a n t  as f o l l o w s :  
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(21) K p  * = Xu * (0.20 + 0.55 F + 0.0074 n2) I 

where F i s  t h e  TBP c o n c e n t r a t i o n  e x p r e s s e d  as a volume f r a c t i o n .  

be tween volume f r a c t i o n  and  m o l a r i t y  fol lows.  I f  T = moles of TBP 
per l i t e r  of o r g a n i c  s o l u t i o n  ( M o l a r i t y ,  M) and  F = l i t e r s  of TBP 
D e r  l i t e r  of o r g a n i c  s o l u t i o n  (volume f r a c t i o n ) ,  t h e n :  

Development of t h e  c o n v e r s i o n  f a c t o r  f o r  TBP c o n c e n t r a t i o n  

T = (1000 F p )  / M I ( 2 2 )  

where p i s  t h e  TBP d e n s i t y  and  M i s  t h e  TBP m o l e c u l a r  w e i g h t .  
S i n c e  p = 0.9725 g/cm3 and  M = 266 .3  g/mol [based on t h e  fo rmula  
( C A I  ,PO41 I 

T = [(lOOO) (0.9725) / 266.31 F = 3.65145 F . (23) 

Adjus tment  f a c t o r s  f o r  TBP 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  
d i f f e r i n g  f rom 1 0 0 %  and  2 5 ° C  are: 

I (24) XU = Ku* (4 F-0017 - 3) e 25007 

I (25) * -2007 
Kp = Kp (4 F-0*17 - 3) e 

(1.0 - 0.54 ,-I5*) ~2~~~~ I (26) 
* 

K H 1  = KH2 = KH1 

where 

T = [l. / (t + 273.16)] - [l / 298.161 (27) 

and  t i s  t h e  t e m p e r a t u r e  i n  " C .  
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 x e  d e f i n e d  as: 

[U02(N03)2'2TBP] 
= Ku [TBP] 2 I 

[u0,2+1 
% =  

[ PU(N03) 4 * ZTBP] 
Dp = = Kp [TBPI2 I 

[ PU4+] 
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[HN03*2TBPJ 
2 = KH2 [TBP] - 

EH+I 
DH2 

The uncomplexed, o r  f ree  TBP c o n c e n t r a t i o n ,  i s :  

[TBP] = [TBP], - 2 [UO2(NO3)2*2TBP] 
- 2 [ P u ( N O ~ ) ~ . ~ T B P ]  - [HN03.TBP] 
- 2 [HN03.2TBP] , 

where [TBP], i s  t h e  o r i g i n a l  molar c o n c e n t r a t i o n  of TBP. 
S u b s t i t u t e  E q s .  ( 28 )  t h r o u g h  (31) i n  E q .  ( 3 2 ) .  

[TBP] = [TBP], - 2 KU [U022+] [TBPI2 
- 2 Kp [Pu4+] [TBPI2 - KH1 [H'] [TBP] 

- 2 K H ~  [H'] [TSPl2 . ( 3 3 )  

For s i m p l i f i c a t i o n ,  t h e  f o l l o w i n g  variable s u b s t i t u t i o n s  are 
made : 

u = [U0,2+] H = [H'] 

P = [PU4+] T = [TBP] 

By r e a r r a n g i n g :  

2 T2 [ICu U + KP P f KHz H] + T [I I- KH1 H] = T, , ( 3 4 )  

which i s  of t h e  form: 

a x 2 + b x + c = 0  , 
where 

x = T,  b = 1 + KHIH,  

a = 2 [ K , U  + %E' + &,HI, c -I --To. 

S i n c e  t h e  s o l u t i o n  f o r  x i s  [-b + (b2 - 4 a c ) ~ . ~ ]  / ( 2  a)  : 
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T =  
4 (KU U + Kp P + KH2 H) 

I f  e x p r e s s e d  on  a s o l u t e - f r e e  basis, volume changes  can  be 
n e g l e c t e d .  Only t h e  p o s i t i v e  r o o t  of E q .  (35) i s  used  b e c a u s e  
n e g a t i v e  v a l u e s  o f  T r e s u l t  f rom t h e  n e g a t i v e  r o o t .  

The method f o r  d e t e r m i n i n g  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 s  as 
f o l l o w s  : 

1. Assume s o l u t e - f r e e  c o n c e n t r a t i o n  v a l u e s  f o r  U,  P ,  and  H. 

2 .  C a l c u l a t e  K' v a l u e s  f rom E q s .  ( 1 7 )  , (18), (19), and ( 2 1 )  

3 .  C a l c u l a t e  K v a l u e s  f rom E q s .  ( 2 4 ) ,  ( 2 5 ) ,  and  ( 2 6 )  . 
4 .  S o l v e  f o r  T i n  E q .  ( 3 5 ) .  

5 .  S u b s t i t u t e  v a l u e s  i n  Eqs. ( 2 8 )  t h r o u g h  (31) where t h e  D 
v a l u e s  are  on a s o l u t e - f r e e  bas i s .  

T h i s  ma themat i ca l  development i s  t h e  basis f o r  t h e  SEPHIS 
MOD3' model. C o n s i d e r a t i o n  of a la rger  body of e q u i l i b r i u m  da ta  
f o r  t h e  SEPHIS MOD4 model l ed  t o  t h e  improvements shown i n  t h e  
e q u a t i o n s  t h a t  f o l l o w .  Although n o t  r i g o r o u s  from a t h e o r e t i c a l .  
p e r s p e c t i v e ,  t h e  e q u a t i o n s  o f f e r  an  improved f i t  t o  t h e  l a r g e r  
body of data .  Many of t h e  c o e f f i c i e n t s  p r e s e n t e d  p r e v i o u s l y  w e r e  
m o d i f i e d :  

E q .  2 0 :  n = h + 2 u + 2 p u + 2 p u 3 + s  , ( 3 6 )  

E q .  17 :  KU* = 1.130 [ 3 .7  n1*57 + 1.4 n3-' + 0.011 n7'3 I , (37 )  

( 3 8 )  

* [  Eq. 2 1 :  Kp* = KU 0.135 + 0 . 1 2 2 1 1 3  ( F  / 0.3)o.746 - 3'91 

+ 0.010 n2] , 

E q .  25 :  Kp = Kp* [I F-''l7 - 3 e-8oo . (39) 1 
Consequent ly ,  t h e  f o l l o w i n g  method i s  u s e d  i n  SEPHIS MOD4, 

Vers ion  2 . 1 1 ,  f o r  d e t e r m i n i n g  d i s t r i b u t i o n  c o e f f i c i e n t s .  
C a l c u l a t e  t h e  t o t a l  n i t r a t e  u s i n g  E q .  ( 3 6 ) .  Make t h e  f o l l o w i n g  
c o n v e r s i o n :  

E q .  2 7 :  1000 T = [lo00 / (t + 2 7 3 . 1 6 ) ]  - 3.3539 = T' . (40) 

S u b s t i t u t e  E q .  ( 3 7 )  i n  E q .  ( 2 4 ) :  
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1 K~ = 3 . 7  n 1 * 5 7  + 1 . 4  n3s9  + 0.011 [ 
[4F'O-17 - 31 ( 1 . 1 3 0 )  .2'5 '' . 

S u b s t i t u t e  E q .  ( 3 8 )  i n  E q .  ( 3 9 ) :  

Kp = KU 0 . 1 3 5  + 0 . 1 2 2 1 1 3  ( F  / 0 . 3 ) ' ~ ~ ~ ~  - 3 * 9 1  * [  

S u b s t i t u t e  E q s .  (18) and ( 1 9 )  i n t o  E q .  ( 2 6 ) :  

1 0 . 1 3 5  n o . 8 2  + 0 . 0 0 5 2  r ~ ~ ' ~ ~  

S o l v e  f o r  t h e  q u a d r a t i c  e q u a t i o n  c o e f f i c i e n t s :  

a = 2 ( K u  U + Kp P + KH2 U) , 

b = l + K H I H  , 

0 .  
C = - T  

S u b s t i t u t e  E q s .  ( 4 4 )  t h rough  ( 4 6 )  i n  E q .  ( 3 5 ) :  

T = [-b + (b2 - 4 a C ) O e 5 ]  / ( 2  a)  . ( 4 7 )  

Then u s e  t h e  r e s u l t  f r o m  E q .  ( 4 7 )  i n  E q s .  ( 2 8 )  t h r o u g h  (31) : 

( 4 9 )  Dp = Kp T2 , 

For  a v e r y  d i l u t e  s y s t e m  where t h e  v a r i a b l e ,  a, i n  E q ,  ( 4 4 )  i s  
t h e  o n l y  n i t r i c  a c i d - T B P  complex c o n s i d e r e d  i s  HNO,.TBP. 

For  t h i s  case: 
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(54) T (1 + KH1 H) = To , 

T = To / (1 + KH1 H) or -c / b . ( 5 5 )  

Extensive tabular listings and three-dimensional graphs of Purex 
distribution coefficients are reported in ref. 6. 

2.3.2 Thorex Process Equilibrium Data Correlation 

The following chemical reactions are assumed to apply to 
Thorex process extractions: 

Th4+ + 4 NO3- + 3 TBP = Th(N03)4.3TBP , ( 5 6 )  

- 
U022+ + 2 NO3 + 2 TBP = U02(N03)2.2TBP , ( 5 7 )  

H+ + NOj- + TBP = HNOJ.TBP . ( 5 8 )  

Pseudo-mass-action equilibrium expressions (having embedded 
activity coefficient ratios) €or these reactions are: 

[ U O ~ ( N O J ) ~ . ~ T B P ]  
KIU = 

[U022+] [NO3-I2 [TBPI2 ' 

where brackets [ I  represent molar concentrations. These 
equilibrium constants have been correlated at 25°C with the ionic 
strength, z :  

z = [H+] + 3 [UOZ2+] + 10 [Th4+] . (62) 

The correlations are: 

K'Th = C1 + C2 z + c3 z2 + c4 23 , 

~i~ 
= c5 + c6 z + c7 z2 + c8 ,3 , 

KIH = Cg + Cl0 z + Cll z2 + C12 z3 . 
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where C, t h r o u g h  C,, are e m p i r i c a l  c o e f f i c i e n t s ,  A c u b i c  e q u a t i o n  
i s  s o l v e d  f o r  TBP, n o t i n g  t h a t  d i s t r i b u t i o n  c o e f f i c i e n t s  are 
d e f i n e d  as fo l lows:  

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

[uo22+1 
% =  

[ HN03 . TBP] 
= X I H  [NO3-] 

[H+l 
DH = -- 

The uncomplexed, o r  f r e e  TBP 

N0-,-l4 [TBPI3 , 

NO3-I2 [TBPI2 , 

[TBP] . 

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

[TBP] = [TBP], - 3 [Th(N03)4.3TBP] - 2 [U02(N03)2.2TBP] 

- [HN03.TBP] , 

where [ T B P ] ,  i s  t h e  o r i g i n a l  molar  c o n c e n t r a t i o n  o f  TBP. 
S u b s t i t u t e  E q s .  (66) t h r o u g h  ( 6 8 )  i n  E q .  ( 6 9 ) :  

[TBP] = [TBP], - 3 [KIT, [Th4+] [NO,-]4 [TBF']3] 

- 2 [K'u [U022+] [NO3-I2 [TBPI2] - X I H  [Hf] [NO3-] [TBP] . 

For  s i m p l i f i c a t i o n ,  t h e  f o l l o w i n g  v a r i a b l e  s u b s t i t u t i o n s  are  
made : 

u = [UO22+] R = [Th4'] 

H = [H'] T = [TBP] 

N = [NO,-] 

T3 [3 KIT,, R N4] + T2 [2 XIU U N2] + T [l + K'H H N] - To = 0 - 
T h i s  i s  o f  t h e  form: a x3 + b x2 + c x + d = 0 , 
where 

x = T, 

a = 3 K t T h  R N4, 

b = 2 K t U  U N2, 

c = 1 + K r H  H N,  

d = - - T  
0. 

The N t e r m s  are t o t a l  n i t r a t e ,  d e f i n e d  as :  
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(72) N = 4 R + 2 U + H .  

A f i n i t e  d i f f e r e n c e  method i s  used  t o  s o l v e  t h e  cubic  
e q u a t i o n .  Adjus tments  f o r  t e m p e r a t u r e s  o t h e r  t h a n  2 5 ° C  are  m a d e  
as  fo l lows .  L e t :  

where t i s  t h e  t e m p e r a t u r e  i n  " C .  L e t  D' be 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  a t  2 5 O C : 

(77) C = 891.664 + 879.688 R - 1474.38 R2 . 

A check  f o r  t h i r d - p h a s e  f o r m a t i o n  i s  when [Th"] i s  greater  t h a n  
t h e  v a l u e  o f  t h e  f o l l o w i n g  e x p r e s s i o n ,  where T i s  t h e  t e m p e r a t u r e  
i n  "C and H i s  [H'] : 

[0.04311727 - 0.00003317647 (T - 55.03183)2 + 0.36719 (H - 0.3455787)2]0.5 

2 . 4  CONCENTRATION UNIT CONVERSIONS 

The SEPHIS MOD4, Vers ion  2 . 1 1 ,  c o m p u t a t i o n a l  model p e r f o r m s  
c a l c u l a t i o n s  on a s o l u t e - f r e e  basis s o  t h a t  v a r i a t i o n s  i n  
v o l u m e t r i c  f low rates and phase  volumes from changes  i n  s o l u t e  
c o n c e n t r a t i o n  can  be i g n o r e d .  Molar c o n c e n t r a t i o n s  are  d e f i n e d  
as moles  of s o l u t e  per u n i t  volume o f  s o l u t i o n .  Mola l  
c o n c e n t r a t i o n s  are u s u a l l y  d e f i n e d  as moles  o f  s o l u t e  per u n i t  
m a s s  of s o l v e n t .  The volume of  a s o l u t i o n  v a r i e s  w i t h  s o l u t e  
c o n c e n t r a t i o n  and  w i t h  t e m p e r a t u r e .  S i n c e  t h e  m a s s  of s o l v e n t  
r ema ins  c o n s t a n t ,  stagewise c a l c u l a t i o n s  are  s i m p l i f i e d  b y  u s i n g  
m o l a l  u n i t s .  Feed and  p r o d u c t  stream data, however, are  u s u a l l y  
g i v e n  i n  molar  u n i t s .  

Molal  c o n c e n t r a t i o n s  may a l s o  be e x p r e s s e d  as moles  of 
s o l u t e  per u n i t  volume of s o l u t e - f r e e  s o l v e n t .  U s e  o f  t h i s  
a l t e r n a t e  d e f i n i t i o n  does  n o t  i n t r o d u c e  a s i g n i f i c a n t  e r r o r  s i n c e  
c o n t a c t o r  t e m p e r a t u r e  v a r i a t i o n s  o v e r  a s i n g l e  t i m e  i n c r e m e n t  are 
v e r y  s m a l l .  For  t h e  p u r p o s e s  of t h i s  r e p o r t ,  t h e  a l t e r n a t e  m o l a l  
basis i s  d e s c r i b e d  as t h e  s o l u t e - f r e e  basis .  

The r e l a t i o n s h i p  b e t w e e n  s o l u t e - f r e e  (m) a n d  molar  (M) u n i t s  
i s  as  f o l l o w s :  

rn = moles of solute/L of solvent = L of so lu t ion  
X m o l e s  o t  solute/L o t  solution L o r  solvent 
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and  t h e  c o n v e r s i o n  between u n i t s  may be c a l c u l a t e d  from 
(1) s o l u t i o n  d e n s i t y ,  s o l v e n t  d e n s i t y ,  and  s o l u t e  c o n c e n t r a t i o n s  
o r  ( 2 )  s o l u t e  m o l e c u l a r  volumes and  s o l u t e  c o n c e n t r a t i o n s .  An 
e q u a t i o n  t o  c o n v e r t  molar t o  s o l u t e - f r e e  u n i t s  i n  t e r m s  o f  
s o l u t i o n  and  s o l v e n t  d e n s i t i e s  i s  as  f o l l o w s :  

.... p z  
M 

m =  , 
n 

x= 1 
Psoln - c M, mwx / 1000 

where 

P s o l n  = t h e  d e n s i t y  of t h e  s o l u t i o n ,  

P L  = t h e  d e n s i t y  of t h e  s o l v e n t ,  

M, and mw, = t h e  m o l a r i t i e s  and molecu la r  w e i g h t s  of t h e  
s o l u t e s ,  r e s p e c t i v e l y .  

Conver se ly ,  t h e  c o n v e r s i o n  from s o l u t e - f r e e  t o  molar  u n i t s  i s :  

P so ln  
M =  , 

n 

x= 1 
pz + C mx mwx / 1000 

where t h e  m, v a l u e s  are s o l u t e  c o n c e n t r a t i o n s  on a s o l u t e - f r e e  
bas i s .  

volumes as  f o l l o w s :  
S i m i l a r  e q u a t i o n s  may be o b t a i n e d  i n  t e r m s  of m o l e c u l a r  

._. -.... . ._ M 

n 
1.0 - C Vx M, 

x= 1 

m =  , 

m 
M =  I 

n 

x= 1 
1.0 + c vx mx 

(79) 

where t h e  V, v a l u e s  are t h e  m o l e c u l a r  volumes of t h e  s o l u t e s .  
The m o l e c u l a r  volumes used  i n  SEPHIS MOD4, V e r s i o n  2 . 1 1 ,  are 
l i s t e d  i n  Table 2 .  
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T a b l e  2. Molecular volumes used in 
SEPHIS MOD4, Version 2.11 

Molecular volume 
(mL/mol) * 

Aqueous Organic 
Substance phase phase 

uo;! (NO,);! 72.4 9 7 . 0  
PU (NO,) 4 130.0 139.0 

HNO, 30 .9  43,O 
Other NO3- 31.0 

HZO 

- 

17.4 
273 .6  

227.5 

- 
- TBP 

NDD - 

*From ref. 10, temperature = 25'C. 

Substitution of the appropriate values from Table 2 into Eq. ( 8 0 )  
will yield a conversion factor for units conversion. For the 
aqueous phase of the Purex process: 

1.0 ma - =  , 
Ma 1.0 - 0.0724 U, - 0.13 Pu, - 0.0309 Ha - 0.031 Sa 

where U, Pu, H, and S are molarities of uranium, plutonium, 
nitric acid, and inextractable nitrate salts, respectively. By 
letting u, pu, h, and s represent solute-free basis 
concentrations, Eq. (81) becomes: 

- -  - 1.0 + 0.0 '724 Ua + 0.13 pu, + 0.0309 ha + 0.031 sa . ma 

Ma 

For the organic phase of the Purex process: 

1.0 
- -  - m 0  

I 

M, 1.0 - 0.097 U, - 0.139 PU, - 0.043 H, - 0.0174 W, 

where W is the water concentration in the organic phase. By 
using solute-free concentrations: 

m0 - -  - 1.0 + 0.097 Uo + 0.139 PU, + 0.043 h, + 0.0174 W, 
MO 

. 
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S i n c e  t h e  m o l e c u l a r  volume data are  a t  2 5 ° C  (see Table 21, t h e  
u n i t  c o n v e r s i o n  e q u a t i o n s  are n o t  e x a c t  f o x  t e m p e r a t u r e s  v e r y  
d i f f e r e n t  f r o m  2 5  "C. 

The v a l u e s  f o r  W, a n d  w, are c a l c u l a t e d  as follows:' 

W, = (3.95 - 0.0144 t) 

r 

where t h e  s u b s c r i p t s ,  o s ,  refer t o  m o l a r  c o n c e n t r a t i o n s  r e q u i r e d  
t o  s a t u r a t e  t h e  o r g a n i c  phase. The v a l u e  of T is t h e  m o l a r i t y  of 
TBP i n  t h e  o r g a n i c  p h a s e  d e f i n e d  by E q .  ( 2 2 ) ,  F i s  t h e  volume 
f r a c t i o n  of  TBP i n  t h e  o r g a n i c  p h a s e ,  a n d  t i s  t h e  t e m p e r a t u r e  i n  
"C. S a t u r a t i o n  v a l u e s  are d e f i n e d  as  follows:9 

0.5 T 

1.0 f 0.046 T 
I U O S  = 

0.5 T 
Pu,, = I 

1.0 f 0.09 T 

T [1.0 - 0.00609 (3.95 - 0.0144 t) F1.65] 
1.0 - 0.043 2' 

HOS = 

For t h e  Thorex  process, no c o n c e n t r a t i o n  u n i t  c o n v e r s i o n s  h a v e  
b e e n  d e v e l o p e d .  Consequen t ly ,  t h e  SEPHIS MOD4, V e r s i o n  2 . 1 1 ,  
model  assumes  t h a t  molar a n d  s o l u t e - f r e e  basis c o n c e n t r a t i o n s  are  
i d e n t i c a l  f o x  t h i s  process.  

2 . 5  DENSITY DATA CORRELATION 

The f i n a l  hard-copy p r i n t o u t  of r e s u l t s  f r o m  SEPHIS MOD4, 
V e r s i o n  2 . 1 1 ,  c a l c u l a t i o n s  f o r  t h e  P u r e x  process i n c l u d e s  
es t imates  f o r  aqueous-  a n d  o r g a n i c - p h a s e  d e n s i t i e s  i n  e a c h  stage 
of t h e  c o n t a c t o r .  These  a re  c a l c u l a t e d  by  combin ing  Eqs. ( 7 9 )  
a n d  (81 )  : 

1.0 f c v, m, 
x= 1 
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S i n c e  t h e  m o l e c u l a r  volume data are a t  2 5 ° C  (see Table 2 ) ,  
t h e  r e s u l t i n g  s o l u t i o n  d e n s i t y  v a l u e s  are o n l y  v a l i d  a t  2 5 ° C .  
Based on  E q .  (91), aqueous-phase  s o l u t i o n  d e n s i t i e s  are estimated 
as follows: 

0.99707 + 0.39404 u, + 0,49202 pu, + 0.06301 ha + 0.2131 sa 

1.0 + 0.0724 u, + 0.13 pu, + 0.0309 ha + 0.031 sa 
Pa = (92) 

where  pz = 0 . 9 9 7 0 7 ,  t h e  d e n s i t y  of water a t  2 5 ° C .  Organ ic -phase  
s o l u t i o n  d e n s i t i e s  are estimated as fol lows:  

p,, + 0.01802 wo + 0.3904 uo + 0 .49202  pu, + 0 . 0 6 3 0 1  h, 
Po = , 

1.0 + 0.0174 wo + 0.097 uo + 0 . 1 3 9  pu, + 0 .043  h, 

where  w, i s  a s  d e f i n e d  by  Eq. (871 ,  pzo i s  

mwNDD 
F + -  (1 - F) m w ~ ~ ~  

P,, = - 
VTBP V~~~ 

( 9 3 )  

(94) 

a n d  F i s  t h e  volume f r a c t i o n  o f  TBP i n  t h e  o r g a n i c  p h a s e .  

process. 
S o l u t i o n  d e n s i t y  data a re  n o t  estimated f o r  t h e  Thorex  

2 . 6  CBEMICAL REDUCTION OF PLUTONIUM (Pu) 

I n  t h e  P u r e x  p r o c e s s ,  t h e  r e d u c t i o n  of p l u t o n i u m  [ I V )  t o  
p l u t o n i u m  (111) can  be modeled by SEPHIS MOD4, V e r s i o n  2.11, as 
a n  i n s t a n t a n e o u s  r e d u c t i o n ,  r e d u c t i o n  by  u ran ium ( I V ) ,  o r  
r e d u c t i o n  by HAN. The chemical r e a c t i o n s  are assumed t o  o c c u r  
e n t i r e l y  w i t h i n  t h e  aqueous  p h a s e .  They may o c c u r  i n  t h e  m i x e r ,  
i n  t h e  aqueous  p o r t i o n  of t h e  se t t le r  zones ,  or  both,  d e p e n d i n g  
on  t h e  t i m e  c o n s t a n t  of t h e  r e a c t i o n  a n d  t h e  r e l a t ive  q u a n t i t i e s  
of r e a c t a n t s .  

2.6.1 Instantaneous Reduction of Pu(1V) 

The assumed reac t ion  i s :  

Pu4+ + Reductant = pu3' . (95) 

O f  t h e  i n i t i a l  s o l u t e  q u a n t i t i e s  (SOLAMT,,,), i f  W i s  t h e  q u a n t i t y  
of Pu(1V) p r e s e n t  a n d  WW i s  t h e  q u a n t i t y  of r e d u c t a n t  p r e s e n t ,  
t h e n  t h e  amount of Pu(1V) r e d u c e d  (RXNAMT) w i l l  be t h e  s m a l l e r  of 
W or  WW. The s o l u t e  amounts  a f t e r  r e a c t i o n  (SOLAMT,,,) w i l l  be a s  
follows : 

(96) SOLAMT2,i = SOLAMT1,i + (RXNAMT) (STOICi) . 
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For HNO,, i = 1, STOIC, = 0 For Pu(III), i = 4, STOIC, = +1 
u, i = 2, STOIC, = 0 Reductant, i = 5, STOIC, = -1 
Pu(IV), i = 3, STOIC, = -1 N i t r a t e ,  i = 6, STOIC, = 0 

2 a 6 . 2  Reduction of Pu (IV) by U (IV) 

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

2 Pu4+ + U4' + 2 H20 = 2 Pu3+ + U022+ + 4 H+ , ( 9 7 )  

w i t h  t h e  f o l l o w i n g  r a t e  e q u a t i o n :  

-d[Pu(IV)] / dt = k '  [U(IV)] [Pu(IV)] / [HNO3l2 , ( 9 8 )  

where  t h e  r a t e  c o n s t a n t  (k') i s  1 7 0  Mlmin. The n i t r i c  ac id  
c o n c e n t r a t i o n  i s  assumed t o  be c o n s t a n t .  T h e r e f o r e ,  

The e x t e n t  of r e a c t i o n  ( E )  i s  d e f i n e d  as  f o l l o w s :  

where t h e  s u b s c r i p t s  1 a n d  2 r e f e r  t o  t h e  c o n c e n t r a t i o n s  a t  t h e  
b e g i n n i n g  a n d  e n d  of a t i m e  i n c r e m e n t ,  r e s p e c t i v e l y .  From 
Eq. ( l o o ) ,  

[PU(IV)]2 [PU(IV)]1 (1 - E) (101) 

The maximum e x t e n t  of r e a c t i o n  (Emax) i s  l i m i t e d  by t h e  amount 
of r e d u c t a n t  p r e s e n t ,  by a r e a c t i o n  h a l f - t i m e  o f  1 0  s,  o r  b y  t h e  
amount of Pu(1V) p r e s e n t .  

From s t o i c h i o m e t r y ,  t h e  maximum e x t e n t  l i m i t e d  by r e d u c t a n t  
i s  : 

FKom t h e  10 - s  h a l f - t i m e ,  t h e  maximum e x t e n t  i s :  

E,,, = 1.0 - 0.56t , 

where t i s  t i m e  i n  m i n u t e s .  I f  t h e  q u a n t i t y  of Pu(1V) i s  
l i m i t i n g :  

Emax = 1.0 . 
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Case I - Stoichiometric Ratio of Reactants 
For a stoichiometric ratio of reactants: 

[U(IV)] = [PU(IV)] / 2 . 

This condition remains throughout the time increment. 
Eq. (105) in Eq. (99) and form the integral. 

Substitute 

By integrating: 

Substitute E q s .  (100) and (101) in Eq. (109): 

Substitute Eq. (105) in Eq. (110) and solve for E: 

E 170 
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E q .  (112) i s  coded as S ta t emen t  3950 (MCWEMP) o r  as S t a t e m e n t  
4 8 0 0  (SCHMEP) i n  t h e  model: 

where RK and  RHO are e q u i v a l e n t  t o  1 7 0  [ U ( I V )  (t2 - tl) and 
[ HNO,] 2. 

Case IT - General Solution 

For r e a c t a n t  ratios t h a t  are n o t  s t o i c h i o m e t r i c ,  t h e  
a n a l y s i s  b e g i n s  w i t h  E q .  ( 9 9 ) .  For  s i m p l i f i c a t i o n ,  t h e  f o l l o w i n g  
v a r i a b l e  s u b s t i t u t i o n s  are made: H = [HNO,] , U = [U(IV) ] , and 
P = [Pu(IV)]. R e w r i t i n g  E q .  ( 9 9 )  : 

dP 170 
U d t  . __ 

I 

P H2 

From r e a c t i o n  s t o i c h i o m e t r y :  

u l - u -  ( P 1 - P )  / 2  , 

(113) 

(314)  

U = Q U 1 + P / 2  , (115) 

where Q = 1 - P, / ( 2  Ul). FOK t h e  s t o i c h i o m e t r i c  case (Case I ) ,  
Q = 0 and U = P / 2 .  For t h e  g e n e r a l  c a s e ,  Eq. (115) appl ies .  
By s u b s t i t u t i n g  E q .  (115) i n  Eq.(113): 

dP - - -?  - [QUl+: ]  d t  . (116) 
P H2 

By r e a r r a n g i n g :  

---E dP I [ Q U I + : ]  , 
dt H2 

dP 170 Q 170 

- - -  dt - P I T u l + - P ]  2 H2 . 

Rear range  again,  and  form t h e  i n t e g r a l .  
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- dP 
= I d t .  

P [170 Q U1 / H2 + 170 P / (2 H2)] J 
J P1 i' t 1 

By i n t e g r a t i n g :  

By r e a r r a n g i n g :  

(t2 - tl) * 
(340 Q U1 + 170 P i )  P2 

(340 Q Ul + 170 P2) 

From t h e  d e f i n i t i o n  of Q :  

By s u b s t i t u t i n g  Eqs. ( 1 0 1 )  a n d  (122)  i n  E q .  ( 1 2 1 )  a n d  r e d u c i n g :  

or 

or 

170 Q U1 (t2 - tl) / H2 
1 - e  

Eq. (125)  i s  coded as S t a t e m e n t  3 9 6 0  (MCHEMP) o r  S t a t e m e n t  4 8 1 0  
(SCHEMP) i n  t h e  model :  

EXTENT = (1 - REXP) / (RCU - REXP) 
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where 

REXP i s  e q u i v a l e n t  t o  el7' 't2-t1' ' H2, 
RCU i s  e q u i v a l e n t  t o  (1 - Q )  a 

The t e s t  made i n  S t a t e m e n t s  3 9 6 0  o r  4 8 1 0  is e q u i v a l e n t  t o  
compar ing  t h e  a b s o l u t e  v a l u e  of Q t o  0 . 0 5 .  For  v a l u e s  
- 0 . 0 5  < Q € +0.05, a s t o i c h i o m e t r i c  r a t i o  of r e a c t a n t s  .is 
assumed.  The value of EXTENT ( E )  i s  l i m i t e d  by E,,,, just 
d i s c u s s e d .  

by  u s i n g  E q .  ( 9 6 )  a n d  t h e  f o l l o w i n g  v a l u e s  for STOIC, :  

For HNO,, i = 1, STOIC, = t2 For  P u ( I I I ) ,  i = 4, STOIC, = +1 
U, i = 2, STOIC, = +0.5 Reduc tan t ,  i = 5 ,  STOIC, = - 0 . 5  
P u ( I v ) ,  i = 3, STOIC, = -1 N i t r a t e ,  i = 6, STOIC,  = 0 

The s o l u t e  amounts  a f t e r  r e a c t i o n  (SOLAMT,,,) are c a l c u l a t e d  

2.6.3 Reduction of Pu ( I V )  by Hydroxylamine N i t r a t e  (HAN) 

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

2 HAN + 2 Pu4+ = 2 Pu3+ + N2 + 2 H20 + 4 H+ , 

w i t h  t h e  f o l l o w i n g  r a t e  e q u a t i o n :  

where t h e  r a t e  c o n s t a n t  ( k ' )  i s  0.029 M5/s a t  3 0 ° C ,  a n d  t h e  
d i s s o c i a t i o n  c o n s t a n t  (Kd) i s  0 . 3 3  M. The a c t i v a t i o n  e n e r g y  i s  
31 kcal./M. Consequen t ly ,  t h e  ra te  c o n s t a n t  varies w i t h  
t e m p e r a t u r e  ( t )  as  f o l l o w s  : 

k' = (0.029) (60) e' . 

where 

31000 1 1 
' = ' -  - -  -. 

1.987 303.16 273.16 + t ! 
a n d  t i s  i n  " C .  The e x t e n t  o f  r e a c t i o n  ( E )  i s  d e f i n e d  f r o m  
E q .  (100). The maximum e x t e n t  (Emax) i s  l i m i t e d  b y  t h e  amount of 
r e d u c t a n t  o r  by t h e  amount of Pu(IV) p r e s e n t .  The maximum e x t e n t  
l i m i t e d  by r e d u c t a n t  i s  : 

I f  t h e  q u a n t i t y  o f  Pu(1V) i s  l i m i t i n g :  
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Let the term F be defined based on the ratio of P u ( 1 V )  to HAN at 
the beginning of a time increment as follows: 

F = 1 - [ P u ( I V ) I 1  / [HANI1 . ( 1 3 2 )  

Assume constant acid and nitrate concentrations. For 
simplification, use the following variable substitutions: H = 
[H+], P = [ P u ( I V ) ] ,  S = [ P u ( I I I ) ] ,  R = [ H A N I ,  and N = Kd + [NO,-]. 
Also, define K as: 

dP P2 R2 
Rewriting Eq. (127) : - - = K -  

dt S2 

From reaction stoichiometry yields: 

and 

S - S 1 = P 1 - P  . (3.361 

Substitute Eq. (132) in Eq. (135) and rearrange: 

Substitute E q s .  (136) and (137) in Eq. (134), then rearrange and 
form the integral. 

dP P2 ( F  R1 + P ) 2  
K - - =  

d t  (S1  + P I  - P I 2  ' 

p2 

= K  i' d t  . (S1  + PI - P ) 2  d P  

( F  R1 + P ) 2  P2 J - I  J P1 t 1 

( 1 3 9 )  

N o t e  that for a stoichiometric ratio of reactants, F = 0. Cases 
to be considered include the stoichiometric ratio, a large excess 
of HAN, and the general case. 
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Case I - Stoichiometric Ratio of Reactants 

becomes : 
For a s t o i c h i o m e t r i c  r a t i o  of r e a c t a n t s ,  F = 0 a n d  Eq. (139) 

J 
P1 

By i n t e g r a t i n g :  

1 1  

S u b s t i t u t e  Eq. (101) i n  E q .  ( 1 4 1 )  a n d  r e a r r a n g e :  

r 1 

+ P12 

S i n c e  F = 0 ,  f rom Eq. 
R,. By making t h i s  s u b s t i t u t i o n  i n  Eq. ( 1 4 2 )  : 

(132) n o t e  t h a t  [Pu(lV)I, = [ H A N I , ,  or P, = 

1 
~ __  

(1 - E ) 2  
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In the model, Eq. (143) is coded as Statements 3790 and 3660 
(MCHEMP) or Statements 4640 and 4510 (SCHEMP): 

AMTINT = AA * (A"3 - 1) / 3 - BB * (A"Z - 1) + CC * ( A  - 1) 

RK = (1.74 * EXP (31000 / 1.987 * (1 / 303.16 - 1 / (273.16 + 
TPROF(J,2))))) * RX(3) * DTHETA * (RX(5) / (RX(1)"Z * TOTNIT))"2 

where AMTINT is equivalent to the left-hand side of Eq. (143) and 
RK is equivalent to the right-hand side of Eq. (143). Other 
equivalencies are: 

A = 1/(1 - E) RX(1) = H  
AA = ( S ,  + P i ) *  RX ( 3 )  = P, 
BB = PI(S1 + P1) RX (5)  = R1 
cc = P,2 TOTNIT = N  
DTHETA = t, - t, TPROF(J,2) = Temperature ("C) 
EXTENT = E 

A binary search is used to determine the value of E. 

C a s e  X I  - L a r g e  E x c e s s  of Hydroxylamine N i t r a t e  (HAN) 

Eq. (134) is: 
For a large excess of HAN, R can be considered constant and 

dP P2 

dt 52 
- - =  K R 2 - .  

By substituting Eq. (136) in Eq. (144): 

dP P2 - - -  - K R2 
dt (S1 + P1 - P ) 2  - 

Rearrange and form the integral: 

( 1 4 4 )  

( 1 4 5 )  

By integrating: 

= K R2 (t2 - tl) . 
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(F R1 + P)' P2 J 

S u b s t i t u t e  E q .  (101) i n  E q .  (147)  a n d  r e a r r a n g e :  

= K P1 R2 (t2 - tl) . 

I n  t h e  model, E q .  (148)  i s  coded  as S t a t e m e n t s  3730 a n d  3660 
(MCHEMP) OK S t a t e m e n t s  4580 a n d  4510 (SCHEMP): 

ANTINT = AA * A * EXTENT 2 * BB * LOG ( A )  + CC * EXTENT 

RK = (1 .74  * EXP (31000 / 1 . 9 8 7  * (1 / 303.16 - 1 / (273.16 t 
TPROF(J,2))))) * RX(3) * DTHETA * (kX(5) / (RX(1)^2 * TOTNIT))^? 

where AMTINT i s  e q u i v a l e n t  t o  t h e  l e f t - h a n d  s ide  of E q .  (148)  and 
RK i s  e q u i v a l e n t  t o  t h e  r i g h t - h a n d  si.de of E q .  ( 1 4 8 ) .  O t h e r  
e q u i v a l e n c i e s  are:  

A = 1 / (1 - E) RX(1) = EI 
AA = ( S ,  + P I ) ,  RX ( 3 )  = P, 
BB - P, (SI + PI) RX (5 )  = R  
cc = P,2 TOTNIT = N  
DTHETA = t, - t, TPROF (J, 2) = Tempera tu re  ( " C )  
EXTENT = E 

- 

A b i n a r y  s e a r c h  i s  u s e d  t o  d e t e r m i n e  t h e  v a l u e  of E .  

Case I11 - General Solution 

F o r  a g e n e r a l  s o l u t i o n ,  t h e  a n a l y s i s  b e g i n s  w i t h  E q .  (139), 
repeated h e r e :  

P, 

-1; 

S i n c e  R, = P, / (1 - F) : 

(SI + PI - P)2 dP 
I 
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By i n t e g r a t i n g :  

wh,ere f = F / (1 - F ) ,  S u b s t i t u t e  Eq. (101) i n  Eq. (151) a n d  
r e a r r a n g e :  

1 - F  E + F - l ]  
+ -  

1 - E + E F  1 - E  

(PI + 

F2 

2 (PI + (1 - F) 1 - E + E F - In 
F3 1 - E  

2 (Pi + Si) P1 1 .. E + E F 
- In = K P1 R12 (t2 - tl) . 

F2 1 - E  

F u r t h e r  r e a r r a n g e m e n t  y i e l d s :  
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E 1 - F  2 (1 - F) 1 - E + E F (P1 + J F2 

l - F - - - - - - -  f - In -. 
1 - E  1 - E + E F  F 1 - E  

2 Pi ( P i  + Si) 1 l - E + E F  E PI2 
In I" I - 

I - E + E F  F 1 - E  l - E + E F  
+ 

F 

I n  t h e  model, E q .  (153)  i s  coded as S t a t e m e n t s  3 7 7 0  and  3660 
(MCHEMP) o r  S t a t e m e n t s  4620  and  4 5 1 0  (SCHEMP). 

AMTINT = - ( ( F O R 1  - A * EXTENT - FORl / E3 + 2 * C * FOR1 * LOG 
(A * B ) )  * AA * C A 2 )  + 2 * BB * C * (FOR1 * EXTENT / B 
- C * LOG ( A  * B ) )  + CC * EXTENT / B 

RK = ( 1 . 9 4  * EXP (31000 / 1 .987  * (1 / 30.3.16 - 1 / ( 2 7 3 . 1 6  + 
TPROF(J,2))))) * RX(3) * DTNETA * (RX(5) / ( R X ( 1 ) " 2  * T O T N I T ) ) " 2  

where AMTINT i s  e q u i v a l e n t  t o  t h e  l e f t - h a n d  s ide of E q .  ( 3 5 3 )  and 
RK i s  e q u i v a l e n t  t o  t h e  r i g h t - h a n d  side o f  Eq. ( 1 5 3 ) .  O the r  
e q u i v a l e n c i e s  are:  

A = 1 /  ( 1 - E )  DTHETA = t Z  - t, 
B = l - E + E F  EXTENT = E  
C = l / F  R X ( 1 )  = H  
AA = (PI -t S,)* RX(3) = P, 
BB = PI (PI -4- SI) RX(5) = R, 
cc = P,2 TOTNIT = N  
FORl == 1 - F TPROF (3,2) = Tempera ture  ( "C) 

A b i n a r y  s e a r c h  i s  used  t o  d e t e r m i n e  t h e  v a l u e  o f  E .  
The tes t  made i n  S t a t e m e n t s  3720 o r  4 5 7 0  i s  e q u i v a l e n t  t o  

e v a l u a t i n g  F = -1, i n d i c a t i n g  a large e x c e s s  of  r e d u c t a n t .  The 
tes t  m a d e  i n  S t a t e m e n t s  3750 OK 4 6 0 0  d i rec ts  t h e  r o u t i n e  t o  u s e  
e i t h e r  t h e  g e n e r a l  s o l u t i o n  o r  t h e  s t o i c h i o m e t r i c  s o l u t i o n  ( i f  
F = - 0 ) .  The v a l u e  o f  E i s  l i m i t e d  by  E,,, j u s t  d i s c u s s e d .  

b y  u s i n g  E q .  ( 9 6 )  and t h e  f o l l o w i n g  v a l u e s  f o r  STOIC,: 

For HNO,, i = 1, STOIC,  = +2 For P u ( I I I ) ,  i = 4,  STOICl = +1 
u, i = 2 ,  STOIC, = 0 Reductant, i = 5 ,  STOICS = -1 
Pu(IV), i = 3, STOIC, = -1 Nitrate, i = 6,  STOIC,  = 0 

The s o l u t e  amounts a f t e r  r e a c t i o n  (SOLAMT,,,) are c a l c u l a t e d  
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2 .6 .4  Test of the Plutonium Reduction Models 

The s o u r c e  code t h a t  models  p l u t o n i u m  r e d u c t i o n  by  U(1V) or  
by  HAN w a s  tested €or  r e l i a b i l i t y .  The p r imary  o b j e c t i v e s  were 
(1) t o  e v a l u a t e  whether  o s c i l l a t o r y  b e h a v i o r  might  o c c u r  and 
( 2 )  t o  examine t h e  t r a n s i t i o n  between t h e  v a r i o u s  cases described 
i n  t h e  p r e c e d i n g  s e c t i o n  ( t h e  g e n e r a l  s o l u t i o n ,  t h e  s o l u t i o n  for 
a s t o i c h i o m e t r i c  r a t i o  of r e a c t a n t s ,  and  t h e  s o l u t i o n  for a large 
e x c e s s  of H A N ) .  O s c i l l a t i o n s  were e v i d e n t  i n  p r e v i o u s  v e r s i o n s  
of SEPHIS MOD4. 

examined f o r  combina t ions  of t h e  f o l l o w i n g  s o l u t e  c o n c e n t r a t i o n s :  
[HNO,] = 0.01 ,  0 . 2 ,  and  5 . 0  M; [U(VI)l = 0 ,  lo-', and 1 0 0  g / L ;  and 
[ P u ( I V ) ]  = l o p 7 ,  and  3 0  g / L .  

The e x t e n t  of r e a c t i o n  was c a l c u l a t e d  f o r  a w i d e  r a n g e  o f  
r e a c t a n t  r a t i o s  [ P u ( I V ) / U ( I V ) ]  u s i n g  a 1-min r e a c t i o n  t i m e  and  a 
t e m p e r a t u r e  of 3 0 ° C .  The c a l c u l a t i o n s  were made by u s i n g  t h e  
same s o u r c e  code s t a t e m e n t s  as found i n  subprograms MCHEMP and 
SCHEMP of SEPHIS MOD4, Vers ion  2 . 1 1 .  F i g u r e s  2 t h r o u g h  4 
i l l u s t r a t e  t h e  v a r i a t i o n  of t h e  e x t e n t  of r e a c t i o n  w i t h  t h e  
r e a c t a n t  r a t i o  f o r  t h e  c o n d i t i o n s  t es ted .  The amount of U(V1) 
p r e s e n t  w a s  found t o  have no e f f e c t .  A smooth t r a n s i t i o n  t h r o u g h  
t h e  r e g i o n  of t h e  s t o i c h i o m e t r i c  r a t i o  w a s  e v i d e n t .  

For t h e  r e d u c t i o n  of p lu ton ium by HAN, t h e  s a m e  2 7  cases were 
examined a t  t h e  same c o n d i t i o n s .  F i g u r e s  5 t h r o u g h  1 0  i l l u s t r a t e  
t h e  v a r i a t i o n  of t h e  e x t e n t  of r e a c t i o n  w i t h  t h e  r e a c t a n t  r a t i o .  
F o r  t h e  HAN r e d u c t i o n ,  t h e  amount of U(V1) p r e s e n t  d id  make a 
d i f f e r e n c e  when lower  n i t r i c  a c i d  c o n c e n t r a t i o n s  were u s e d .  
Smooth t r a n s i t i o n s  t h r o u g h  t h e  r e g i o n  of t h e  s t o i c h i o m e t r i c  r a t i o  
and  w i t h  t h e  r e g i o n  of e x c e s s  r e d u c t a n t  w e r e  found.  However, t h e  
t r a n s i t i o n  from g e n e r a l  s o l u t i o n  t o  i n s t a n t a n e o u s  r e d u c t i o n ,  
which o c c u r s  a t  v e r y  l o w  c o n c e n t r a t i o n s  of Pu(1V) i n  t h e  presence 
o f  even  lower HAN c o n c e n t r a t i o n s ,  w a s  f r e q u e n t l y  a step 
f u n c t i o n .  T h i s  d i s c o n t i n u i t y  i s  c o n s i d e r e d  of l i t t l e  impor t ance  
i n  a prac t ica l  problem. 

For  t h e  r e d u c t i o n  of p lu ton ium by U(IV), 27 cases were 

2 . 7  APPROXIMATIONS AND ASSUMPTIONS 

1. 

2. 

Solute concentrat ions i n  the contactor  change r a t h e r  s l o w l y .  
Approximations made t o  n u m e r i c a l l y  i n t e g r a t e  t h e  d i f f e r e n t i a l  
e q u a t i o n s  become m o r e  e x a c t  i f  c o n c e n t r a t i o n s  change  s l o w l y ,  
By s p e c i f y i n g  a small t ime- increment  ( s i g n i f i c a n t l y  less t h a n  
t h e  mean stage r e s i d e n c e  t i m e )  o v e r  which i n t e g r a t i o n s  are  
performed, t h e  errors are minimized .  T h i s  a s sumpt ion  does 
n o t  a p p l y  when o n l y  steady-state r e s u l t s  are desired. 

Stage volumes and f l o w  r a t e s  remain cons tant .  S i n c e  real 
l i q u i d  s o l u t i o n s  behave i n  a n o n i d e a l  manner ( i . e . ,  f l o w  
ra tes  and  volumes v a r y  w i t h  s o l u t e  c o n c e n t r a t i o n s ) ,  SEPHIS 
MOD4 performs c a l c u l a t i o n s  on a s o l u t e - f r e e ,  ra ther  t h a n  a 
m o l a r ,  basis .  T h i s  conven t ion  g r e a t l y  r e d u c e s  t h e  e f f e c t  of 
n o n i d e a l  s o l u t i o n s .  Approximate r e l a t i o n s h i p s  are  used  t o  
c o n v e r t  molar  q u a n t i t i e s  t o  s o l u t e - f r e e  q u a n t i t i e s .  
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3 .  The c o n t a c t o r  operation con€orms w i t h  t h e  c o n c e p t  o f  the 
m o d e l .  Perfect mixing and all interphase mass transfers are 
assumed to occur in the mixers. The solutes are at an 
equilibrium distribution between the phases, as defined by 
using approximate correlations of laboratory distribution 
data. In the settlers, phases separate completely and no 
interphase mass transfer is allowed. Entrainment of one 
phase within the other is not considered. Each phase in 
every settler zone is homogeneous. 

4. Chemica l  r e a c t i o n s  o c c u r  e n t i r e l y  w i t h i n  t h e  a q u e o u s  p h a s e .  
Plutonium (111), the reductant, and inextractable nitrate 
salts remain in the aqueous phase. The extent of reactions 
is governed by approximate chemical reaction kinetic data and 
expressions. 

5 .  Solvent d e g r a d a t i o n  p r o d u c t s  f r o m  r a d i o l y s i s  or  c h e m i c a l  
a t t a c k  a r e  n o t  considered.  

6 .  N o n i d e a l  h e a t  eEfects  a r e  n e g l e c t e d .  Temperature profiles 
are calculated by using approximate heat capacities for the 
phases. Heats of mixing, heats of reaction (mass transfer), 
heat contributions from radiation, and heat transfer to the 
surrounding environment are not considered. 





3. ORGANIZATION OF SEPHIS MOD4, VERSION 2.11 

SEPHIS MOD4, V e r s i o n  2 . 1 1 ,  i s  a menu-driven set of computer  
p rograms .  S o u r c e  codes f o r  t h e  v a r i o u s  programs were prepared by 
u s i n g  t h e  BASIC l a n g u a g e .  The s o u r c e  code programs w e r e  t h e n  
c o m p i l e d  i n t o  machine- language  r o u t i n e s  f o r  e f f i c i e n t  o p e r a t i o n  
b y  u s i n g  M i c r o s o f t  QuickBASIC, V e r s i o n  4 . 0 .  A s i n g l e  2S/2D, 
5 1 / 4 - i n .  f l o p p y  d i s k  c o n t a i n s  a l l  o f  t h e  e x e c u t a b l e  f i l e s  a n d  i s  
available f o r  d i s t r i b u t i o n  by w r i t i n g  t o  t h e  DOE N a t i o n a l  Energy  
S o f t w a r e  C e n t e r ,  Argonne Na t iona l  L a b o r a t o r y ,  9700 S o u t h  C a s s  
Avenue, Argonne, I l l i n o i s  60439. F i l e s  t h a t  are i n c l u d e d  i n  t h e  
d i s t r i b u t i o n  d i s k e t t e  are l i s t e d  i n  Table 3 .  

T a b l e  3 .  Files included in 
the distribution diskette 

F i l e  Size Date 
~ 

SECALC.EXE 136093 07-16-90 
SEPHIS . EXE 50641 07-15-90 
SEPREP . EXE 97631 07-16-90 
SEPRNT-EXE 74343 07-16-90 

3 . 1  SEPHIS - THE MENU PROGRAM 

The SEPHIS program c o n t a i n s  t h e  menu program from which  t h e  
u s e r  may select any  of t h e  t h r e e  companion programs o r  e x i t  t o  
t h e  computer  s y s t e m .  On c o m p l e t i o n  of a n y  of t h e  t h r e e  companion 
programs, t h e  menu r e a p p e a r s .  The s o u r c e  code f o r  t h i s  program, 
SEPHIS.BAS, is p r o v i d e d  i n  Appendix A.  

3.2 SEPFUZP - PROGRAM FOR PROBLEM DEFINITION FILE PREPARATION 

The SEPREP program i s  u s e d  t o  prepare t h e  P rob lem D e f i n i t i o n  
It p rompts  t h e  u s e r  t o  provide a l l  of t h e  i n p u t  data f o r  a f i l e .  

p a r t i c u l a r  p rob lem t o  be s o l v e d .  Detailed i n s t r u c t i o n s  f o r  i t s  
u s e  are provided i n  t h e  SEPHIS User's Manual. '  The s o u r c e  code 
f o r  t h i s  program, SEPREP.BAS, i s  g iven  i n  Appendix B. 

4 3  
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3 . 3  S E W C  - PROGRAM FOR OBTAINING THE SOLUTION TO DEFINED 
PROBLEMS 

The SECALC program i s  t h e  c a l c u l a t i o n a l  r o u t i n e  t h a t  
p e r f o r m s  a l l  m a t h e m a t i c a l  o p e r a t i o n s  based on i n f o r m a t i o n  
p r o v i d e d  t h r o u g h  t h e  P rob lem D e f i n i t i o n  f i l e .  Detailed 
i n s t r u c t i o n s  f o r  i t s  u s e  are f u r n i s h e d  i n  t h e  SEPHIS UseI's 
Manual. '  The s o u r c e  code a p p e a r s  i n  t w o  modules  as  SECALC.BAS 
a n d  SECAL1.BAS i n  Appendixes  C a n d  D,  r e s p e c t i v e l y .  These  
modules  are l i n k e d  by u s i n g  SECOM.BI ( g i v e n  a s  Appendix E )  f rom 
which common data b l o c k s  are def ined .  An o v e r a l l  f l o w  diagram 
f o r  c o m p u t a t i o n s  i s  shown i n  F i g .  11. 

The SECALC program i s  composed of many subprograms a n d  
sub rou t ines ,  e a c h  of which p e r f o r m s  a s p e c i f i c  f u n c t i o n .  G e n e r a l  
i n p u t  f u n c t i o n s  based on t h e  Problem D e f i n i t i o n  f i l e  are created 
a n d  t h e  s y s t e m  h y d r a u l i c s  are set by  t h e  STARTS r o u t i n e .  The 
c o n v e r s i o n  of  u n i t s  i s  h a n d l e d  t h r o u g h  r o u t i n e s  w i t h  t i t l e s  t h a t  
b e g i n  w i t h  C O W -  a n d  MOLAL-. The subprogram STAGES i s  t h e  
p r i n c i p a l  c o m p u t a t i o n a l  t o o l .  It p e r f o r m s  all stage c a l c u l a t i o n s  
w h i l e  i n t e r f a c i n g  w i t h  o t h e r  r o u t i n e s  t o  o b 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  a n d  e x t e n t s  o f  r eac t ion .  D i s t r i b u t i o n  c o e f f i c i e n t  
c o r r e l a t i o n s  are c o n t a i n e d  i n  r o u t i n e s  w i t h  t i t l e s  t h a t  b e g i n  
w i t h  UCOR-. The c h e m i c a l  r e d u c t i o n  of p l u t o n i u m  i s  p e r f o r m e d  by  
MCHEMP a n d  SCHEMF'. Hard-copy p r i n t o u t s  of r e s u l t s  are h a n d l e d  b y  
r o u t i n e s  w i t h  t i t l e s  t h a t  b e g i n  w i t h  PRT-. On c o m p l e t i o n ,  t h e  
SECALC program prepares a Problem R e s u l t s  f i l e .  

3 . 4  SEPRNT - PROGRAM FOR RETRIEVAL OF P T PROBLEM RESULTS 

The SEPRNT program i s  p r o v i d e d  t o  o b t a i n  hard-copy p r i n t o u t s  
of p rob lems  p r e v i o u s l y  r u n ,  w i t h o u t  t h e  n e c e s s i t y  of r e r u n n i n g  
them.  T h i s  f e a t u r e  i s  handy f o r  i n s t a n c e s  where t h e  o r i g i n a l  
p r i n t o u t  i s  d e s t r o y e d  o r  l o s t ,  o r  where a d d i t i o n a l  copies are 
desired.  Detailed i n s t r u c t i o n s  f o r  i t s  u s e  are p r o v i d e d  i n  t h e  
SEPHIS User's Manual. '  The s o u r c e  code  f o r  t h i s  program, 
SEPRNT.BAS, i s  g i v e n  i n  Appendix F .  
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__ 
STARTS 
(R) 

SEPRNT ( P )  

I____ 

- CONVPUl o r  - 
CONVTHl ( R )  

ORNL-DWG 90-5134 

, 
.CONVPU2 or  - MOLALP o r  

CONVTHZ ( R )  MOLALT ( S )  
I 

~ 

_I__ 

CONVPU3 o r  
CONVTH3 ( R )  

1 

MOLALP o r  
MOLALT ( S )  

UCORTH (S)  

PRTPU 01 

PRTTH (S)  
-. 

L - 

I I 

MOLALP o r  
MOLALT (S) 

MOLALT (S)  

UCORTH (S)  

MOLALP o r  
MOLALT (S)  

MCHEMP (S)  UCORPU ( S )  

------I SCHEMP ( S )  I 

P = Program 
R = Routine within a program 
S = Subprogram 

Fig.  11. Overall flow diagram for computations. 





4 .  SAMPLE PROBLEM - A THREE-CONTACTOR FLOW SHEET FOR THE 
A FAST BREEDER-TYPE SPENT FUEL SOLUTION 

RECOVERY OF URANIUM (U) AND PLUTONIUM (Pu) FROM 

S e v e r a l  sample p rob lems  f o r  simple s o l v e n t  e x t r a c t i o n  
o p e r a t i o n s  are p r e s e n t e d  i n  t h e  SEPHIS User's Manual.* T o  show t h e  
c o m p u t a t i o n a l  power of SEPHIS MOD4, V e r s i o n  2 . 1 1 ,  a more elaborate 
problem i s  selected h e r e i n .  The s y s t e m  modeled  c o n s i s t s  of t h r e e  
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  c o n f i g u r e d  as shown i n  F i g .  1 2 .  The 
s o l v e n t  e x t r a c t i o n  o p e r a t i o n s  i n c l u d e  c o - e x t r a c t i o n  a n d  c o - s c r u b b i n g  
of U a n d  Pu (A-Bank) as  w e l l  as U-Pu p a r t i t i o n i n g  (B-Bank) a n d  U 
s t r i p p i n g  (C-Bank).  The f l o w  s h e e t  c o n d i t i o n s  selected are  
h y p o t h e t i c a l  b u t  are based on a n  a c t u a l  e x p e r i m e n t a l  f l o w  s h e e t  
operated i n  t h e  S o l v e n t  E x t r a c t i o n  T e s t  F a c i l i t y  a t  Oak Ridge  
N a t i o n a l  L a b o r a t o r y  ( O R N L ) .  

4.1 TRANSIENT CALCULATION 

Computer o u t p u t  i s  p r o v i d e d  i n  t h i s  s e c t i o n  f o r  t h e  s t a r t u p  
t r a n s i e n t ,  b e g i n n i n g  w i t h  t h e  c o n t a c t o r s  a t  z e r o  c o n c e n t r a t i o n .  
S i n c e  p l u t o n i u m  r e d u c t i o n  i s  o c c u r r i n g ,  t h e  Fast i n t e g r a t i o n  
t e c h n i q u e  i s  u s e d .  The chosen  t i m e  i n c r e m e n t  for i n t e g r a t i o n s  i s  
0 . 2  min, based on  t h e  f l o w  rates shown, a n d  stage volumes  are 1 . 8  L 
f o r  m i x e r s  a n d  3 . 0  L f o r  sett lers.  F o r  1 0 0 0  min of p r o c e s s  t i m e ,  
t h e  c o m p u t a t i o n a l  t i m e ,  d e t e r m i n e d  by  u s i n g  a n  u p g r a d e d  IBM PC/XT 
( 1 6  MHz w i t h  3 2 - b i t  processor), w a s  5 h 50 min .  T h i s  o u t p u t  shows 
t h e  c o n c e n t r a t i o n  p r o f i l e  for e a c h  200 min, up t o  a t o t a l  t i m e  of 
1000 min.  A second  computer  r u n  w a s  made t o  o b t a i n  p r o f i l e s  f o r  
e a c h  20  min f o r  t h e  f i r s t  200 min as a d i s p l a y  of t ime-dependen t  
c o n c e n t r a t i o n s  ( S e c t .  4 . 3 )  . 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  were 
a t t a i n e d  i n  -1400  min (<0.0001% i n v e n t o r y  change  i n  a n y  stage d u r i n g  
a 1-min t i m e  i n c r e m e n t ) .  

4 7  
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Scrub 5 4 . 4  gU/L 24 
Svlut ion 13.6 gPu/L 
AIS--------- > 1.03 L/min 25 

0.05 L/min 26 
5.OM HN03 - 40'C - 

_- 

ORNL-DWG 90-5135 

-Aqueous 
Feed 
AF---------- > 
3 . 5 M  HN03 
160 gU/L 

0.35 L/min 
40 gPU/I, 

A-Bank B-Bank C-Bank 

Contactor Contactor Contactor 
Co-Extraction/Co-Scrub Partitioning Uranium-Stripping 

-u Strip 
Solution 
cx---------- > 
0.05 M HN03 
1.3 L/min 
-5O'C 

erg iic 
Uranium 
Solution 
BU 

0.007M UNO3 
36.8 gU/L 

1 .52  L/min 
20.6"C 

1 Aqueous 
P 1 ut on ium 
Product 

50'C 

--------- 

Aqueous. 
Uranium 
Product 

>CP 
0.055 M HN03 

42.5 gU/L 
1.32 L/min 

38.4'~ 

- - - - - - - - - 

F i g .  12. A three-contactor flow sheet for the recovery of uranium and 
plutonium from e fast  breeder-typcr spent fuel solution. 
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PROfiLEt! MFIMITIOI RATA FOR SEPHIS HOD4.  k r .  2.11: 

Problem: BREEDER FLOYSHEET EXAHPLE 

PUREX PROCESS 
Total stages: 4E 
Volure 1 TbP i n  solvent: 
I n i t i a l  or defaul t  tcrperature ('CI: 
Drqanic taken f r M  stape 33 feeds stage 27 . 
Reduction of Pu(iV) by hvdroxylamine n i t ra te .  
Minutes per tire incrment: 0.20 
Minutes between pr in t ing  a! the concentration pro f i le :  200 
Calculations 11111 stop after 5000 r inutes or rhen a tolerance uf 
Total mixer volumes are de'tned lohase r a t i o s  = f lor ra t ioe l .  
Total se t t le r  volumes are defined (phase r a t i o s  = f l m  ra t i os ) .  
I n i t i a l  concentration profile 15 zero. 
Fast integrat ion n i l 1  be used. 
Ex t ra  product 5treamI;), 

The FILESPEC for this Probler Def in i t ion  data f i l e  15: B:EXPL_P.DAT 
The FILESPEC fo r  t h i s  Prubler Results data f i l e  IS: 

30.0 
40.0 

b.lWl Z per m u t e  I S  reacbed. 

B:EWPL-P.DAT 

LBUEOUS 
MUEOUS 

30.0 Z TBP 
IIOUEWS 
MUEWS 
APUEDUS 

30.0 Z TEP 

4QUEOUS 
' MUEDUS 

1 
I? 
32 
33 

42 
48 
I6 
32 

3e 

5.00E-02 O.OOEtO6 0.00Et00 0.00Et00 O.OOE*OO 
5.00E-02 O.OM+OO 0.00Et06 O.OMtOO 5.OM-01 

5.60E-01 O.OOEt00 0.00EtOO O.OOE400 O.OOEtO0 
0,OOEtOO O.OM+OO 0.00Et00 

5.OMt00 O.OOEtO0 O.OM+OO 0.00Et00 0.00EtO0 
3.5Mt00 1.6Mt02 4.00Et01 0.OMtOO O.OMtO0 
0.00Et00 0 .OOEtOO 0. OMtOO 
Prcduct stream reroved (actual flow ra te  t o  be corputed) 
Product stream reroved (actual f l m  r a t e  t o  be co.puted1 

NITRRTE IOW FLUU RATE 
(It) (L/min) 

0.00Et60 1.3MtOO 
5.00E-01 6.OM-01 

LON-01 
O.OMtOO 1 . w - 0 1  
0.00Et00 5 .W-02  
O.OM+OO 3.5M-01 

I .  3 M  t O O  
6.W-01 

---_ ---- --- __-- ---- --- 

1.OGEtOO 

STAGE VOLWE AYD FLOW RATE @ATA I b l a l  b a s i d :  
MIXER VOLUnE BY PHASE SETTLER VOLUHE BY PHASE 

STAGE __________._________---- ___________-_______------ 
UO. AWEOUS DRMNIC RQUEWS ORGANIC _--__ _____-_---- __-^----___ ______----- ____------- 

I 8.39E-ul 9.61E-01 1.4OEt00 1.6M+00 
2 8.39E-01 9.6lE-01 1.4E400 I.6MtOO 
3 8.39E-01 9.6lE-01 1.40Et00 1.60E+O@ 
4 E.39E-01 9.61E-01 1.40EtOO I.60EtO0 
5 9.395-01 9,blE-01 1.4M+OO 1.60E100 
h 9.39E-01 9.6lE-01 I.40EtOO 1.6Mt00 
7 B.39E-01 9.61E-01 I.40E+00 1.60Et00 
8 8.3%-01 9.61E-01 I.4OEt00 1.60Et00 
9 8.39E-01 9.61E-01 1.4Mt00 1.60€+00 

11 B.39E-01 9.61E-01 1.4OEt00 1.66EtOO 
12 8.39E-01 9.61E-01 I.4MtOO 1.60EtOO 
13 8.39E-01 9.61E-01 I.4OEt00 1.6MtOC 

IO ~ J ~ E - O I  PAIE-OI 1 . 4 ~ t 0 0  1 . 6 ~ t o o  

14 ~ . ~ P E - O I  ~AIE-OI i . 4 ~ t o o  1.6o~too 

MIXER F L M  RATE 

AWEOH DR6IuIIC 

1.30Et00 1.49Et00 
I. 30EtOQ I. 49EtOO 
1.30EMO 1.49EtO0 

1.30Et00 I .  49EtOO 
1.30EtOO 1.49EtOO 

_________________-______r 

_______-_-- _____-_--_- 

1.30Et06 1.49E400 

1.3Mt00 1 a 49Et00 
1.3Mt00 1.49Et00 
1.3MtOO 1.49EtOO 
1.3MtO0 1.49EtO6 
1.3OEtOO 1.49Et00 
1.30EtOO 1.49Et00 
1.3M100 1.49E100 
1.30Et00 1.49E+OO 

IWTERSTAGE FLOW RATE 

AR!JEOffi ORGANIC 

1.30Et00 1.49Et00 
1.3OEt00 1.49Et00 
1.3CE400 1.49EtOO 
1.3Mt00 1.49EtOO 
I. 30Et@O 1.49Et00 

1.30E100 I.49EtOC 
1.30Et00 1.49E100 
1.3M+00 1.49EtOO 
1.30EtOO 1.49Et00 
1.30EtOO 1.49Et00 
1.30EtOO 1.49Et00 
I. 30EtOO 1.49EtO0 
1.3Mt00 1.49EtO'J 

"______-^----_____----- 

-I-------- 

1.3o~toa 1.49~too 

TEHP 
I C )  

50.0 
20.0 
20.0 
40.0 
40.0 
40.0 
40.0 

_---_- 



STAGE 
NO. 

15 
16 
17 
I8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
?8 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
45 
44 
45 
4b 
47 
48 

_ _ _ _ _  

HIXER VOLME BY PHASE 

ARUEOUS ----------- 
8.39E-01 
8.39E -01 
5.l lE-01 
5.llE-01 
5. l lE-01 
5. LIE-01 
5.llE-01 
5.1 IE-0 1 
5.l lE-01 
5. l lE-Cl 
5.1 IE-01 
5. I IE-01 
5.11E-61 
9.78E-01 
9.78E-61 
9.78E-0! 
9.7RE-01 
9.79E-01 
2.33E-01 
2.33E-01 
?.33E-61 
2.33E-0 1 
2.33E-61 
2.89E-01 

2. B9E-il I 
2.89E-01 

z . a ~ ~ - o i  

5. asE-0 I . 5.a5~-o i  
5.BSf-01 
:.USE-e). 
5.85-0 1 
5.85E-01 
5.85E-CI 

ORBANIC 

9.blE-01 
9.61E-01 
I .29€+00 
1.2?E*O4 
1.19Et00 
1.29EtOO 
1.29Et00 
I. 29EtOO 
I.??E+OO 
1.29Et00 
1.29Et00 
I. 29E+OO 
1. ?9E+00 
8.2X-01 
6.22E-01 
8.?2E-01 
8.22E-01 
8.22E-01 
1.57EtOO 

-------_I__ 

1.57E tOO 
I .  5?E+00 
1.5?Et00 
1 .57~~10  
1.51Et00 
1.51E+00 
1.5IEt00 
1.51Et00 
l.?ZE+OO 
1.22EtOG 
1.22EtDil 
1.1?E+OO 
l.??E+O'J 
I.?ZEtOC 
l .??EtN 

BRUEOUS 

1.4OEtOO 
1.4OEtOO 
a. 52~-01  

a. 5 2 ~ 0 1  

----------- 

8.52E-01 
8. 52E-0 1 

B.5?E-01 
8.5?E-01 
8.5?E-01 
8.52E -0 I 
8.52E-01 
E. 52E-O! 
8.52E-01 
1.63EtOO 

1.63Et00 
I .  bJE+bO 
I .  63EtOO 
3.89E-01 
3. WE-01 
5.89E-01 
3.89E-01 
3.89E-01 
4.8?E-01 

4.82E-01 
4.B2E-01 
9.15E-0 I 
9.75E-0! 
J.7SE-O! 
9.75E-01 
9.75E-0! 
?.!5E-01 
9 .  ?5E-0 1 

1.6SEtO0 

~ . a z ~ - o i  

OfiGRNIC 
_--"" -_____ 

l.bOEtO0 
1.60Et00 
?.15E*00 
2.15Et00 
2.15~tao 
2.15Et00 
?.15Et0@ 

2.15Et00 
?.15Et00 

2.15Et00 

2.15E 400 
?.15Et00 
2.15Et00 
1.37Et00 
1.37Et00 
I. 37EtOO 
1.37EtO0 
1.37Et00 

2. b IEt00 
2.  blEt00 
2.6 lEt00 
2.bIEt00 

2.61EtOO 

2.52Et00 
2.5?E+00 
2.52Et00 
2.5?€+0@ 
2.03Et00 
2. OSEtOO 
2.03E+?6 
2.03EtOi) 
Z.??E+30 
?.03E+Ot~ 
2.03EtOil 
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fiIXER FLOW RATE 

AQUEOUS 

I. 30Et06 
_---------- 

I. 30Et00 
5.90E-01 
5.9OE -0 1 
5.90E-61 
5.90E-01 
5.90E-01 
5.96E-0! 
5.90E -0 1 
5.90E-01 
5,90E-01 
5.90E-01 
5.90E-Q1 
5.90E-01 
5.90E-01 
5.90€--01 
5.90E-01 
5.90E-01 
I.48E-01 
1.48E-01 
I.4BE-01 
1. 48E-01 
1 . N - O l  
1.90E-01 
1.9M-01 
1.9OE-O I 
l.9GE-01 
4.77E-0! 
9.77:-01 
4.?7E-3 1 
4.77E-0 I 
4.77E-0! 
4.!?E-01 
4.77E-01 

ORGRNIC 

1.49Et00 
1.49EW 
1.49EW0 
1.49Et00 
1.49EIOO 
1.49E t O O  
1.49Et00 
1.49f to6 
1.49EW 
1.4PErOO 
1.49Et00 
1.49E+00 
1.49Et00 
4.96E-01 
4.9bE-01 
4.96E-OI 
4.96E-01 
4.9bE-01 
9.9?E-01 
9.92E-01 
9.92E-O! 
9.9?E-01 
9.92E-0 1 
9.9?E-01 
9.92E-01 
9.9?E-01 
?. 9?E-01 
9.9?E-01 
S.9?E-01 
9. ??E-? 1 
9.92E-O! 
9.9?E-I! 
9.??E-:'l 
9.92E-01 

- - _-- -I^-__ 

AQUEOUS 

I. 30Et00 
O.OOE+OO 

------ 

%SO€-61 
5.90E-01 
5.90E-01 
5.9oE-01 
5.9CE-01 
5.9OE-01 
5.90E-01 
5.90E-01 
5.90E-01 
5.90E-01 
5.90E-01 
5.90E-01 
5.90E-01 
5. 9QE-Of 
5.96E-01 
O.OOEtO0 
1.4EE-01 
1.4BE-0 I 
1.4BE-01 
I .4BE-i ) l  
1.46E-01 
1.9OE-Ol 
1.90€-0! 
1.96E-01 
1.90E-01 
4.77E-01 
4.7?E-01 
4. ? ? E 4  1 
4 .  ??E-61 
4.?7E-G! 
4.m-01 
4.?7E-01 

ORGANIC 

1.49Et00 
1.49EtOO 
1.49Et00 
1.49EtOO 
1.49Et00 
1.49EtOO 
1.49Et00 

._ _____-- -- 

I .49EtOO 
1.49E+u0 

1.49EtOO 
1.49EIOO 

I. 49Et00 
1.49Et00 
4.9bE-01 
4.96E-01 
4.96E-01 
4.96E-01 
4.96E-01 
9 . W - 0 1  
9.92E-0 1 
9.92E-01 
9.92E-01 
P.92E-61 
9.92E-01 
S.9ZE-01 
9.92E-0 I 
9.S'lE-Pl 
?.9?E-01 
9.9?E-0: 
0.92E-61 
9.9?E-0 I 
9.9?E-0 1 
9.Y2E-01 
9.92E-J 1 
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PROFLE!! RESULls' COR SEPHIS NOD4. Ver. 2.11: 

Problem: WEEDER FLBWSHEE? EIAHPLE 
Imxer cuncm!ra?ions shown! 

TIFE = 0 . K  !IlNUTES 

AQUEOUS PHASE: 
STbiiE I I T f t l C  ACID UFtRNIlJtl 

NO. I!!) ig/L! ----- -L--------- _ _ _ _ _ _ L _ _ C _  

1 O.OOEtC0 0.0OEt00 
2 O.irOEt0ii 0.0OEtOO 
3 0.69EtOO 0.OOEtN 
4 G. O W 0 4  0. b@E+OO 
S O.0OEtOO 0.00Et00 
6 0.00Et00 0.0MtuO 
7 0.00Et00 0.00Et00 
6 0.00E+O0 0.00Et00 
9 0. OQEtOO O.OOE+OO 

10 L?.OOEtOO 0.00Et00 
11 0.00EtO'J O.OOEtOO 
12 0.WEtOO O.OOEtO0 
1: O.OMt00 0.00EtOO 

15 0.OOEtOO 0 . O E t O O  
14 O.OOE+OO O.OOE+OO 

16 0.00Et00 O.UOEt00 
16 PRODUCT SlREWI 
17 0.00E+00 O.OOEt00 
18 O.OOEt0O O.OM+O(I 
19 O.OOEtO0 O.OMtO0 
20 O.0OEtOO O.OOEtO0 

,21 O.WEtO6 O.OOf+OO 
22 0.00Et00 O.MEt00 
23 O.OOEtO0 0.00Et00 
24 0.00Et00 0.00E+00 
?5 0.00Et00 O.OOE*OO 
?b 6.00EtM O.OOE+OO 
27 O.OOf+OO 0.00fr00 

20 0.00EtOt) O.OMtO0 
28 O.OOE+OO O.OMtOO 

30 0.OOEtOO O.0MtOO 
31 0.00Et00 O.OOEtO0 

32 PHODUCT STREM 
32 O.OOEtO0 O.OOEtO0 

3: O.OOEt00 0.00E+00 
34 O.OOEtO0 O.OM+OO 
35 O.00Et00 0.00Et00 
34 0.OUEtOO O.OOE+OO 
37 0.00Et00 0.00Et00 
38 0.00Et00 O.OOEt60 
39 O.OOEtO0 0.OMtOO 
40 O.OOE+OO C.OOEtO0 
41 @.OOEtO@ O.OKfO0 
4 2  O.OOE+OO O.O@E+OO 

ru (iv! 
(g /L)  ---_---__-_ 

O.OOE+OB 
F..I)OftOII 
0. COEtOO 
0.00EtDO 
0.OOEtOO 
0.00E*00 
u. OOE+OO 
O.OIiEt00 
0. UOEtOO 
0.06Et6O 
0. OOEtOO 
O.OOEt00 
0.00Et00 
O.OOE*OO 
6.6OEtOO 
0.00Et00 

O.OOE+OO 
0. 00EtOO 
0.00EtOu 
O.WE+W 
0 .  OOE+W) 
O.OOE+UO 
O.DUE+OO 
0.0OEtOO 
0.00Et00 
O.OOEt00 
O,OOE+!N 
0.OOEtOO 
O.OOEtO6 
0. OOEtOO 
0.00Et00 
0. ooE*oo 

O.0OEtW 
0.OOEtOO 
O.OOEtO0 
O.OOEtO0 
o.ooE*o!! 
0.00E*W 
0. OOEtOO 
0.00Et00 
0,OOEtUQ 
0. OOEtOu 

ru (111) REDUCTANT 
l g i l )  !HI 

-_--------- ----I----- 
0.00Et00 0.00Et00 
0.06EtwO 0.00Et00 
0.0OEt00 O.OOEtOO 
0. DOEtIiO 9. OOEtOO 
O.OOEtO0 rJ.OOEtO0 
o.0OEtOo O.OOE+?\O 
0.00Et00 0.0CEtO0 
0.6OEtOO 0.00Et00 
O.OOEtO0 O.OOE+OO 
6.OMt00 O.OOEt@O 
O.OOE+OO 0.MEtOO 
0.00EtOC O.O$E+OO 
0. OUEtOO 0, OOEt 00 
i J . U ~ t 0 0  0.00E+Oll 
0. OOE+OO 0.00Et00 
O.OOEt0C 0.00EtOO 

O.OOE+O@ O.@OE+?o 
O.OOEtO(3 0.00Et00 
0.00Et00 O.OOEtO0 
0.00Et00 0.00Et00 
0.00Et00 0.00Et00 

0.00Et00 O.OOE+OU 
O.OOEtO0 O.OOE+OO 

0.OOEtOO 0.OOEtOO 
0.0MtOO 0.00EtO0 
0.OOEE*O(I 6. 0OE+OO 
O.OMtO0 0.00Et00 
0.00Et00 0. OOEtOO 
0.OMtOO O.OOE*W 
O.OOEtO0 0.OEEtOO 
O.OOE400 0.OOEtOG 
O.OOE+OO 0,OOEtOl) 

O.OOE+OO 0.00Et00 
O.OOE+OO 0.00EtOO 
0.00EtOO O.[ME+OO 
6.OOE+D(r O.OoEtO0 
o.OOE+OO O.WE+W 
0.00E+00 O.OOE+@O 
0.OOEtOO 0.OOEtOO 
0.00Et00 O.OOE+OO 
O.Oof+OO 0.0oEt00 
O.OOE+bO O.OOE+OO 

NITRATE ION 
I l i  

0.00E+00 
0. UOEtOC 
0.00EtOi) 
6.00f+00 

-L_____---- 

0. OOEtOO 
0.00E*00 
0.0MtOO 
0.0@E+00 
O.0KtOO 
U.OOE+OO 
O.OM+O~~ 
0.0M+OO 
o.o5E+oo 

0.00Et00 
r).OM+O@ 

0.OOEtOO 

o . m o e  

O.OOEtO0 
O.OOEtO6 
O.ObE+oO 
0.00Et00 

6.OOEtOO 
0.00Et00 

0.00Et00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OM+OO 
@.OM+0@ 
0 . 0 ~ ~ 0 0  
B.OM*OO 
0,OOEtOO 

0. OOEtOD 
D.OMtM) 
O.OOE+OO 
0.#E+oo 
0.OM+OO 
O.OOEt0O 
0.00EtOO 
O.OOEtO0 
o.ooE+oo 
O.OM+OO 

DENSITY 
I g l n L i  ______-___ 
9 ,  ??E-0 I 
9.97E-61 
9.97E-0 1 
9.97E-01 
9.97E-0 I 
9.9?E-01 
9.97E-01 
9.97E-0 I 
9.97E -0 1 
9.97E-01 
9.9?E-61 
9.97E-01 
P. 9?E-O! 
9.97E-01 
9.9?E-O! 
9. ?7E-0 I 

9.??E-01 
9.97E-01 
9.97E-01 
9.97E-01 
?.97E-01 
7 .?7E-O 1 
9.97E-01 
9.97E-0 1 
9.97E-01 
9.97E-01 
9. ??E-01 
9.97E-01 
9.97E-01 
9.9?E-01 
9.97E-01 
9.97E-01 

9 * ??E-01 
?.??E-01 
9.97E-02 
9. WE-01 
9.97E-61 
9.97E-01 
9.9!E-01 
9.97E-01 
9.97E-01 
9 . W - 0 1  

FLOW RATE TEnr 
( L l r i n l  (C) 

1.30EtOO 10.0 
1.30Et00 40.0 
I.jOEtB0 40.0 
1.3OEtOO 40.0 
1,30E+00 40.0 
1.3Mt00 40.6 
l.JMtO0 40.0 

1.30Et00 40.0 

1.30Et00 40.0 
1.30EtUO 40.0 
1.30Et00 40.0 
1.30Et00 40.0 
l.JOEt9C 40.0 

1,30E+OO 
5.90E-01 40.0 
5.9OE-01 40.0 
5.9OE-01 46.0 
5.9M-01 46.0 
5.?OE-01 40.0 
5.9OE-01 40.0 
5.9QE-01 40.0 
5.90E-01 40.0 
5.9M-01 40.0 
5.9M-01 40.0 
5.?0E-Ol 49.0 
5.90E-01 40.0 
S.90E-01 40.0 
5.98-01 40.0 
5.90E-01 4e.O 
5.9M-01 40.0 
5.?M-01 
1.48E-01 40.0 
1.W-01 40.0 
1.4BE-01 46.0 
1.W-01 40.0 
1.4BE-01 40.0 
l .?M-Ol  40.0 
1.90E-01 40.0 
1.9M-01 40.0 
1.9OE-01 40.0 
4.77E-01 40.0 

--_________ ---_-- 

1.30Et00 46.D 

1.30EtUO 40.6 

1.30EtU0 46.0 



APUEOUS PHASE: 
STAGE NITRIC K I D  
NO. 111) 

43 0.00EtOO 
44 0.00Et00 
45 6.OOEtOO 
46 0.00€+00 
47 0.00Et00 
48 0.00Et00 

----- -------____ 

ORGANIC PHASE: 
STAGE NITRIC A C I D  

NO. (11) ----- ----------- 
I 
2 
3 
I 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
l b  
17 
18 
19 
20 
? I  
22 
25 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

0. OOEtOO 
O.OOEtO0 
0.00Et00 
O.OOE+OO 
6.OOE400 
0. OOEtOO 
6.00Et90 
O.OOEtO6 

0.00Et00 
0.00Et00 
0.00Et00 
6.0OEtOO 
0.00Et06 
0.00E+00 
O.OOEtO0 
0.00E+00 
0.00~400 
0.00Et00 
0.00Et00 
0.00Et00 
0.00EtW 
0.00Et00 
O.OOE+OCI 
0.00Et00 
O.OOEtO0 
0.00EtO0 
0.00Et00 
V.OOEt00 
0. OOEtOO 

6.00Et00 

0.00~400 
0.00Et00 

0.OQEtOO 

0.00EtOO 

O.OOE*O@ 
O.OOEtO0 
O.OOEtO6 

0.00Et00 

O.OOEt6O 

6.00Et00 

URANIUN 
(g /LI  

-____-__- _. . 
0.00Et06 
6.OOE+OO 

0.00Et00 

O.OOEtO0 

0.00Et00 

O.OOEtO6 

URANIUH 
Iq /L)  

0.00Et00 0.00E400 
0.00E400 0.00EtO0 
0.60E100 0.00EtOO 
0.00Et00 0.00Et00 
0.00Et00 0.00Et00 
6.00Et00 6. OOEtOO 
0.00Et00 0.00Et00 
6.OOEt00 0. ObEtOO 
6.00EtOQ 0, OOEtOO 
0.00Et09 0.OOEtOO 
O.OOE+OO U.OOEt00 
6.00Et00 0.0OEt00 
0.00Et00 0.00E+69 
0.00E400 0.00Et00 
0.00Et00 0. O O E t O O  
6.60Et00 0.00Et00 
O.OOEtO0 O.OOE+DO 
0.00Et00 0.00EtOQ 
0.00EtOO O.MIEt00 
O.OMtO0 0.00Et00 
0.06EtOO 0.00Et00 
0.00Et00 0.00E100 

6.OOEtOb O.M)E+bO 
O.OOEtPO 0.OOEtOO 

0.00Et00 0.00EtOO 
0.00Et00 0.00E*06 
0.00Et00 0.00E+00 

0.00Et00 O.OOEt0b 
6.00Et00 0.00Et00 

6.OMtOO 0.00Et00 
0.00E+06 0.00Et00 

0.00Et00 6.00Et00 

0.00E100 O.OOEt60 

0.00Et00 0.OOEtOO 
0.00Et60 0.OOEtOO 
0.00Et06 0. OOEtOO 
6.00E400 O.OOEt.06 

0.00Et00 0.00Et00 

0.00Et00 O.OOE+OO 

0.OOEtOO O.OOEt00 

PU ( I l l )  
lq/L) --_________ 

0.06E460 
0.00Et00 
O.OOEtO0 
O.OOEtO0 
O.ODEt6O 
O.OOEtO0 

U EXTRRCT 
FRCTOR 

0. OOEtOO 
0.0OEt00 
0.90Et00 
0.00Et00 
O.OOEtO0 

O.OOEtO6 
0.00E+00 
O.OMtO0 
0.00Et00 
O.OOEtO0 
6.00Et00 
O.OOEtOO 
6.00EtOO 
0.06E to0 
0.00Et00 
O.OOEtO0 
0.00Et00 
0.00Et00 
6.00E+00 
0.00Et00 
0.00EtOQ 
0.00E+00 
0. OOEtOO 
O.OOEtO0 

0.00Et06 

6.OOEtOO 
O.OOE4OO 
0.00Et00 
0 .  COEtOO 
6.OCEtOO 
0. OOEtOO 
O.OOE+OO 
O.OOE+OO 
O.OM~OO 
0.00EtOO 
9.00Et00 
0.00Et00 
6.00EtQ9 
0.00EtO0 
0. OOE $00 

52 

REDUCTANT 
In) 

0.00€+00 
0.OOf~OO 
O.OOE+?@ 
0.00E+00 
O . O O E + ~  
0.bOEtb0 

-_ ^----- --_ 

PU EXTRACT 
FACTOR 

0.00Et90 

0.00Et00 

0.OOEtOO 

0.00EtO0 

6.00EtOO 

-___"_"---_ 

0 . 0 0 ~ 4 0 0  

0.00~400 

0.00E+0@ 

0.00Et00 

0.00E+00 
0.00~400 
0.00~400 
O.OOE+OO 
0.00E+00 
0. OOEtOO 
0.OOE~OO 
0.00Et00 
O.OOE+Oo 
O.WE+OO 
0.00E+00 
O.OOE+OO 
O.0OE~OO 
O.OOE+OO 
0.00EtOO 
6. OOEtOO 
O.OOEt00 
0.00Et00 
0.00Et00 
0. OOE+00 
0.00Et00 
6.00Et60 
0. 00EtOO 
O.OOE+OO 
0.00Et00 
0 . 0 0 E W  
0.00Et00 
O.OOE+OO 
0.M)EtOO 

0.00Et00 
0.00EtOO 

0.00Et00 9.97E-01 4.77E-01 
0.00EtOO 9.97E-61 4.77E-01 
0. OOEtOO 9.97E-01 4.77E-0 I 
0.06Et00 9.97E-01 4.77E-01 
O.OOE+OO 9.97E-01 4.77E-01 
0.00E+00 9.97E-01 4.77f-01 

O.OOE+OO R.tBE-O! 
0.00EtOO 8.1BE-01 

0.00EN0 8.18E-01 
0.0OEtN B.18E-01 
O.OMtO0 8.1EE-01 
6.00Et.00 8.18E-01 
0.00Et00 8.18E-01 
0.00Et00 8. IRE-01 
0.OOEtOO R.tf!E-01 
O.OOE+OU 8. ME-01 
0.00E+00 8.1%-01 
9.00Et00 8. IBE-Ol 
0.60Et00 B.18E-01 
O.OOEtO0 8.18E-01 
0.00Et00 8.18E-01 
0.OOEtOD 8. IBE-01 
0.00EtQO 8.18E-Ol 
O.OOEtO0 8.lBE-O! 
0.00Et00 8.1BE-01 
O.OOEtO0 8, IRE-01 

0.00Et00 R. I R E 4 1  
O.OOE+OO 8.1BE-91 
0.00Et00 8,18E-O! 
0.00Et00 8.18E-01 
0.00€+00 E. 1EE-01 
6,OOEtOO 8. 18E-01 
0.00EtOO E. 1BE-01 
6.00Et00 8.18E-01 
O.OOEtO0 LIB€-01 
0.00Et00 B.19E-01 

0.00Et00 E. ME-01 
0.00E400 8.18E-01 
O.OOE+OO 8.19E-01 
0.00Et00 8.18E-Ol 
0.00Et00 E. 1BE-01 
O.OOEtO0 B.18E-01 
0.00Et60 B.1RE-bl 

0.00~400 B.~BE-OI 

O.OOE+OO 8. m - o i  

o.ooEtoo ~ . i e ~ - o i  

I .50€+00 
1.50Et00 
1.5Mt00 
1.5MtOO 
1.50E406 
1.50Et00 
1.50Et00 

I. 50Et06 
1.50E+00 

I .50E+O6 

I .  59E t O O  
I. 50E+00 
1 .5OE*OO 
1.50Et00 
1.5bEt00 
1.50Et00 
I. 50EtOO 
1.50Et00 
I. 50E400 
1.50Et00 
I .50~tr)0 
1.5Mt00 
1.50Et00 
1.SOEtOO 
5. OOE -0 1 
5.00E-01 
5.OOE-01 
5.OOE-01 
5.00E-01 
I.OoEt00 
I. 00EtOO 
I.OOEt00 
1.OM+U0 
1. OOEtOO 
I.OOEtO0 
1.00E400 

1.50E100 

I. 50Et06 

I. 50Et50 

40.6 
40.0 
4o.c 
40.0 
40.0 
10.0 

TBPSRT 
(11 

0.0 
0.0 
6.6 
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 
0.0 
0.0 

--_--_ 

I.OOEtO0 0.0 

INVEllTOHV 
CHANGE (1) ____------- 
2 . o o ~ t a z  
2. OOEtO? 
?. OOEtO2 
2.00Et02 
2.00Et02 
2. OOEtO2 
2.00Et02 
2. OOEtOZ 

2.O(IE+02 
2. OOEtO? 
2.00Et02 
2.00Et02 
2.06Et02 
?.OOEtO? 
2. QOEt02 
2.0OEt02 

2.MEt02 

2.OOEt6Z 
?.QOEtO: 
2.OOEtOZ 
2.00EtQZ 

?.O6E+O2 
2.00Et02 
2.  OOftO? 
2.OOE*02 
2.OOEt02 

2.00E402 

2.00Et02 

2.0bEtO: 

2,OOEtQZ 

2.00~401 

2.00~402 

2.00~402 
2.OOEtO2 
2.00Et02 
2. OOEtOZ 
2. OOEtOZ 
2.00€+02 
2.00Et02 
2.00E+O? 



OR66HIC PISE:  
STA6E NITRIC A C I D  
NO. (tu 

41 0.00Et00 
42 0.00Et00 
45 O.OMtOO 
44 0.00Et00 
45 0.00Et00 

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

46 0.06Et00 
47 6.6OEtO6 
48 0.00EtO0 

URANlUn 
19/11 --------- 

0.00Et00 
0.00Et60 
0.60Et00 
0.00Et00 
O.OOEtO0 
O.OMtOO 
O.OMt60 
G.OMt6O 

TINE = 200.00 HlNUTEi 

APUEOUS PHASE: 
STAGE N I T R I C  ACID URANIOIl 

NO. (HI I q lL )  
----.. --- -------- __-_-----__ 

1 5,00E-0? O.OOE+OO 
2 5.06E-02 0.00Etu0 
3 5.00E-02 0.0@€+06 
4 5.66E-02 1.0%-67 
5 5.00E-62 2.34E-06 
6 5.00E-02 4.95E-05 
? 5,6OE-02 I.04E-03 
8 5.01E-02 2.14E-62 
9 5.07E-02 3.93E-01 

10 5.?lE-02 3.66Et00 
I f  5.3lE-02 1.26Et01 
12 S.35f-02 2.35Et01 
13 5.34E-02 3.29Et61 
!4 5.32E-02 4.OlEt01 
15 5.31E-02 4.45EtOl 
l b  5.50E-02 4.47EtOJ 
16 PRODUCT STREM 
17 4.89E-02 1.30EtOI 
19 4.8bE-02 1.58EtOl 
19 4.ME-02 1.66EtOl 
?O 4.88E-02 1.7Mt01 
21 4.93E-02 1.74E+OI 
22 5.11E-02 1.78EtOl 
23 5.67E-02 1.82E*Ol 
24 1.42E-02 I.RZE+r)l 
25 1.24E-01 1.72EtO1 
26 2.37E-01 1.3BE+Ol 
27 3.84E-01 9.17EtOO 
28 4.05E-01 1.34Et06 
29 4.OBE-01 1.71E-01 
30 4 . M - 0 1  2.13E-02 
31 3.91E-01 2.58E-03 
32 3.ZOE-01 2.84E-04 
32 PRODUCT STBEAN 
53 5.33E-01 3.69EtOl 
34 6.74E-01 3.99t61 

PU (IV! 
(QtL1 -----_--__- 

0.00Et00 

O.OOEtO0 
O.OOEtO6 
O.OOEt0O 
0. WEt  Oo 
0.oof*oo 
0.00Et00 

0.00ErO6 

PU t I V )  
(9111 -- --__-_-- - 

0 * 00E+00 
0,OOEtOit 
0.6OEtOO 
O.OOEtO6 
0.00Et00 
O.OOEtM) 
O.OOEt60 

O.WE+W 
O.OOEtOO 

6.00Et00 

0. @OEt 00 
O.OOE+OO 
O.OOE+OO 
O.OOEt00 
0.00Et00 
O.OOE~O0 

0.00E*00 

0.00Et06 
0.00EtOO 

0.00Et00 
1.67E-05 
I .  34E-04 
I .  ObE-03 
8.OZE-03 
5.59E-02 
3. IRE-01 
1.34Et00 
5.20E-02 
1 .Olf-02 
2.80E-03 
8.17E-04 
2.19E-04 

?.67E+O! 
2.40EtOl 

U EXTRACT 
FACTOR -------___- 
0.00EtOiI 
O.OOEtO@ 
0. OOE to6 

D.OOEtO6 
O.OOEtO6 
o.ooEto0 
6.00Et60 

6.06EtOO 

PU EXTRBCT 
FACTOR --_--- _---- 
O.OOEt60 
0.00Et60 
6.OOEtO0 
O.OOEtO6 

O.OOEtO6 
0.00Et00 

0.00EtOQ 
O.OOEt06 

H t  EXTRACT 
FACTOR 

0.06€+00 
O.OOEtO6 
0. OOEtOO 
0.WEtOO 
0.00Et06 
6. OOEtOO 
0.00Et00 
O.OOEtO6 

PU (1111 REDUCTANT NITRATE I O N  
I9lL) In1 -_--_----__ ___---_____ 

0.00Et00 Oa06E+O?1 

0.00Et00 0.00Et00 
O.OOEtO0 O.OOE+OD 
O.OOE+06 0.06EtOO 
O.OOEtO0 0.06Et00 
O.OOE+OO O.OOEt06 

O.OOEt00 O.06Et60 

0.60€+60 O.OOE*OO 
0. OOEtOO 0. OOEtOO 
0.OM+OO O.OOEtO0 
0.00Et00 0.00Et00 
0.00E+00 O.MKtO0 
6.00Et00 0.00EtOO 
0.OOEt00 0.00Et00 
0.00E+00 0.00Et00 
0.OMtOO 0.00Et00 

0.00Et00 4.98E-01 
0.00Et60 4.98E-01 
0.0MtOO 4.97E-01 
2.91E-05 4.97E-01 
2.23E-04 4.97E-01 
l.82E-03 4.97E-01 
I .47E-O? 4.97E-01 
I.17E-01 4.96E-01 
8.87E-0 I 4.93E-01 
6.10E*OO 4.69E-01 
2.31Et01 3.96E-01 
2.44EtOl 3.92E-01 
2.4bE+01 3.91E-01 
2.48EtOI 3.91E-01 
2.5OE+01 3.90E-01 
2.5Zf+01 3.90E-01 

O.OOEtO0 O.OOEtO0 
0.00Et00 O.OMt0O 

(ni 

0.00EtOil 
0.6OEtOO 
0.00Et00 
O.OOEt60 
0.00E+00 
0.00Et00 
0 .  OOE to0 
0.00Et00 
O . O ~ * O O  
O.OMtO6 
o.ooE+oo 
6.OOE+OO 
o.ooEtOo 
O.OM+OO 
O.OOEt00 
O . O M + O @  

4.98E -0 1 
4.9RE-6 1 
4.97E-01 
L97E-01 
4.97E-01 
4. ? ? E 4  I 
4.97E-01 
4.91E-01 
4.96E-61 
4.95E-Q1 
4.93E-01 
4.94E-01 
4.94E-01 
4.94E-01 
4.9%-01 
4.96E-01 

0. OOEtOO 
0.00Et00 

DEWSITY 
(91.L) 

8. IRE-Ol  
8.18E-Ol 
8.IUE-01 
8. !BE-01 
8.18E-01 
8. 18E-01 
8.18E-01 
8. IRE-01 

---____ 

DEWSITV 
la/rL) ------_____ 
9.99E-61 
9.9SE-01 
9.99E-01 
9. ?!E-0 I 
9. ?9E -01 
9.99E-01 
9. WE-01 
9. WE-01 
9.99E-01 
1.00Et00 
1 a 02Et00 
1.03E40O 
1.04E4OO 
1.05Et66 
l.OhEtOO 
1 .O6E+00 

1.11EtOO 
l . l lE t00  
I. I IEt00 
1.IIEtOO 
l . l lE t00  
1.1lEtOO 
l . l l E t 0 6  
! . l lE+00 
1.12EtOO 
1.12EtOQ 

l . l lE t00  
1,14E+00 
1.14Et00 

1.13Et00 

1.15Et00 

1.14EtOO 

l.lOE+OO 
l . l l E t 0 0  

fLOY RATE TUPSAl 
( L l m n l  (Zl 

1.OMtOO 6.0 
1.0oEt00 0.0 
1.0Mt66 0.0 
1.6bEt00 0.0 
l.OOEtO0 6.0 
1.0oE~OO 0.0 
1.00Et00 0.0 
1.OMt06 0.0 

-_-_____--- ------ 

FLOY RdTE TEflP 
!L/rinl (C)  

1.30Et00 50.0 
1.3NtOG 50.0 
1.3oft00 50.0 
1.3Mt60 50.0 
1.3Mt00 50.0 
1.3Mt00 50.0 
1.3Mt00 50.0 
L.30EtOO 50.0 
1.30Et00 50.0 
1.3oEt00 50.0 
1.31Et00 49.9 
1.31E+oO 49.7 

1.32EtOO 48.2 
1.32Et60 45.4 

I. 32EtOO 
6.02E-01 20.8 
LOX-01 21.6 
6.03E-01 22.6 
b.03E-01 23.7 
6.03E-01 24.9 
LOX-01 26.3 
6.03E-01 27.9 
6.04E-01 29.5 
6.0%-01 31.4 
6.ObE-01 33.5 
LOBE-01 35.9 
6.07E-01 35.9 
b.07E-01 35.9 
6.07E-01 35.7 
6.06E-01 34.8 
6.0s-01 31.5 
6.O!jE-61 
1.54E-01 40.0 
l.55E-01 40.0 

---_------- ------ 

1.SlEt00 49.3 

1.32EtOO 38.5 

INVENTDRY 
CHllN6E (2) _ _  _--- _ _  -_ 
2.00Et02 
2.00EtO2 
?.00E+02 
2,00E+02 
2.00Et02 
Z.06Et02 
2.00Et62 
2.0OEt02 
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APUEOUS PHASE: 
STAGE NITRIC ACID URANIC4 PU IIV) PU 1111) REDUCTANT 

NO. In) 1 9 1 ~ )  (g/Ll in1 

35 9.42E-01 

37 1.93Et00 
38 2.71Et00 
39 2.78Et00 

36 1.36Et00 

40 2.91Et00 
41 3.23EtOO 
42 4.29Et06 
43 4.36Et00 
44 4.36EtOb 

46 4.27EtOi' 

48 2.84EtOO 

45 4.34EtOO 

47 3.94EtOO 

DRGRHIC PHRSE: 

3.30Et01 
2.32E401 
I.4bEtOl 
9.34Et00 
8.88Et00 
E.45Ei-00 
7.77Et00 
7.15Et00 
I. 24E-0 I 
2 AOE-03 
3.22E-05 
5.14E-07 

6.00Et00 
O.OOEt00 

STAGE 
no. 

----- 
I 
2 
3 
4 
5 
6 
7 
E 
9 

10 
I 1  
12 
113 
I4 
15 
I b  
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
31 

NITRIC ACID URANIUH 
i n )  

___^_______  

1.20E-03 
1.20E-03 
I ,  ZOE-03 
1.20E-03 
1.20E-03 
1.20E-03 
1.20E-03 
1.21E-03 
1.301-03 
.) .89E-03 
3.17E-03 
4.201-03 
4.b3E-03 
1.71E-03 
4.65E-03 
4.65E-03 
6.3 I E -03 

.5.'13E-03 
5.87E-03 
5.87E-0; 
5. WE-03 
6.17E-03 
6. ERE-03 
9.1QE-03 
1-57E-02 
3.29E-02 
6.07E-02 
9.87E-02 
I. IOE-01 
1,1 IE-01 
1.07E-01 
B.7SE-02 

1911) 

0.00Ei00 
0.00Et00 

----------- 

O.OOE+OO 
4.72E-09 
1.06E-07 
2.23E-Ob 
4.67E-05 
9.7?E-04 
2.00E-02 
3. b4E-01 
3.33Et00 
1.13EtOI 

2.95EM I 
3.58Et01 
3.97Et01 
3.98Eto1 
4.47Et01 
4.5bEtOl 
4.57EtOl 
4,  SbEtOl 

4.55Et01 
4.55Et01 
4.53Et01 
4.47Et01 
4.32E+Ol 
I . I I E M l  
I. 62EtO6 
2.07E-01 
2.53E-0? 
2.17E-03 

Z.IlE+Ol 

4.56Et01 

2.01EtOl 0.00Et00 
1.34EtOl 0.00Et00 
7.56E460 0.00Et00 
4.ObEt00 U.OOEt00 
3.75EtU0 0.00Ec06 

2.PSEtOO 0.00Et06 
3.46Et06 O.OQ€tOO 

2 . 0 8 E W  O.OOEtO@ 
4.15E-02 0.00Et00 
7.73E-64 6.00Et00 
I .  44E-05 0.00Et00 
2.71E-07 O.OOE+OO 

0.00Et00 6.OOEtOO 
0.00Et00 0.00Et00 

PU !1V!  U EXTRACT 
Loll) FACTOR 

0.00Et60 0.00Et00 
0. DOEtOO 0.00Et60 

__-_----___ 

0.00Et00 0.00Et00 
0.00~400 ~ . Z O E - O Z  
0.00Et00 5.20E-02 
@.00E+00 5.20E-02 
O.OOE+OO 5.20E-02 
0.00Et00 5.24E-02 
0.00Et00 5.87E-62 
0.OOEtQQ 1.15E-01 
0.00E+06 3.O.F-01 
0. OOEtOO 5.56E-01 
O.OOE*OO 7.37E-0 I 

0.00E*06 9.27E-01 

O.OOE+OO 7.72Et00 
0.06E400 7.15E400 
0.00E*06 6.93Et00 
0.00Et00 6.77Et00 
1.15E-65 6.62Et00 
9.44E-05 6.46E*00 
7.71E-04 6.33Et00 
6.21E-03 6.31000 
4.90E-02 6.65EtOO 
3.71E-01 E.11Et00 
2.53E*6O I. LBEtOI 
1.72E-01 6.8BEt00 
3.83E-02 7.8+E+00 
1.OBE-02 8.03Et00 
3.07E-63 8.11€+00 
7.24E-04 8.OBEtOO 

0.00~400 B . ~ B E - O ~  

0.00Et00 1.02EtO0 

0. OOEtOO 

6.00Et00 
0. OOEtOO 
0.00Et00 

0.00E+00 

0.00E*00 
0. OOEtOO 
0.00EtOQ 
6.6OEtOO 
O.OOE+OO 
0.OOE~OO 
o.oait06 
O.OOE+OO 
0.00Et00 

PU EXTRRCT 
FACTOR 

0. OOEtOO 
----------- 

0.00Et00 
0.00EtOO 
o.00~400 

0.00Et00 
0.00Et00 
0.00E+00 
0. OOEtOO 
0.00Et00 

0.00Et00 
0.0OEt00 
0.00Et00 
0.00€+00 
0.00~400 
0.00E+00 
O.GQE+OO 
0.00E*00 
0,00€+00 
1.21E-01 
I .  22E-0 I 
I. Z3E-01 
1.26E-01 
I. 31E-01 
1.45E-01 
2.60E-01 
5,84E-03 
1. RE-03 
3.6OE-04 
1.02E-04 
2.38E-05 

0.00Et00 

O.OOEtO0 

NITRATE I@N DENSITY 
in) 

-----I_---- 

0.00E~00 
0.00€t00 
O.OOEtO6 
6.OMtOO 
0.00Et00 
0.00E+00 
0. QOEtO6 
O.OOEtO0 
0.00Et00 
0.00Et00 
0.00Et06 
0.OOE*00 
0. OOEtOO 
0.00Et00 

H t  EXlRACT 
FACTOR 

2.77E-02 
2.77E-02 
2.77E-02 
2.77E-02 
2.77E-02 
2.77E-02 
2.77E-02 
2.78E-02 
2.95E-02 
4.17E-02 
6.UbE-02 
9.03E-02 
9.97E-02 
I. OZE-01 
I. Ol E-0 I 
9.75E-02 
3.26E-01 
3.08E-01 
LOSE-01 
3.05E-Q1 
3.05E-61 
3.0%-01 
3.06E-01 
3. IM-01 
3.20E-01 
3.48E-01 
3.97E-01 
2.0E-01 
2. BE-01 
2.27E-O I 
2.28E-01 
2.27E-01 

----------- 

IplrL) 

I .  10E+06 
1.09Et00 
1.09E+00 
1,10E+00 
I. IQEtOO 
1.1 lEtO6 
I .  12E*00 
1.15E+OO 
1.14Et60 
1.14EtOO 

1. 13EtOU 
I .  lZEt66 
I .  09EtOir 

_"_l_______ 

i . i i ~ 4 0 0  

DENS I 1 Y 
IglnL) 

8.18E-01 
R.18E-01 
8.lBE-01 
8.1EE-01 
8.18E-01 
8.1EE-61 
a. IBE-01 
8. ME-01 
8.18E-01 
8. IRE-01 
8.22E-0 I 
8.53E-01 
B.4bE-0 I 

8. bSE-0 I 
8.70E-01 
8. 70E-01 
fi .  77E-01 

8.78E-01 
8.70E-01 
8.78E-01 
8.78E-01 
8. WE-01 
8.78E-01 
8.7BE-01 
B.8OE-01 
fi. 35E-01 
8.23E-01 
6.2IE-01 
8.21E-01 
8.20E-01 

---- _-_-___ 

a m - 0 1  

8. ~ ~ E - O I  

FLOW RATE TEnP 
!L/rinl IC) 

1.55E-01 40.0 
1.57E-61 40.0 
1.59E-01 40.0 
2.OBE-01 40.0 
2.09E-01 40.0 
2. IOE-61 40.0 
2.1?E-01 10.0 
5.5SE-01 40.0 
5.52E-01 40.0 
5.52E-01 90.0 

5.5OE-61 40.0 
5.41E-01 40.0 
5.23E-01 40.0 

_______-___ __I__. 

~ . ~ I E - O I  (0.0 

FLOW RATE TBPSRT 
Illrinl 12) 

1.50Et00 0.1 
1.50E400 0.1 
1.50E+OO 0.1 
1.50E+00 0.1 
1.50EtQ0 0.1 
1.50Et00 0.1 

I.SOE+OO 0.1 
1.50E+OO 0.1 
1.50Et00 0.5 
1.50E+Q0 2.8 
1.51Et00 9.1 
1.51E400 16.6 
1.52E+OO 23.1 
1.52Et00 27.9 
1.52Ei-00 30.9 
1.52Et00 31.1 
1.52€+00 34.8 
1.52EtOO 35.5 
I .  52Et00 35.6 
1.52EtOO 35.5 
1.52E400 35.5 
1.52E100 J5.b  
1.52Et00 35.7 
1.52E+OO 36.2 
1.53E100 37.b 
1.53Et00 40.6 
5.04E-01 17.7 
5.OzE-01 11.3 
5.02i-01 10.3 
5.ozE-01 9.8 
5.02E-01 8.0 

.__-------- I-"--- 

1.50Et00 0.1 

INVENTORY 
CHAN6E IZ) 

0.00Et00 

0.00Et00 
0.00Et60 
0.00Et00 
4.OlE-OS 

4.09E400 

2.2bEtOO 
I. 26Et00 
6.51E-01 
3.l lE-01 
1.26E-01 
I. 52E-02 
6.31E-02 
1 . M E 4 1  
1.58E-01 
l.6lE-01 
1.S9E-01 
I.54E-01 
2.07i-01 
2.44E-01 
2.5bE-01 
2.bBE-Ol 
2.59E-01 
2.21E-01 
4.6YE-01 
4.92E-01 

3.52E-01 
2.62E-01 

~ -------- " _  

0.001+00 

4.28EtOO 

3.57EtOa 

4 . 3 ~ 0 1  
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O R M M C  PMSE: 
STAGE NITRIC hCID 

NO. (HI  

33 4.49E-02 
34 5.20E-02 
35 7.46E-02 
36 1.17E-01 
37 1.82E-01 
38 2.73E-01 
39 2.83E-01 
40 2.97E-01 
41 3.27E-01 
42 3.99E-01 

----- ------_---- 

43 B . ~ ~ E - O I  
44 e.aiE-oi 
45 8.8OE-01 
46 8.71E-01 
41 8.29E-01 
4e b . m - o i  

URANIM 
Ig /L)  _---------- 

5.58Et01 
b.09EtOI 

5.96EtOl 

5.63Et01 
5.58EtOl 
5.57Et01 
5.55EtO I 

6.OpEtOl 

5.78Et01 

5.52Et01 
3.ei~too 
6.59E-02 
I .  06E-03 
1.69E-05 
0.00Et00 
0.00E+00 

T I M  = 400.00 MNUTE: 

ARUEOUS PHASE: 
STAGE NITRIC ACID UHANlUtl 
NO . cn, (qlll ----- ---------- -_---_--_-- 

I 5.OOE-02 O.OC€tOO 
2 5.OOE-02 0.00Et00 
3 5.OOE-02 O.OM*O6 
4 5.00E-02 4.37E-07 
5 5.00E-02 8.81E-06 

.b 5.0E-02 l.bqE-04 
7 5.00E-02 3.23E-03 
8 5.02E-02 6.W-02 
9 5.M-02 8.99E-01 
10 5.26E-02 5.76Et00 
11 5.34E-02 1.54Et01 
12 5.36E-02 2.5Kt01 
13 5.SbE-02 3.38Et01 
14 5.ME-02 3.98ElO1 
15 5.34E-02 4.33EtOI 
16 S.55E-02 4.27Et01 
I b  PRODUCT STREAH 
17 4.B9E-02 1.16EtOl 
18 1.87E-02 I.4OEtOl 
19 ~ ~ - 0 2  1.47~toi 
?o ~ E - O Z  i.szEtoi 
21 4.94E-02 1.56E+D1 
22 5.1ZE-02 1.61Et01 
23 5.70E-02 1.65Et01 
24 7.43E-02 1.67€+01 
25 I.?ZE-01 1.59Et01 
26 2.32E-01 1.3Mt01 
27 3.77E-01 8.79Et00 

U EXTRACT 
FACTOR 

1.43Et01 
1.72E+OI 
I .?SEtOi 
1.68EtOl 
1.57Et01 
1.47EtOI 
1.4XEt01 
1,12E+01 
I .  4 2 E W  
1.4OEtOl 
I.llEtO0 
2.21E-02 
4.12E-04 
7.5bE-Ob 

O.OUE+OO 
0. WEtW 

I.OlE+Ol 
1.03EtOl 
1.23Et01 
I. 70Et01 
2.58Eto 1 
3.0oEtOl 
3.1XtOI 
3.27EtO I 
3.51Et01 
1.46Et01 
5.79Et01 
6.20Et01 
6.20Et01 
6.18EtOI 
0.00Et00 
O.OOEtM) 

PU EXTRACT 
FACTOR 

4.62Et00 
4.77EtOO 
5.82€+0@ 
8.32Et00 
I .  35EtOI 
I.BOE+OI 
I. 9OEt01 
2.04EtOl 
2.35EtOl 
1.27Et01 
5.OZE+O1 
5.37Et01 
5.36EtOL 
5.24E+01 
0.00EtOO 
O.OM+OO 

_______--- 

REDUCTIT 
(HI 

H+ EXTRACT 
FACTOR 

DENSIT! 
IqlaLI 

5.64E-01 
5.14E-01 
5.27E-01 
5.bK-01 
6. IbE-01 
5.01E-01 
5.07E-01 
5.OM-01 
1.m-01 
1.76E-61 
3.65E-01 
3.7?E-01 
3.8OE-01 
3.84E-01 
4.OOE-01 
1.39E-61 

NITRATE 101 
01) 

9.15E-01 
9.26E-01 
9.27E-01 
9.25E-01 
9.23E-01 
9.22E-01 
9.21E-01 
9.21E-01 
9.22E-01 
9.23E-01 
8.4YE-01 
8.42E-01 
8.4ZE-01 
8.41E-01 
8.4OE-01 
8.35E-01 

DENSITY 
IalrL) 

o.oOE+OO 
O.OOEt00 
O.OOEtO6 
o.ooE+oo 
o.oOEto0 
0.00Et00 
O.cQEt00 
O.OOE+OO 
0.00Et00 
O.ODE~OO 
O.OOEt00 
0.00~tOO 
O.M)E+OO 
O.OoE+OO 
O.WEtOO 
0. OOEtOO 

O.oMt00 
0. WEtOO 
O.OOEW0 
0.00Et00 
1.53E-05 
I. Z2E-04 
9. bZE-04 
7.3M-03 
5.08E-02 
2.91E-01 
1.24Et00 

0.00Et00 
O.OoE+OO 
O.OOEtO0 
o.ooE*oo 
0.00E+00 
o.ooE+oo 
O.OOEtOO 
O.OM+OO 
o.oa€+oo 
6.OoEt00 
o.ooE*oo 
O.OoE+OO 
O.OOElO0 
O.OoEtO0 
O . ~ * O O  
O.OOEt00 

o.ooE+oo 
o.ooE+oo 
o.ooE+oo 
2.70E-OS 
2.0bE-04 
l.67E-03 
1.35E-02 
1.06E-01 
8.07E-01 
S.58EtOO 
2.19Et01 

O.OOEtM 
O.Df)E*OO 
0. OOEtOO 
0.DOEtW 
0. WEtOO 
0.00E+00 
O.OOEtOO 
O.OOE+OO 
0.00Et00 
0.00E+00 
o.uoEt00 
0. 00E+OO 
O.OOEt00 
O.OOE+OO 
O.WE*OO 
0.00Et00 

4.9~01 
4.9%-01 
4.90E-01 
(.WE-01 
4.W-01 
4.98E-01 
4.97E-01 
4.97E-01 
4.9SE-01 
4.72E-01 
4.02E-01 

O.OOEtO0 
o.(HKIoo 
O.O#+OO 
0.00Et00 
0.0OEt00 
0.00Et00 
0.00Et00 
0.00E+00 
O.OMtO0 
O.OOEt00 
o.ooE+oo 
0.0oEt00 
0. ooE*oo 
O.OM+OO 
o.ooE+Qo 
O.OOE+OO 

4.98E-01 
4.98E-01 
4.9BE-01 
4.98E-0 I 
4.98E-01 
4.98E-01 
4.97E-01 
4.97E-01 
4.M-01 
4.95E -0 1 
4.93E-01 

9.99E-01 
9.99E-01 
9.WE-01 
9.99E-0 I 
9.WE-01 
9.99E -01 
9.WE-01 
9. WE-01 
I.OOEt00 
I.OlEtM) 
I .OZE+OO 
I. 03Et00 
1,64E+OO 
1.05Et00 
1. ME too 
1.06Et00 

1.1 E+Oo 
I .  1 lEM0 
1.IIEtOo 
1, I I E t O O  
1.llEtOO 
1.1 lEt00 
1. IlEtOO 
l.llE+00 
l.liE+oO 
1.12ftOO 
1.14Et00 

FLWl RATE 
(L l r in l  - --__-_--- - 
1.03Et00 
1.03E to0 
1.03EtOO 
1.04Et00 
I.OQtO0 
1.04EtOO 
I. 04EtOO 
I. 04EtUO 
I.04Et00 
1.04Et00 
I .O4E+OO 
1.04Et00 
1. OIEtOO 
1.03Etoo 
1.03Et00 
1.03EtOO 

FLMl RATE 
(Lir1nl 

1.3OEt00 

1.3oEtOO 
I. 3Mt00 
1.3OEt00 
1.30Et00 

1.30€+00 
1.30EtOO 
I. 3Mt00 

1.31E+OO 
1.31Et00 
1.32+60 
1 . 3 2 + 0 0  
I. 32Et00 
1.32EtOO 
6.02E-01 
6.03€-01 
6.03E-01 
h. OH-0 I 
LOX-01 
b.OE-01 
6.03E-01 
6.04E-01 
b.OclE-01 
6.0bE-01 
LOBE-01 

----------- 
1.30EtOO 

I, 3oEtOO 

1.3lEtU0 

TBPSAT 
I21 

57.8 
61.6 
b6.9 
b9.2 
72.9 
79.3 
79. b 
80.7 
83.3 
89.5 

80.5 
80.3 
79.5 
75.7 
58.2 

_-___- 

81.2 

TEHP 
(C) 

50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.6 
49.9 
49.7 
49.3 
48.2 
45.4 
38.4 

20.6 
21.4 
21.2 
23.2 
24.3 
25.6 
27. I 
28.8 
30.7 
33.0 
35.5 

------ 

INVENTORY 
C W G E  (2)  

1.m-01 
1.77E-01 
1.79E-01 
1.31E-01 
7.42E-02 
3.47E-02 
3.09E-02 
2. 66E-02 
I. 84E-02 
6.19E-03 
8.36E-03 
1.69E-02 
2.69E-02 
8.4s-03 
1.05E-02 
1.23E-02 
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BPUEOUS PHBSE: 
STME N I T R I C  A C I D  URBNlUH 

NO. (n) t9lL) ----- ----------- -_-________ 
28 3.95E-01 1.30Et00 
29 3.9bE-01 1.70E-01 
30 3.93E-01 2.IBE-02 
31 3.77E-01 2.75E-63 
32 3.09E-01 3.14E-04 
32 PRODUCT STREAH 
33 5.54E-01 
34 7.19E-01 
35 1.00Et00 
36 1.4ZE+OO 
37 1.98Et00 
38 2.75Et06 
39 Z.BIEt00 
40 2.95Et00 
41 3.26Et00 
42 4.31Et00 
43 4.37Et00 
41 4.37Et00 
45 4.36Et00 
46 4.29Et00 
4? 3.97EtOO 
48 ?.E6EtOO 

ORGANIC PHASE: 
STAGE N I T R I C  BCID 

Ma. 
-”-^- 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
Ib 
17 
1s 
19 
20 
21 

23 
24 

77 

. ^  
(n) 

” --------_ 
1.20E-03 
1.20E-03 
I.20E-03 
1. ?OE-03 
I .  20E-03 
I. 20E-03 
1.20E-03 
1.22E-05 
I .  4OE-03 
2.23E-03 
3.50E-03 
4.35E-03 
4. b7E -03 
4.73E-03 
4. b8E-03 
4.7lE-03 
6.53E-Oj 
6.17E-03 
6.10E-03 
6. IOE-03 
6.15E-03 
6.38E-03 
7.10E-03 
9.34E-03 

3.41EtOl 
3.63EtOf 
2.9BEt01 
2. I IEtOl  
I. 37Et01 
9.07Et00 
8.70Et00 
B.33Et00 
7.71Et00 
7.15EtOC 
1.24E-01 
1.99E-03 
3.21E-05 
L E E - 0 7  

O.OOEtO0 
0.00Et00 

URANlM 
I q / L I  ___-------- 

Q.OOE+OO 
0. OOEtOO 
O.OOE+OO 
1.97E-08 
3.97E-07 
7.bZE-06 
I.4bE-04 
2.79E-03 
5.22E-02 
7.7!E-01 
4.98E COO 
1.33€*01 
2.21Et01 
2.92EtO I 
3.44Et01 
3.74E+01 
3.69EtOI 
4.14EtOI 
4.23EtOI 
4.26Et01 
4. ZBEtO 1 

4.32EtO 1 
4.33Et01 

4.30001 

PU ( 1 V )  
(OIL) 

4.45E-62 
B.55E-03 
2.39E-05 

r__________ 

7.13E-04 
1.9bE-OS 

1.91E+OI 
2. IbEtOl 
1.77EtOl 
1.19EtOl 
6.95Et00 

3.64Et00 
3.38Et00 
2 . 9 m 0  
2.07Et00 
4. IIE-O? 
7.62E-04 
l.4lE-05 
2.M-07 

3.89Et00 

0.00Et00 
0.00Et00 

PU (IVI 
( g l L 1  ------_--_- 

6.00Et00 
0.00E+00 
0.00€+0b 
O.OOE+OU 
0.00Et00 
O.OOEt00 
6.00E+00 
0.0OEt00 
0. OOE+OO 
O.OOE+OO 
0 . 0 0 ~ 4 0 ~  
0.00EtOu 
O.OOE*O?? 
0.WEtOO 
0.OOEW 
O.OOE+OO 
0. OOEtOO 
0.00Et06 
0.00E+00 
O.OOE+O6 
1.07E-05 
8.75E-05 
7.11E-04 
5.71E-03 

PU !lIl! REDUCTBHT 
t9 lLJ 011 ----------_ 

2.31Et01 L98E-01 
2.31Et01 3.98E-01 
2.31Et.01 3.98E-01 
2.31Et01 3.98E-01 
2.32EtOl 3.PPE-01 

0.00EtOO 0.00Et00 
O.OOEtU0 O.OOE*OO 
0.00Et06 0.00Et00 
6.00Et00 0.00Et00 
O.OOEt00 0.00Et00 

0.00Et00 0.00Et00 
0.00Et00 0.00Et00 

0.00Et00 O.00EtOO 
0.00Et00 O.OOE+OO 
O.OOEtOQ 0.00E+00 
0.00Et00 U.OOEt00 
O.OOEt.00 0.00E+00 
O.OOE+OO 0.00Et00 

O.ODEtO0 6.0OEt00 

0.00E+O6 0.00Et00 

6,00E+06 0.00Et00 

U ElTRBCT PU E X T R I C T  
FACTOR FACTOR 
___----I-_ 

0.00Et00 
0. OOEtOO 
O.OM+OO 
5. 20E -02 
5.20E-02 
5.20E-02 
5.2 LE-02 
5.3ZE-02 
6.69E-02 
1.5%-01 
3.72E-01 
LOO€-01 
7.5ZE-0 1 
8.45E-61 
9.lbE-Ol 

8.00Et06 
7.47EtOO 
7.26EtO0 
7.09Et00 
6.92Et06 
6.75Et00 
6.60EM6 
6.5bEtOO 

1.01E+00 

---------_- 
0.00Et00 
0.06EtW 
O . N E + O O  
0. OOEtOO 
O.OOE+OO 
O.OOE+OO 
0. OOEtOO 
0.00E*00 
O.OOEtOO 
0. OOEtOO 
6.OOE+OO 
0.00E*00 
0.00€*00 
0.00EtO6 
0. OOE+OO 
0.00Et00 
0.00EtW 
0.00Et00 
O.OOEtOO 
0. OOEtM) 
I. 22E-01 
I. 23E-01 
1.24E-01 
1.27E-01 

NITRATE IO# DENSITY 

4.94E-01 
4.95E-01 
4.95E-01 
4.9SE-01 
4.96E-01 

0. OOE to0 
0.00E+00 
0.00Et00 
O.OOE+OO 
0.00Et00 
6.00EtQ0 
0.00EtQ0 
0.00EtOb 
0.00EtO0 
0.00E+00 
0.00Et00 
0.00Et00 
0.00Et00 
O.OMtO0 
0.00E+00 
O.OO€+OO 

H t  EXTRRCT 
FACTOR 

2.77E-02 
2.77E-02 
2.77E-02 
2.77E-02 
2.77E-O? 
2.77E-62 
2 . m - 0 2  
2.EOE-02 
3.16E-02 
4.8BE-02 
7 S5E-02 
9.32E-02 
1. OOE -0 I 
1.02E-01 
I. Of€-Q 1 

5.37E-01 
3.2oE-01 
3.17E-01 
3.15E-01 
3.1K-01 
3.14E-01 
3. LE-01 
3.llE-01 

_-_-------- 

9. eo€-02 

(air11 
” --- ---___. 

1.13E+60 
1.13Et06 
1.13Et00 
1.13Et06 
1.13Et00 

I .  09E+00 
l.lOE+00 
I .  lOEt00 
I. 09Et00 
1.09Et00 
1. IOEtYJ 
1. lOEtOO 
I. 1 lEtO0 
1.12E+00 
1.15€+00 
1.14EtOO 

1.14Et06 
1.14Et00 

1~14Et00 
1.12Et00 
1. ME100 

DENSITY 
(9i.L) 

E. 18E-01 
8. ME-01 
8. IRE-01 

8. !BE-01 
8. IEE-01 
E.IBE-01 
8.1BE-01 
8.19E-01 

B.25E-01 
8.X-01 
8.47E-01 
0.56E-01 
9. b3E-01 
E.67E-01 
8.66E-01 
8.72E-01 
8.71E-01 
8.74E-01 
8.74E-01 
8.74E-01 
E.75E-01 
B.7SE-01 

a. ~~IE-OI 

a. IPE-OI 

FLDU AATE TEHP 
!Lirinl K! 

6.07E-01 35.5 
6.07E-61 35.4 
6.ObE-01 35.2 
6.05E-01 34.3 
L O S E - 0 1  31. I 
b. 65E-01 
1.54E-01 40.0 
1.55E-61 40.0 
1.55E-01 40.0 
1.57E-01 40.0 
1.59E-01 40.0 
LOPE-01  40.0 
2.OPE-01 40.0 
2. IOE-01 40.0 
2.12E-01 40.0 
5.53E-01 40.0 
5.52E-01 46.0 
5.52E-01 40.0 
5.S2E-01 40.0 
5.50E-01 40.0 
5.44E-01 40,O 
5.21E-01 40.0 

_^l_--_-_r_ -----_ 

FLOW RRlE TBPSAT 
(Llrinl (21 

1.5M+00 0.1 
1.50E+OQ 0.1 
1.50Et00 0.1 
1.50Et00 9.1 
1.SOEtOO 0.1 
1.50Et00 0.1 
1.50E+00 0.1 
1.50Et00 0.1 
1.50EtOO 0.2 
1.5Mt00 0.8 
1.50EtOO 4.1 

____-______ 

1.51EtOO 1O.b 
1.51Et00 17.4 
1.51Et00 22.9 
1.1i2~too 2b.e 
1.52Et00 29.1 
1.52Et00 28.9 
1.52EtOO 32.3 
1.SZEtOO 33.0 
1.52Et00 33.3 
I .  S2EtOO 33.4 
1.52EtOO 33.6 
f.SZE+OO 33.8 
I.52Et00 34.1 

IWVENTORY 
C H I G E  (2 )  

O.OOE+OO 
0. OOEtOO 
0.00Et00 
O.OOE+OO 
0.00Et.00 
0.00E+0@ 
2.53E-01 
2.47E-01 
2.04E-01 
1.2bE-01 
7.26E-02 
k.0lE-02 
2.25E-02 
I. 32E-02 
7.95E-03 
4.blE-03 
2.34E-03 
2.3’1E-03 
2.4OE-03 
2.17E-03 
2.13E-03 
2.01E-03 

1.75E-03 

_--------__ 

I . ~ S E - O ~  
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ORGANIC PHASE: 
S T M  

NO. 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
Jb 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 

--__. 
1.59E-02 4.34Et01 
3.27E-02 4.3MtOI 
6.04E-02 4.19Et01 
9 a 6DE-O? 1.06E 40 1 
I .06€-0l I .57EtOO 
1 I 07E-01 ?.O6E-01 
1.01E-OI 2.6M-02 
8.33E-02 2.9s-03 
4.8lE-02 5.45Et01 
5.77E-02 5.94E4OI 
8.29E-02 5.96Et01 
1.26E-01 5.86Et01 
1.91E-01 5.71Et01 
2.79E-01 5.6OEt01 
2.87E-01 5.57Et01 
3.01E-01 5.56Et01 
3.30E-01 5.55EtOl 
4.00E-01 5.52Et01 
8.50E-01 3.81EtOO 
8.83E-01 6.59E-02 
8.E2E-01 I.06E-03 
8.74E-01 1.6PE-45 
8. S E - O !  @.00E+00 
6.42E-01 0.00Et00 

l I A E  = 600.00 UINUTEf 

AWEOUS PHASE: 
Slf16E NITRIC ACID UHANIM 

NO. In) 1 9 1 ~ )  ----- ----______ ^---___--_ 

I 5.00E-02 O.OOEtO0 
2 5.00E-02 O.OMtO0 
3 5.OOE-02 O.OMtOO 
4 5.00E-02 3.24E-07 
5 5.00E-02 6.S4E-06 
6 5.00E-02 1.26E-04 
7 5.00E-02 2.42E-03 
8 5.02E-02 4.57E-02 
9 5.10E-02 7.13E-01 

IO 5.25E-02 5.05Et00 
11 5.34E-02 I.44EtOl 
12 5.3bE-02 2.47Et01 
13 5.36E-02 3.32E*OI 
14 5.34E-02 3.94Et01 
15 5.34E-02 4.30Et01 
16 5.55E-02 4.25EtOI 
16 PRODUCT SlRERn 
17 4.89E-02 1.16E+O1 
I8 4.87E-02 1.4OEtOl 
19 4.87E-02 1.47E+Ol 

k.50E-0? 
3.4OE-01 
2.33Et00 
1.43E-01 
:.OPE-02 
8.74E-03 
2.53E-03 
6.14E-04 
I. 36Et01 
1.64Et01 
1.68Eto1 
I. 6ZEtOl 
1,53€t01 
I .  45Et01 
1.43EtO! 
1.42Et01 
1.4IEt61 
1.40EtOI 
l.llE+OO 
2.19E-02 
4.06E-04 
7.4OE-Ob 
O.OOEtO0 
0. OM*OO 

YU (1V)  
(q/L) 

6. 89El.00 
8.3OE tOO 
1.ZOEtOl 
6.77Et00 
7.64Et00 
7.79Et00 
7.84EtOO 
7.7BEt00 
1.05E+Ol 
l.09Et01 
l .3fEtOl 
1.83€+01 
11.7?Et01 
3.07EtOI 

3.31Et01 
3.53E401 
I. 46Et01 

3. IPEtOl 

5.79€*01 
6.20E*01 
6.2OE40 I 
6.19Et01 
O.0MtOO 
O.OM+OO 

PU (1111 
IglLl 

O.OOEtO0 O.OOE*OO 
0.00Et00 0.00Et00 
o.(Mftoo 0.00EtOO 
O.OOE+OO O.OOE+OO 
0.00Et00 O.OOEtO0 
0.00Et00 0.00Et00 
O.WEtO0 0.00Et00 
O.OOEtOO 0.OMt00 
0.00Ei00 O.OOE+OO 
O.WE*W O.OM+OO 
0.OOEt00 O.OOEtO0 
0.00Et00 O.oMtO0 
0.00Et00 0.00Et00 
O.00EtOO O.OOEtO0 
o.ooE+00 O.OOE+OO 
0.00Et00 O.OOEt00 

0.OMiW 0.0oEt00 
O.OOEt00 0.OOEtOO 

1.32E-01 
1.46E-01 
2.53E-01 
5.12E-03 
I .  1 !E-05 
3.13E-04 
9.07E-05 
2.20E-05 
4.78Et00 
5.07Et00 
b.3OEtOO 
9.02Et00 
I. 44E*0 I 
I.BbE+Ol 
1.95EtOl 
2.OREtOI 
2.38E*01 
1.28~401 
5.05EtOl 
S.40E401 
5.38E401 
5.27E*OI 
O.OOE*OO 
0. OOEtOO 

REMICTANT 
(HI 

.-_-_--_--- 
O.OOE+OO 

0. OOEtOO 

O.OOE+OO 
o.00~400 
O.OOE+OO 
O.OOEtO0 
O.M)EtOO 
0.00Et00 
0. ooE*oo 
O.DOftOO 
o.ooE+oo 
0. ooE+oo 
O.OOEt00 
0.0OE+00 

O.OOE+OO 

O.QOEtOU 

1.98E-01 
4.98E-01 

3.27E-01 
3.54E -01 
4.02E-01 
2.02E-01 
z.22E-01 
2.ZJE-01 
2.25E-01 
2.24E-Ol 
5.81E-01 
5.36E-01 
5.4PE-01 
S.8bE-0 I 
6.28E-01 
5.O4E-01 
LOBE-01 
5.06E-0 I 
4.96E-01 
1.75E-O! 
L65E-01 
3.79E-01 
3. BOE-Ol 
3.83E -01 
3.99E-01 
4.39E-01 

l i l R A T E  IWI 
111) 

O.OM+OO 
O.OM+OO 
o.ooE+oo 
o.ooE+oo 
0.00Et00 
0.00Et00 
0. OOEtOO 
O.OM+OO 
0. OMtOO 
O.OMtO0 
0. OMtOO 
0.OMtOO 
O.OoE+oO 
0.00Et00 
O.OOE+OO 
O.OOE*OO 

4.PBE-01 
4.98E-01 

DENSITY 
(g/rLl 

8.75E-01 
8.76E-01 
8.78E-0 1 
8.3SE-Ol 
0.23E-01 
8.21E-01 
8.21E-01 
8.2OE-01 
9.1ZE-01 
9.23E-01 
9.25E-01 
9.23E-01 
9.22E-01 
9.21E-01 
9.21E-01 
9.21E-01 
9.ZZE-01 
9.23E-01 
8.47E-01 
8.42E-Ol 
8.4ZE-Ol 
8.41E-01 
8.4QE-01 
I,  35E-01 

DEIISITV 
IplrLl  

9.99E-01 
P.99E-0 I 
9.99E-01 
9.P9f-01 
9.99E-01 
9.99E-01 
9.99E -0 I 
9. WE-01 
I. 00Et00 
1.01E+00 
1.02EtOO 
I. 03E400 
1.04EtOO 
1, osE*oo 
1.06Et00 
I.OM+OD 

1.11EtDil 
1. I IE t00  

1.5Et06 31.8 
I.SZE+OO 36.3 
1.53EtOO 39.4 
5.03E-01 17.0 
5.OZE-01 10.9 
5.02E-01 9.9 
5.OZE-01 9,4 
5.01E-01 7.6 
1.03Et00 56.6 

l.03EtOO 66.1 
1.03E*00 68.P 
1.04Et00 73.0 
1.01E*00 79.5 
1.04Et00 79.9 
I.OlE+OO 81.0 
I.04EtO0 83.5 
1.04EiOO 81.6 
I.04Et00 81.4 
1.04E*00 80.6 
1.04EtOO 86.5 
1,0K+00 79.8 
I.03EtOO 76.0 
1.03E400 58.6 

I.OfEt00 63.4 

FLOW RRIE TEHP 
!L/rinl IC) 

1.3OEt00 50.0 
1.30Et00 50.0 
1.30Et00 50.0 
1 ~ 3OEtOO 50.0 
1.3M+00 50.0 
1.30EtOO 50.0 
l.30Et00 50.0 
1.3Mt00 50.0 
1.30€+00 50.0 
1.30Er00 50.0 
1.3lEt00 49.9 
1.31Et00 49.7 
1.31Et00 49.3 
1.32EtOO 48.2 
1.32Et00 4S.4 
1.32€400 38.4 
1.32E+OO 
6.02E-01 20.6 
LOSE-01 11.4 

_______-__ ------ 

0.00€+00 O.OMtOO 4.98E-01 4.98E-01 1. IIEtOO 6.03E-01 22.2 

1.54E-03 
1.59E-03 
I .  34E-03 
1.95E-03 
2.SlE-03 
2.79E-03 
2.89E-03 
2. WE-03 
1.48E-03 
2.41E-03 
2.ME-03 
1.87E-03 
l.lbE-03 
5.63E-04 
5.24E-04 
4.74E-04 
3. IOE-04 
1.27E-04 
1.47E-04 
2.33E-04 
5.80E-04 
2.02E-04 

2.93E-04 
~ . S B E - O ~  
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ARUEDUS PHASE: 
STAGE N I T R I C  A C I D  URANIM 

na . in) IglL)  --_-- -_---L----- _ _ _ _ _ _ _ _  _-_ 
20 4.89E-02 1.52Et01 
21 4.94E-02 1.56EtOI 
22 5.12E-01 1.61Et01 
25 5.70E-02 1.65Et01 
24 7.43E-02 1.66Et01 
29 1.22E-01 1.58Et01 
26 2.32E-01 1.30Et01 
27 3.77E-01 8.78Et00 
28 3.95E-01 1.3Mt06 
29 3.96E-01 1.70E-01 
30 3.93E-01 2.1EE-02 
31 3.77E-01 2.74E-03 
32 3.09E-01 3.13E-04 
32 PRODUCT STREAA 
33 5.55E-01 3.47Et.01 
34 7.20E-01 5.62EtOI 
35 1.01Et00 2.9EEtOl 
36 1.43Et00 2. l lEtOl  
37 1.99Et00 1.37Et01 
38 2.75EtM 9.06Et00 
39 2.81Et00 8.7Mt00 
40 2.95E+00 8.32EtOO 
41 3.26Et00 7.71Et00 
42 4.31Et00 7.14EtOO 
43 4.37Et00 1.24E-01 
k4 4.37Et00 1.99E-03 
45 4.36EtOO 3.21E-05 
46 4.29Et00 5.12E-09 
47 3.97Et00 O.OMtO0 
48 ‘2.86Et00 O.OOEtO0 

ORGANIC PMSE: 
STAGE NITRIC LCID 
NO. lit) _---- ---------1- _. 
I 1.20E-03 
2 I.2OE-OS 
3 1.20E-03 
4 I.ZOE-03 
5 1.20E-03 
6 1.20E-03 
7 1.2OE-03 
8 1.22E-03 
9 1.36E-03 

10 2.llE-03 
11 3.4OE-03 
12 4.29E-03 
13 4.65E-03 
14 4.73E-03 
15 4.68E-03 
I6 4.72E-03 

URLNIUH 
lp/L1 

0.OOE~OO 
O.OOE+OO 
0.OOEtOO 
1.46E-08 
2.95E-07 
5.68E-06 
1.0%-04 
2.09E-03 
3.95E -02 
LlEE-Ol 
4.37EtOO 
1.25EtOI 
2. I4EtOl 
2.87EtOl 
3.41EtOI 
3.72Et01 

.------ --- 

PU ( I V )  
lg/L) 

0.00E+00 
I. 53E-05 
1.22E-04 
9.61E-M 
7.29E-05 
5.OBE-02 
2.91E-0 I 

4.45E-02 

2.39E-02 
7.14E-04 
1.97E-04 

----____^_^ 

I .  24EtOO 

a.56~-03 

I .91EtOI 
2.16E401 
1.77Et01 

6.95it00 
5. 89E406 
3.6kEt00 
3.37Et00 
2.91 Et00 
2.07Et00 
4. IIE-O? 
7.61E-04 
1.41E-05 
2.64E-07 

I. 1 ~ ~ 4 0 1  

0.00Et00 
0.00Et00 

PU 1111) 
19/11 

2.70E-05 
2.06E-04 
1.67€-03 
I .35E-02 
1 .ObE-0 I 
8.07E-01 
5.5REt00 
2.19Et01 
2.3lEt01 
2.31Et01 
2.31Et01 
2.31Et01 
?.31E+OI 

0.00E+00 
O.OOE+OO 
0. OOEtOO 
0.00EtO0 
0.00E*00 
O.OOE+OO 
0.00E+00 
o.oOE*oo 
O.OMtOO 
O.OOE+OO 
0. OOE COO 

O.OOE+OO 
0.00Et00 
0.00Et00 
0.00E+00 
O . O ~ + O O  

U EXTRACT 
FACTOI! 

O.WEtO0 
0.00€*00 
0.00Et00 
O.OOE*OO 
0.00Et00 
0 . 0 0 ~ 4 0 ~  
0.00Et00 
0.00E+00 
0.00Et00 
0.00Et00 
0.00E+00 
O.OOE~O0 
0.00E*00 
O.OOE*OO 
6.00Et00 
0. OOEtOO 

0.0oE~00 
0.00Et00 
o.oc€+oo 
5.20E-02 
5.20E-02 
5.2OE-02 
5.20E-02 
5.29E-02 
b.39E-02 
1.41E-01 
3.49E-01 
5.82E-01 
7 . U - 0 1  
8.4OE-01 
9.14E-01 
1. OlEtOO 

REDUCTANT tmm ION 
in) in) 

4.9a~-o i  ~ .WE-OI  
4. PBE-OI 4. ~BE-OI  
L~BE-OI ~ . ~ E E - O I  

--------___ ----------- 

4.97E-01 4.97E-01 
4.97E-01 4.97E-01 
4.93E-01 4.96E-01 
4.72E-01 4.95E-01 
4.OZE-01 k.93E-01 
3.99E-01 4.91E-01 

LWE-01 4.95E-01 
3.98E-01 4.9R-01 
3.99E-01 4.96E-01 

~ . W E - O I  4.95~-01 

0.00Et00 0.00Et00 

0.00E+00 6.OOEt00 
O.M)E*OO O.OOE+OO 

0.00Et00 0.00Et00 
0.00Et00 0.00Et00 
0.00E400 0.00E+00 
0.00Et00 0.00E+00 
0.00Et00 0.00Et00 
0.00Et00 O.OOE*OO 
O.00EtOO 0.0OEt00 

0.00E+00 0.00€+00 
0. OOEtOO 0.00Et00 

0.00E100 0.00E+00 
0.00E+00 O.OOEM0 
O.WE+OO O.OOE+OO 
0. OOEtOO 0.00Et00 

PU EXTRElCT H t  EXTRACT 
FACTOR FACTOR 

0.00€*00 2.77E-02 
O.WEt00 2.77E-02 
0.00Et00 2.77E-02 
0.00Et00 2.77E-02 
0.00Et00 2.77E-02 
0.00Et00 2.77E-02 
0.00Et00 2.77E-02 
O.OOEtOO 2.19E-02 
0.00Et00 3.08E-02 
O.OOE+OO 4.h1E-02 
0.00Et00 7.32E-02 
0.00Et00 9.21E-02 
O.WE+OO 9.99E-02 
O.oQE+OO LOX-01 
O.OOEtO0 1.01E-01 
0. OOEtOO 9.8OE-02 

_^------___ _____----- 

DENSITY 
l9 / rL )  

1.11Et00 
1.llEtOB 
I # 11EtOO 
1. l lEtOO 
1. l lEt00 
1 * 1 IEtOO 
I .  12Et00 
1.l4EtOO 
I .  13Et00 
1.13EtQQ 

1.13Et00 
1.13Et00 

--”---___^_ 

1.13ft00 

I .  OSE too 
1. I O E t O O  
I. I O E t O O  
1.09Et00 
1.09EtN 
l.lOEt00 
I. I O E t O O  
1.1 lEtOO 
1.12Et00 
1.15EtOO 
I. 14Et.00 
1.14Et00 
1.14Et00 
1.14E*00 

1.09E+00 
1.12Et00 

DENSITY 
IglrL) 

FLDW RATE 
( L l r i n )  

6.03E-01 
6.03E-01 
6.03E-0 I 
6.03E-01 
b.OlE-01 
6. Q4E-01 
6.ObE-01 
4.08E-0 I 
6.07E-01 
6.07E-01 
b. ObE-Ol 
6.ObE-01 
6.09-01 
b.05E-Ol 
I. 54E-01 
I .55E-Ol 
1.55E-01 
1.57E-01 
1.59E-01 
?.OPE-Ol 
LOPE-01 
2. IOE-01 
2.12E-01 
5.53E-01 
5.52E-01 
5.52E-01 
5.52E-01 
5.50E-01 
5.44E-51 
5.24E-01 

FLOW RATE 
(L/r in)  

8. IBE-01 
8. ME-01 

8. IRE-01 
8.I8E-01 
8.18E-01 
8.18E-01 
8. IBE-01 

8.19E-01 
8.24E-01 
8.34E-01 
8.46E-01 
E.%€-01 
8. h3E-01 
8.67E-01 

8. iaE-01 

a. KIE-OI 

1.soE+o0 
I. 50E to0 
1.50€*00 
1.5M+00 
1.50E+OO 
1.5oE+oo 
1.50€(QU 
1.5MtOO 
1.5OE+OO 

1.5OE*OO 
I. 51Et00 
1.51Et00 
I. 51EtOO 
1.52€+00 
1.52Et05 

1.50EtOO 

TEnP 
1C) 

23.1 
24.3 
25.4 
27.0 
20.7 
30.7 
32.9 
35.5 
55.5 
35.4 
35.2 
34.2 
31.0 

40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 

------ 

TBPSRT 
12) 

0.1 
0.1 
0. I 
0.1 
0.1 
0. I 
0.1 
0.1 
0.2 
0.7 
3.7 

10.0 
l b . 8  
22.5 
26.6 
29.0 

----__ 
INVENTDRY 
CHAWGE 11) 

0.00Et00 
0. OOEtOO 
O.M)E+OO 
0. OOEeOO 
O.OOE+OO 
0.00E*00 
6. I IE-02 
5.92E-02 
4.99E-02 
3.10E-02 
1.77E-02 
9.57E-03 
5.23E-03 
2.81E-03 
1.5lE-03 
6.6lE-04 
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ORWIC PMSE: 
STAGE N I T R I C  ACID 
NO. 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
k5 
4b 
47 
48 

---_- in) .---------- 
6.53E-03 
b. NE-03 
6.llE-03 
6. 10E-03 
b.lhE-03 
6.ME-03 
7. IO€-03 
9.34E-03 
1.59E-02 
3.27E-02 
6.04E-02 
9.60E-02 
1.06E-01 
1.07E-01 
1.02E-01 
8.32E-02 
4.81E-02 
5.78E-02 
8.30E -02 
1.2bE-01 
1. PIE-01 
2.79E-01 
2.88E-01 
3.01E-01 
3.30E-01 
4. WE-01 
8.5OE-01 
8.83E-01 

8.74E-01 
8.33E-01 
6.42E-01 

8.m-01 

URANIN! 
IglL) 

-..-____I-_ 
3.68Et01 
4.14Et01 
4.23Et01 
4.26Et01 
4.28Et01 
4.29E4Q I 
4.31Et01 
4.33001 
4.33EtOl 
4.30Et01 
4.lBEt01 
l.ObEtO1 
1.57Et00 
2.05E-01 
2.6aE-02 
2.94E-03 

5.94Et0 1 
5.9bEt01 
5.86ElOl 
5.72Et01 
5. b0EtOl 
5.57Et01 
5.5bEt03 
5,55EtOI 
5.52Et01 

6.59E-02 
I.ObE-03 
1.69E-05 
o.ooE+oo 
0.00E+00 

5.44Et01 

3.81Et00 

TIME = 800.00 MNUTEt 

ARUEOUS PHASE: 
SlUE MITAlC ACID 
NO. IA) --_-- --------I*_ 

1 5.W-02 
2 5.OOE-02 
3 5.M-02 
4 5 . M - 0 2  
5 5.00E-02 
6 LODE-02 
7 5.00E-02 
8 5.0-E-02 
9 5.10E-02 
10 5.24E-02 
1 1  5.33E-02 
12 5.ME-02 

URIIN I UI( 
Iq lL)  ---- - 

o.ooEto0 
0.00Et00 
0.00€~00 
3.04E-07 
6. IbE-Ob 
1.W-04 
2.2BE-03 
4.32E-02 
6.81E-01 
4.91Et00 
1.42Et01 
2.45ftOl 

PU (IV) 
lg1L1 

O.OOE+00 
0. OOEtOO 
0.00Et00 
O.OOEtOO 
1.07E-05 
8. f4E-05 
7. I IE-04 
5.71E-03 
4.50E-02 
3.4OE-81 
2.33Et00 
1.43E-01 
LOPE-02 
0.74E-03 
2.54E-03 
6. ISE-04 
1.36EtOl 
I .  64EtOl 

1.62Et01 

----------- 

I.ME+Ol 

1.53EtOI 
1.45EtOl 
1.43EtOl 
1.42Et01 
1.41EtO1 
1.4OEtOl 

2.19E-02 
4. ME-04 
7.W-Ob 
O.OoEtOO 
o.DoE+M) 

1.1 1 Et00 

PU 1 I V )  
(q/LI ---------- 

0.M)EtOO 
O.OOEtW 
o.OoEt00 
O.OOElOO 
O.OEt00 
0.00Et00 
O.Wt00 
0.00Et00 
O.OOEt00 
0. OOEtOO 
0. ON+00 
O.OOEt00 

U EXTRACT 
FACIOR 

8.0oEtOO 
7.4BEt00 
7.2bEfQ0 
7. IOEt00 
6.93Et00 
b. 76EtOO 
6.61EtOO 
6.57EtOO 
b. 9MtOO 
8.31EtOO 
1.20E+Ol 
6.77Et00 
7.64Et00 
7.79Et00 
7.84Et00 
7.78Et00 
1.05E+01 
I.09EtOl 
L.33EtOl 
1. 83E t D I  
2.72Et01 
3.08Et01 
3.lEtO1 
3.31Et01 
3.53EtOl 
I.4bEtOl 
5.79EWI 
b.ZOEt01 
6.20Et01 
6.19EtOl 
O.o6E+40 
0. OOEtOO 

PU (111) 
IqlL) 

0. OOEtOO 
o.ooE+4o 
o.ooEtoo 
0 . ~ t 0 0  
0.0oE80 
O.OM+OO 
0 . 0 ~ ~  
0. OOE too 
0.00Et00 
0.OOEtOO 
O.OMtO0 
o.oMtoo 

-I--------- 

PU EITRACT 
FACTOR ---------- 
0.00Et00 
0.00Et00 
0.00EtOO 
0.00Et00 
1.ZZE-01 
1. 23E-01 
1 J4E-01 
1.27E-01 
1.32E-01 
1.46E-01 
2.53E-01 
5.12E-03 
I. 1 E-03 
3.13E-04 
9.09E-05 
2.20E-05 
4.78EtOO 
5.OBEt00 
6.31Et00 
9.03Et00 
1.44EtOI 
1.BbEtOl 
I. 95EtO 1 
Z.OEE+Ol 
2.3BEtOl 
1.28EtOI 
5.05EtOl 
5.4OEt01 
5.38EtOl 
5.28EtOl 
0.OMtOO 
0.00Et00 

REDUCTANT 
(MI 

0. 00EtOO 
0.00EtW 
0. mtoo 
o.w*00 
O.OOEt00 
O.WEtO0 
0.00Et00 
0. OOEtM) 
0. 00Et00 
0. WEtOO 
0.00Et00 

---------_- 

O.OOEtO0 

Ht EXTRACT 
FACTOR 

3.37E-01 
3.m-01 
3.17E-01 
3.16E-01 
3.15E-01 
3.14E-01 
3.1%-01 
3. IeE-01 
3.27E-01 
3.54E-01 
4.02E-0 I 
2.02E-01 
2.22E-01 
2.2sE-01 
?.2SE-0 1 
2.24E-01 
5.8lE-01 
5.36E-01 
5.49E-01 
5.86E-01 
6.28E-01 
5.04E-01 

5.06E-01 
4.96E-01 
1.7%-01 
3.6SE-01 
3.79E-01 
3.9M-01 
3.83E-01 
3.99E-01 
4.39E-01 

____-^_L___ 

~.OIJE-OI 

DEUSITY 
Lqlrll ----------- 
8.66E-01 
8.72E-0 1 
8.73E-01 
8.74E-01 
8.74E-01 
9.74E-01 
LEE-01 
E. 7‘3-01 
8.75E-0 1 
6.76E-01 
8.78E-01 
8.35E-01 
R.23E-01 
8.21E-01 
B.ZlE-01 
8.20E-01 
9.m-01 
9. ?3f -01 
9.24E-01 
9.23E-01 
9.22E-01 
9.2lE-01 
9.21E-01 
9.2 I E-0 I 
9.22E-01 
9.23E-01 
8.47E-01 
B.42E-01 
8.42E-01 
8.41 E-01 
B.IOE-01 
8.35E-01 

NITRRTE ION 
(Mi 

o.o0E+oo 
O.OM+OO 
O.OOEtOO 
0.oOEtw 
0. OOEtOO 
O.WtO0 
0.00Et00 
O.OM+oo 
O.OOEt00 
0.WEtOO 
0.00Et00 
0. OOEtOO 

----------_ - 
DENSITY 
(a1.L) 

9.99E-01 
9.99E-01 
9.99E-01 
9.99E-01 
9.Q9E-01 
9.99E-01 
9.WE-01 
9.99E-01 
1. OE*OO 
l.OiE+W 
1.02Et00 
1.03Et00 

-_------- 

FLMl RATE 
(L/rinl 

1.52Etoo 
I .SZEtOO 
I. 52Et00 
1.52Et00 

1.52Et00 

1.5?E+00 

-------____ 

1.52EtOO 

1.52EtOO 

1.5iftOO 
1.52Et00 
1. %Et06 
5.6fE-01 
5.02E-01 
5.02E-01 
5.02E-01 
5.01E-01 
i.oztoa 
I .U3EtOO 
l.03EtOO 
1.03Et00 
1,04EtOO 
1.04EtOO 
l.OIEt00 
1 .O4Et00 
1.04EtOO 
I. O4Et00 
I.04ElOO 
1 .O4EtOO 
I.OIEt00 
1.03Etoo 
1.03Et00 
l.OA+OO 

FLW RRTE 
I L l i r n l  

-------_L-_ 

1.30€+00 
1.3MtOO 
1.30EtOO 
1.30E+00 
1.30Et00 

1.30Et00 

1.30Et00 
1.3OEtOO 
1.31Et00 
1 JlEt00 

1.3o~toa 

1.3Mt00 

TBPSAT 
lZ1 

28.9 
32.3 
33.0 
33.2 
33.4 
33.5 
33.7 
34.1 
34.7 
3b.2  
39.4 
1!.0 
10.9 
9.9 
9.4 
7. 6 

56.6 
63.4 
66. I 
b8.9 
73.0 
19.5 
79.9 
81.0 
83.5 
89. b 
81.4 
80. b 
80.5 
79.8 
76.0 
58. b 

-----_ 

TEltP 
IC )  

50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
49.9 
49.1 

------ 

INVENTORY 
CHWE I Z )  

fi.02E-05 
2. 6OE-05 
1.15E-04 
1.79E-05 
4.94E-05 
2. &E-04 
3.16E-04 
1.57E-04 
3.ME-05 
4.ihE-05 
3.94E-05 
8.23E-05 
2.03E-04 
2.03E-04 
2 . M - 0 4  
2.95E-04 
3.39E-05 
5.OlE-05 
5.71E-05 
4.04E-05 
1.06E-04 
5. 8ZE-05 
4.22E-05 
4.OlE-05 
3.OZE-05 
0. MKtW 
O.OoEtO0 
O.OOEtO6 
0.00EtOO 
O.OOEtO0 
O.OOEt00 
O.OOEtO0 

---_------- 



13 
14 
15 
16 
16 
17 

19 
20 
21 
22 
23 
24 
25 
26 
27 

29 
30 
31 
32 
32 
33 
31 
35 
3h 
37 
36 
59 
40 
41 
42 
4J 
41 
45 
46 
47 
48 

i a  

za 

5.36E-02 3.30EtOI 
5.34E-02 3.93Et01 
5.34E-02 4.29EtOl 
5.55E-02 4.2SEtOl 

4.89E-02 I. I6EtOl 
4.87E-02 1.4OEtOl 
4.87E-02 1.47EtOl 
4.89E-02 1.SZEtO1 
4.94-02 I. 5bEt01 
5.12E-02 1.6lEtOl 
5.70E-02 1.65EtOI 
7.43E-02 1.66EtOl 
I. 22E-01 I .58EtOl 
2.32E-01 I.30EtOl 
3.77E-01 8.78Et00 
3.95E-01 1.30Et00 
3 .W-01  1.70E-01 
3.q3E-01 2. IBE-02 
3.77E-01 2.74E-03 
3.09E-01 3.13E-04 

5.55E-01 3.47Et01 
7.20E-01 3.62Et01 
1. OlEtOO 2.98EtOl 

1.99Et00 1.37Et01 

PROOUCT STREdA 

PRODUCT STREAR 

1.43Et00 2. l lEtOl  

2.75Et00 9.0bEt00 
,2.81Et00 8.70Et00 
2.95Et00 8.32Et00 
3.26Et00 7.71Et00 
4.31EtM 7.14€+00 
4.37Et00 1.24E-01 
4.37Et00 1.99E-03 
4.36Et00 3.21E-05 
4.29Et00 5.12E-07 
3.97Et00 0.00Et00 
?.BbEtOO O.OOEt00 

ORGANIC PHASE: 
STAGE N I T R I C  K I D  

no. 1A1 
_I_-- ------___c_ 

I 1.2OE-03 
2 1.2OE-03 

l.?OE-03 
4 1.?6€-03 
5 1.20E-5j 
6 1.20E-03 
7 1.2OE-03 

0. OOEtOO 
0.00€+00 
0.00Et00 
l.37E-08 
2.76E-07 
5.3SE-Ob 
1.03E-04 

PU ( I V I  
IglL! 

0.00Et00 
O.OOEtO0 
0.00Et00 
0. OOE to6 

0.00Et00 
O.OOE400 
0.00EtO0 
O.OOE+O6 
1.53E-05 
1.22E-04 
S.blE-04 
7.29E-03 
5.08E-02 
2 .  PIE-01 

4.45E-02 
8.56E-03 
2.39E-03 
7.14E-04 
1.97E-04 

-------___ 

1 .?4EtO0 

1.91Et01 
2. l6EtOl 

1.18EtOl 
6.95Et00 
3.89€+00 
3.64Et00 
3.37Et00 
2.91EtOQ 
2. D7EtOO 
4.l lE-02 
7.6lE-04 
1.4lE-05 
2.64E-07 
0. O O E t O O  
0.00EtOu 

1.77Et01 

PU (IU! 
Ig lL!  

_____-_____ 
6.00E+Ot? 
Q. OOEt00 
0.00Et00 
O.OOE+OO 
0. OOEtO0 
O.OOE+OO 
6.00€+60 
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0. OOEtOO 
0.00E+00 
0.00Et00 
6.00E*00 

0.00Et00 
0.00EtO0 
O.OOE~Oo 
2.70E-05 
2.ObE-04 
I .67€-03 
1.3s-62 
I. N E - 0 1  
8.07E-01 
5.58E +OD 
2.19EtOl 
2.31E101 

2.31Et01 
2.31EtOl 
?.SlEtOl 

0.00E+00 
0. OOEtOQ 
0. OOE tO6 
O.OM+OO 
0.00Et00 
0.00Et00 
0.00Et00 
O.OMtOO 
0.00E+00 
0. OOEIOO 
0.00Et00 
O.OOEtO0 
O.OM+OO 
0. OOEtOO 
0. OOE to0 
6. OOEtOO 

?.31E+OI 

Li EXTRRCT 
FACTOR 

0.00EtOO 
O.OOEtO0 
0.00Et00 
0.00Et00 

4.9EE-01 
4. WE-01 
4.9UE-01 
4. PEE-0 I 
4.9BE-01 
4 I F8E-01 
4.9lE-01 
4.97E-01 
4.93E-0 I 
4.72E -0 1 
4.02E-01 
3. WE-01 
3.98E-01 
3.9EE-01 
3.98E-01 
3.99E-01 

0.00E+00 
0.00Et00 
0.00E+00 
O.OOEtO0 
O.OOE~OO 
O . O O E ~ O 0  
O.WE*OO 
0.00E~00 
0.00Et00 
0. OOEtDO 

O.OOE*OO 
0.00E+00 
0.0OEt00 
0.00E+00 
0.00Et00 

0.00Et00 

PU EYTRACT 
FACTOR 

_ _ _ _ _ _ - _ _ _ _  ________I__ 

‘J.OOE+OO O.OOE+PO 
0 .  O O W O  O.O0E*OO 
0.00Et00 0.00Et00 
5.?OE-02 0.00Et00 
5.20E-02 0.00E+00 
5.2OE-02 O.OOE+CO 
S.?OE-OZ 0 . 0 a ~ t o o  

0.00E+00 
O.OOE+OO 
0.00Et00 
O.OOE+OO 

4.9BE-01 

4.98E-01 
4.98E-01 
4.98E-01 

4.97E-01 
4.97E-01 
4. ?LE-01 
4. 95E-01 
4.9JE -01 
4.9IE-01 
4.95E-01 
4.95E-01 
4.95E-01 
4.9bE-01 

4. 9aE-01 

4.9a~-o i  

0. OOEtOO 
0.00Et00 
0. OOEtOO 
0.00EtO0 
0.00E+00 
0.0OE*00 
0. OOEtOO 
0.00Et00 
0.00Et00 
0.00Et00 
0.00€~00 
0.00E+00 
0.00Et00 
0.00Et00 
0.00Et00 
ii. OOEtOO 

H t  EXTRACT 
FACTOR 

2.77E-02 
2.77E-02 
2.77E-02 
2.77E-02 
2.77E-02 
2.77E-02 
2.77E-02 

__-_-----__ 

IglrLJ 

1 * OIEtOO 
1.05Et00 
I .  ObEt00 

-------^--_ 

1.0bE+06 

1. I 1EtOO 
I. l lEtOO 
l.llE+OO 
1.11Et00 
1.1 !Et06 
1.llEtOO 
I .  1 lEtO0 
1.1 IEtOO 
1.1 lEtO6 
1.12Et00 
1.14~teo 
1.13Et00 
1.13Et00 
1.13E*00 
1.13Et00 
1.1 X t O O  

1,09E+O(I 
1. IOEtO6 
1. IOE+00 
1.09E400 
I. O9EtOO 
l.lOEt00 
1.lOEtOO 
1.1 lEt00 
I .  12Et00 
I. 15Et00 
1.14EtOO 
1. I4E+00 
1.14Et00 
1.1 E t 0 0  
I .  12Et00 
1.09Et00 

DENSITY 
IpinL! 

B.18E-01 
8.19E-01 
8.1EE-01 
8.18E-01 

8.1EE-01 
8.18E-01 

______---__ 

8.m-o I 

FLOW RAT€ TERP 
(L/rinJ (Cl 

1.31Et00 49.3 
1.32Et00 48.2 
1.32Et00 45.4 

l-_-------l I----- 

1.32E100 38.4 
I. 32Et00 
b.02E-01 2O.b 
6.03E-01 21.4 
L O X - 0 1  22.2 
6.03E-01 23.2 
LOSE-01 24.3 
6.03E-01 25.6 
4.03E-01 27.0 
LO)€-01 28.7 
6.64E-01 30.7 
6.ObE-01 3 2 . 9  
b. OPE-01 35.5 
6.07E-01 35.5 
6.67E-01 35.4 
6.06E-01 35.2 
6.0bE-01 34.2 
LOSE-01 31.6 
LOSE-01 
1.54E-01 40.0 
1.55E-01 40.0 
1.55E-01 40.0 
1.57E-01 40.0 
1.59E-01 40.0 
2.09E-01 40.0 
2.09E-01 40.6 
2.10E-01 40.0 

5.53E-01 40.0 
5.52E-01 40.0 
5.52E-01 40.0 
5.52E-01 40.0 
5.5OE-01 40.0 
5.44E-01 46.0 
f.24E-01 4C.O 

Z.IZE-OI 40.0 

FLOY RRTE 
iLlrinJ 

1.50Et00 

1.50E+06 
1.50Et00 
I. 50Et06 
I. 50Et00 
I .  50EtOO 

_ _ _ _ _ ^ - - - - _  

I . 5 e ~ t o 0  

TBPSAT 
IIJ 

0.1 
0.1 
1.1 
0.1 
6. I 
0.1 
0. I 

___--- 
IKVENTOHY 
CHANGE (I! 

0.00Et00 
O.DOE+OO 
0, OOEtOO 
0.00Et00 
O.OOE+OO 
0.00E+00 
1. oh€-02 

8 l.2lE-03 1.98E-OS 0.00Et00 5.29E-02 0.0OEt.00 2.79E-02 8.18E-01 1.50Et00 0.1 1.03E-82 



RRGAIIC PHASE: 
STAGE NITRIC ACID 

No. 

9 
16 
I1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
? b  
27 
28 
29 
36 
31 
32 
33 
34 
35 
36 
37 
i a  
39 
46 
4 1  
42 
43 
44 
45 
46 
47 
48 

----- !HI 

1.36f-03 
2.09E-03 
3.37E-63 
4.2BE-03 
4.6%-03 
4.75E-03 
4.68E-03 
4, !2E-0; 
h.53E-03 
6 .  IRE-02 
b .  I 1E-05 
6.16E-03 
b. lbE-03 
6. 38E-03 
7.10E-0: 
9.34E-65 
1. :?E-02 
3.27E-02 
b.64E-02 
9. ME-62 
I.06E-61 
1 .07E-61 
1.62E-01 
8.32E-02 
4. 8lE-O? 
5.78E-02 
8.3OE-02 
1.26E-01 
I.9IE-01 
2.7%-01 
2. R8E-01 
3.01E-01 
1.30E-01 
4.6OE-01 

8. R3E-01 
8.82E-61 
8.74E-61 
8.33E-01 
b. 42E-61 

------__-_ - 

~ S O E - ~ I  

UABNlUH 
!g/LI 

2.74E-02 
5.96E-61 
4.26Et6G 
I.?iEt61 
2.13E+O1 

3.40Et02 
3.72EtOl 
5. bBEtO1 
4.14EtOl 
4. ?3Et61 
4.2bEt62 
4.28Et0 : 
4.29Et61 
4.j lEt61 
4.53Et61 
4.53E+OI 
4.30E+61 
4, IBEtOl 
l .OL&+Cl  
1.57EtO!i 
?. 65E-01 
2.6OE-?? 
2 . w - o 3  
5.44EcOl 
5.94Et01 
5.96E +6 1 
5.86Et01 
5.72Et01 

5.57Et61 
5.56€*0 1 
5.55Et01 
5.5?E+OI 
3.8IEt00 
0.59E-62 
1.06E-0: 
1.69E-65 
3.06EtOu 
t l . N E + O D  

-_- _ _  

z . a m c i  

5 ,  b6EtO 1 

TIRE = 1660.00 HINUTEE 

PU !IS! 
((1/Li 

O.OOEt60 
0. OOE t 6b 
0.00EtO6 
O.OUE+66 
0,00E+O@ 
6.00060 
O.WEt00 
0. OOEtOB 
O.OOE+OO 
0.06EtOO 
0.06EtOS 
0. b6Et6O 
1.07E-05 
R.74E-05 
7.l lE-04 
5.71E-05 

3.4OE-01 
2.33EtW 
I .  43E-01 
3.69E-02 
8.74E-0: 
2.54E-62 
b.15E-04 
1.56E+01 
1. b4E+Ol 
I .68E+01 
I. 62E+Ol 
1.53€+01 
1.45Et01 
I .  4 3 0 6  I 
1.42E+O! 
1.41EtOl 
I. 40Et01 
1.1 If+6O 
2. I?€-02 
4 .ObE-04 
7.40E-Ob 
0.60E +# 
D.O0E*06 

4.50~-02 

PU fIUi 
!9/L) ___-------- 

0.00E+00 
0.06Et6C 
0.OOEtOO 

U EXTRACT 
FACTOR 

6. 54E-02 
1 .W-0:  
3.4IE-01 
5. R E 4 1  
7.4OE-01 
8.39f -01 
9.14E-31 
I. 01E +OD 
8.OMt60 
7 . W  +60 
7.27Et00 
?. IOE*6G 

6. 76E+u0 

--- - -- - -- -- 

6.  SJE+OO 

6. blEtOO 
b .  57EtLll? 
b.9OEtOir 
8.;lE+uO 
I.ZOE+Ol 
6.7fEtu6 
7.64Et60 
7.79E46@ 
7.84Et6il 
7.78EtU0 
:.cSEtiJ: 
I. 69E+O1 
l.;SE+Ol 
1.83€+61 
2.7?Et01 
;.OBE+Ol 
3.18Et01 
3 . 3 l E W  
3.55E +O I 
1.4bE+OI 
5.79Et01 
b.?M+OI 
6.2OEtOl 
6. 19Et01 
9.OOEtO6 
6.60E+66 

61 

PU EXTRBCT 
FACTOF 

0.00Et60 
O.OOEtO6 
0.00Et09 
0.06Et06 
O.06Et60 

4.00Et00 
0.06EtOO 
O.(!OEtW, 
0.6OE+O0 
0.60Et09 
6.0UEt00 
1.22E-91 
1.2iE-01 
1.24E-O! 
1.27E-61 
1.32E-Cl 
1.4bE-01 
?.53E-(l! 
5.1 ZE-63 
I .  1 LE-0; 
3. I jE-64 
9.09E-65 
?.20E-05 
4.78E*O'J 
5.08E*00 
6.31Et00 
9.03Et06 
1.44EtOI 
I .ME+Ol 
1.95Et01 
2 .  OBEtOl 
2.3K (01 
1.29EtOl 
5.05E*61 
5.4OEt01 
5.38€+61 

0.66EtOO 
O.O0E+OU 

3.0bEt00 

5.2a~toi 

H I  EXTAACT 
FACTOR 

3.07E-02 
4.66E-02 
7.27E-02 
9.1%-02 
9.9BE-62 
1.62E-dl 
1.01E-01 
9. 90E -62 
3.37E-01 
3.?OE-61 
S. 17E-01 
3.lbE-C: 
5.15E-91 
5. I4E-61 
3.15E-01 
z .  18E-DI :. ??E-01 
3.54E-61 

?.OX-61 
2.ZZE-Of 
2.2%-01 
2.25E-01 
2.24E-01 
5.81E-01 
5 . M - 0 1  
5. NE-0  1 
5 . M - 0  1 
6.28E-61 
5.04E-111 

5.06E-0 I 
4.9bE-01 
I. 75E-61 
3.65E-01 
s. 79E-0 1 
3.80E-01 
3.83E-01 
3.99E-01 
4.39E-01 

___________  

4. nzE-9 I 

5. oaE-oi 

QENSITV 
191.L) 

L IRE-01 
6.19E-61 
8.24E-01 
&.34E-01 
8.4aE-01 
E. 5bE-01 
8.bjE-01 
8.67E-Ul 
8. bbE-61 
8.72E-01 
E. 73E-01 
9.74E-Cl 
8.74E-6 1 
8.74E-01 
6.75E-0! 
8.75E-01 
8.75E-01 
b.!bE-01 
E. ?BE-61 

8.2jE-O! 
B.!lE-61 
B.21E-01 
@.26E-r?! 
P.12E-0! 
9.23E-6 I 
9.24E-61 
9 . X - 0 1  
9.2?€-01 
9.21E-01 
9.ZlE-01 
9.21E-01 
9.22E-0 1 
9.23E-01 

6.4ZE-61 
8.42E-61 
8.4 I E-0 1 
B.4OE-61 
B.35E-61 

--- ---- ---- 

II.EE-~JI 

a.47~-61 

DENSITI 
(p/.L) 

.------ --_- 
9.99E-01 
9.99E-01 
9.99E-01 

FLOW RATE 
!i:ainl 

! .56Et00 
1 .56EtUO 
l.SGE+OG 

-------I-- 

1.51EtUO 
I. 51EtOO 
1.5IEtu0 
1.52E+O0 
1.:ZE+O6 
1.52Et00 
1.52Et00 
1.52€+06 
1 .;?Et60 
I. 52EtOD 
I. 52E t60 
1.52Et00 
I .  5?E+60 
I .  5iEt60 
1.52€+60 
I.SfEt06 
5. OSE -6 1 
5.0ZE-61 
5.OZE-Ul 
5.02E-91 
5.01E-01 
1*D3€+00 
1.63EtOO 
1.63Et06 

I. 04f to(, 
1.64Et06 
1.04Et00 

1.OKtO6 
1.04Et6O 

1.03Et00 

1.04€+6@ 

1.04EtO6 
I. 04E+(16 
1. QIEtOO 
1.03E+OO 
1 .OE+06 
1 .t13E+00 

TBPSAT 
(1) 

0.2 
6. b 
3.6 
9.9 

16.7 
22.4 
20.5 
29.6 
28.9 
32.3 
53.6 
33.2 
53 .4  
53.5 
3S.i 
34.1 
54.7 
36.2 
39.1 
17.6 
16. P 
9.9 
9.4 
7.6 
5h.6 
65.4 
66.1 
68.9 
73.0 
79.5 
79.9 
81.6 
83.5 
89.6 
81.4 
86. 6 
90.5 
79.0 
7b.O 
58.6 

------ 
INVENTORY 
CHANGE ( Y l  

8.75E-63 
5.42E-03 
3.10E-6; 
I .  b7E-63 
9.03E-64 
5.23E-04 
?, 77E-64 
8.78E-05 
6.60EtOO 
O.O6E+O6 
0.66EtO6 
0.06EtOO 
0.00€+00 
0,00E+66 
0. OOEtOO 

0.6OEt60 

6.0OE+OO 

0.00E+60 

0. 06EtOii 

0.66Et00 

O.OOEtO6 

O.OOE+OO 
O.OOE+Oo 
O.OM+O@ 
0.00E+00 
O.OOE+60 
0.IMEtOO 
0.00E+00 
6.00€+00 
0.00Et06 
6.00E+00 
O.OM+OO 
6.00f+OO 
0.00Et66 
0.00€+66 
0.00Et60 
O.OoEtO6 
0.00Et06 
0.00E+00 
0.00E+6O 

4 5.06E-02 5.01E-67 6.00E100 O.0OEtOO O.O(rE+OO U.O6E*60 9.99E-01 1.30Et60 50.0 



5 
6 
7 
8 
9 

10 
I1  
12 
13 
I 4  
15 
I6 
16 
17 
I8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
31 
33 
s4 
35 
36 
31 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

5.00E-02 6.10E-Ob 
5.00E-02 1.18E-04 
S.6OE-02 2.26.E-03 
5.02E-02 4.2EE-02 
5.lOE-02 6.75E-01 
5.24E-02 4.E9Et00 
5.33E-62 1.42Et01 
5.36E-02 2.45EtOI 
5.36E-02 3.30Et01 
5.34E-02 3.93Et01 
5.34E-02 4.29Et01 
5.55E-02 4.25Et01 

4.E9E-02 1. IbEtOl 
4.87E-02 I.40EtOl 
4.B7E-02 1.4Xt61 
4.89E-02 I.S?EtOl 
4.94E-02 I .56EtO 1 
5.I?E-02 1.61Et01 
5 .NE-E  1.65EtOl 
7.43E-62 I.6bEtOl 
1.22E-01 1.58Et01 
2.32E-01 1.30E+OI 
3.77E-01 E.7EEt00 
3.95E-01 1.30Et00 
3.96E-01 I .70€-01 

3.77E-01 ?.74E-03 
3.09E-01 3.13E-04 

5.55E-01 3.47EtOl 
7.20E-01 3. b?E+Ol 
1.01EI.00 2.98E401 
1.43Et00 2.llE*01 
I .99Et00 1.37EtOI 
2.75Et00 9.06Et00 

PRODUCT STREAH 

3.9jE-0 1 2. IBE-O? 

PROOUCT STRERM 

2 . ~ 1 ~ 4 0 0  8. 7 0 ~ + 0 0  
2.95Et00 8.3?€400 
3.26EtOO 7.7 lEtO0 
4.31Et00 7.14Et00 
4.37E400 1.24E-01 
4.37EtOO 1.99E-03 
4.36Et01) 3.21E-05 
4.29Et00 5.12:-07 
3.97EtOO 0.00Et00 
2.BbEt00 0.00Et06 

0.60Et00 0.00Et00 
O.OOE+Of: 0.00Et00 
6. OOEtOO 0.06EtOU 

6.OOEtOO 0.00Et06 
0.00EtOu 0.00Et00 

0.00EtOU O.OOEt00 
0. OOE+OO 0.00Et00 
0.00Et06 u.OOEt00 
0.0OEW 0.00Et00 
0.00EtOii O.OOEtO6 
6.00EtOO 0.OOEtOO 
O.OOEtO6 0.00E'0@ 

0.00Et00 0.00E+00 
0.00Et00 0.00EtOu 
C.OOE+OO 0.00Et00 
0.00Et00 2.70E-05 
1.53E-C5 2.0bE-04 
1.22E-04 1.67E-93 
9.61E-04 !.35E-U? 
7.29E-0; 1.06E-01 
LOBE-62 8.07E-01 
2.91E-01 5.5EEt00 
1 .?4E+00 2. IPEtOl 
4.45E-62 2.31Et01 
8. %E-03 2.31Et0 I 
2.39E-02 2.31Et01 
7.14E-04 2.3lEi61 
1.97E-64 2.31E101 

I.91E+OI 0.00Et00 

1.77E46 I 0.0OEt00 
l . l8E+Ol 0.60EN6 
b.95Et00 0.00EtOO 
3.89EtOO 0.00E+00 

3.37EtOU 0.00Et06 
2.91EtO0 0.OOEt00 
2.07EtOv u.OM*OO 
4.llE-92 0.00Et00 
?.LIE-04 6.6OEt6C 
l.4lE-05 0.00E+00 
2.64E-07 0.00Et00 
0.00Et00 0.00Et00 
O . O O E * O ~ ~  0. DOE +OO 

2.lbE4Ol 0.00Et00 

3 .64EW O.OOE+Oli 

62 

REDUCTANT 
!)o 

O.OOE+OO 
0.00Et00 

0.00EtOS 

0.00EtOO 
0. OOEtOO 
O . 0 O E ~ O i l  
0. OOEtOO 
0.0OE+0u 

O.OOE+OO 

-- -- ---- -__ 

O.OOE460 

0.00E+00 

0. OOEtOO 

4.9BE-01 
4.98E-01 
1.9BE-01 
4.99E-(11 
4 I 98f -01 
4.98E-01 
4.97E-01 
4.97E-01 
4.93E-01 
4.72E -0 I 
4.02E-0 I 
3.9EE-01 
3.9EE-01 
3.98E-61 
3.98E-61 
3.99E-0 I 

6.00Et00 
O.OOE+Oil 
O.OOE+OO 
0. OOE too 
0.OOE+O6 
0.00Et06 
6. OOE COO 
O.OOE+OO 

0.00Et00 
6. OOEt60 

0. OOEtOO 

O.OOE+oO 

0.00E+OO 

0. OOE+OO 
O.OOE+M 
O.OOE+00 

NITRATE I O N  OEHSITI 
!ni 

0.0OEt00 
0. OOEtOO 
0.00E+OO 
0. OOEtOO 
0.00Et00 
0.00E+00 

0.00Et06 
0.00Et00 
0.00Et00 
O.OOE+OO 

_______- __-  

0.00E*OO 

0. OOEtOO 

4.9BE-61 
4.98E-0 I 
4.9Bf -91 
4.98E-01 
4.98f-01 

4.97E-01 
4.97E -0 1 
4.96E-01 
4.95E-01 
4.93E-01 
4.91E-01 
4.95E-01 
4.95E-01 
4.95E-01 
4.96E-01 

4 . 9 8 ~ 4 1  

O.OOEtOO 
0.OOEtOO 
0.00Et00 
O.OM+QO 
0.0OEt00 
0, OOEtaO 
0.00E+00 
0.00Ei00 
O.OOE+OO 
0.00E+00 
O.OOE+OU 
0.00Et00 

0. OOEtOO 
0.00Et00 
U.OOE+OO 

0. OOEtOO 

Ig/nLI 

9.99E-31 
9.99E-01 
9. P9E-61 
9.9%-01 
1. OOE tUO 
l .OlEt00 
1,02E+06 
1.03EtOO 
I .  04E+OO 
1.05EtO0 
1. ObEtOC 
1. ObEtOO 

1.1 lEtOO 
I .  l lE tO0 
1.11E400 
I. I 1 ~ 4 0 0  
1 .llE+O0 
I .  I 1  EtM 
1.I lEtUu 

1.1 I E t W  
I .  I2EwO 
1.14Et~ i '  
I .  13EtO0 
1.13EtOO 
1. I3Et00 
1.13Et06 
I .  13Et00 

I .  09Et00 

l . l l E + N  

1.10Et00 
1. lOEtO0 

I.OPEt00 
1. IOEtOO 
I. IOEtO0 
I .  11Et6U 
I .  l i E t 0 0  
l.lSEt00 
1. I4EtO'? 
I.lrlE+OO 
l.l4E*O@ 
1.14Et60 
I .  1?E+6@ 
1.0'if+00 

1.09Et00 

FLOW RATE TEMP 
!L!mn) IC1 

1.30Et00 50.0 
1.30Et00 56.0 

_^__I_____- ----_ ~ 

f . SOEtOO 50.0 
I .  30EtO0 50.0 

1.30Et00 50.0 
1.31E+O0 49.9 

1.30EtOO 50.0 

1.31Et61: 49.7 
I.3lEt06 49.3 
1.32Et00 48.2 
1.3ZENJO 45.4 
1.5?EtO@ 38.4 
1.3?E+OO 
b.O?E-01 2O.t 
b.03E-01 21.4 
6.03E-61 2 . 2  
LOSE-61 23.2 
6.03E-01 24.3 
6.03E-01 25.6 
6.63E-61 27.0 
6.l)rlE-01 28.7 
6.04E-01 30.7 
6.06E-Ol X . 9  
L O B E - 6 1  35.5 
6.07E-01 35.5 
b.07E-01 35.4 
h.ObE-01 35.2 
6 . M - 0 1  34.2 
b.05E-01 31.0 
6.05E-0 1 
1.54E-01 40.0 
1.51-01 40.0 
1.55E-61 40.0 

1.59E-01 40.0 
2.09E-01 40.0 
2.09E-01 40.0 
L I E - 6 1  40.0 
2.12E-01 40.0 
5.53E-01 40.0 
5.52E-01 4U.O 
5.52E-ill 40.6 
5.52E-01 40.0 
5.5OE-31 110.0 
5.4IE-01 40.0 
5.24E-01 40.0 

I.~K-OI 40.0 



I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
I 2  
13 
l k  
15 
I6 
17 
18 
19 
26 
21 
22 
23 
24 
25 
26 
27 
28 
29 
io 
31 
32 
33 
34 
35 
3b 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

1.20E-63 
1. ZOE-03 
1.26E-03 
1.20E-03 
1.26E-03 
1.20E-63 
1. ?OE-03 
1.21E-03 
1.36E-03 
2.09E-03 
3.37E-03 
4. BE-03 
4. bSE-03 
4.72E-03 
4. h8E-03 
4.72E-03 
b .  53E-03 
b. 18E-03 
6.llE-03 
6.10E-03 
6.lbE-03 
b.38E-03 
7.10E-05 
9.34E-03 
1.59E-02 
3. ?7E-02 
6.04E-02 
9.6OE-02 
I .ObE-01 
1.07E-01 
1.02E-01 
8.32E-02 
4.81E-02 
5.78E-02 
8.3QE-02 
I.26E-01 
1.91E-01 
2.79E-01 
2.88E-01 
3.01E-01 
3.30E-01 
4.OOE-01 
E.SOE-01 
8.83E-01 
8.82E-01 
8.74E-01 
8.33E-01 
6.42E-01 

0.06Et60 
O.OOEM6 
0 .  OOEtOO 
1.36E-08 
1.75E-07 
5.30E-06 
I. OE-04 
I .%E -03 
3.7 1 E-02 
5.85E-61 
4.24Et60 
I .?3Et01 
2. lZEtOl 
2. 86EtOl 
3.4MtOl 
3.72EtOl 
3. 6BEtOl 
4.14Et01 
4.23E +0 I 
4.26Et61 
4.2BEt61 
4.29Et01 
4.XEt61 
4.13EtOl 
4. 33Et01 
4. 3OE4Ol 
4. lREt0 l  
I .ObEt(Il 
1.57Et.00 
2.05E-01 
2.6M-02 
2.94E-03 

5. '))Et0 1 

5.8bEt01 

5. bOE*Ol 
5.57EtO 1 
5.5bEt01 
5.55Et61 
5.52EtOl 
3. 8lEtOO 
6.59E-02 
I.66E-63 
1. 69E-05 

6.00Et06 

5.44Et01 

5. 9bEtOl 

5.7?E+6I 

0.0oEt66 

6.6OEt00 
6.00Et60 
6.6OEt06 

0.06EtUO 
0.00Et60 

O.OOEtO0 

0.00Et00 
0.00Et66 

0.00~400 

0.06Et00 
6.00Et00 
0.00E+O6 
6.OOEt00 
0.00Et00 
6.OOEt00 

0.WEtOO 

0.00Et60 

0. OOEt6O 
0.00Et00 
0 .  O6E t 06 
I .  07E-05 

i . I IE-04 
5.71E-05 
4.50E-62 
3.4OE-61 
?.33E*OO 
1.4X-01 
3.09E-62 
8.74E-03 
2.54E-03 
b. 15E-04 
1.36EtOl 
1.64Et01 
1.68EtDI 
1.62E+Ol 
I .53E+Ol 
1.45Et01 
1.43EtOl 
1.42EtOI 
1.41EtOl 
1.46EtOl 
1.1 lE t06  
2.19E-02 
4.66E-04 
7.4OE-Ob 
o.ooEto0 
0,QBEtOO 

8.74~-05 

O.OMt00 
6.0OEt66 
O.OOEt06 
5.2OE-02 
5 . M - 6 2  
5.2OE-62 
WOE-62 
5.29E-02 
b.33E-02 
1.3EE-01 
3.4fE-01 
5.78E-01 
7.4OE-01 
E. 39E-ill 
9. I fE-01 
1.01 Et60 
8.00EtOO 
7.48Et00 
7.27Et00 
7. IOEtOO 
b.P3E*01' 
6.76Et00 
6. 6 1 Et00 
b.S7E+6O 
6.9M+06 
8.31EtOO 
I. ZOE+Ol 
6.77Et00 
7.64Et00 
7.79Et60 
7.84EMO 
7.78Et00 
1.05Et01 
1.09Et61 

1.83EtOl 
2.72Et01 

3. IREtOl 
3.jlEtO1 
3.53Et01 
I. 4bE+Ol 
5.79E401 
6.2oEtO1 
6.2OEtO 1 
b.l9F.+Ol 
0.9OEtOO 
O.OOE+Ob 

1.33EtO 1 

3.08Et61 

0. ooE+00 
0.00Et00 
6.06EtO0 
O.OOEt00 
0.00Et00 

6.OOEtOO 

O.OoEt60 

6.00Et00 
0. OOEtOU 
0.60Et06 

O.I)OE+Oo 

0.00Et00 

0.00EtOO 

O.OOE+OO 
O.OOE*OO 
0.60E+O[I 
0. OOEtOO 
O.60EtOO 
0.60EtOO 
O.B6E+6u 
1.22E-01 
1. SE-01 
I. 24E-01 
1.27E-01 
1.32E-01 
1.46E-01 
2.5fE-01 
5.12E-05 
1.11E-63 
3.13E-04 
9.09E-05 
2 . N - 0 5  

S.OREtO6 
6,31E*OO 

I. 44Et01 
1 .BbE+Ol 
I .%Et61 
2.Ot)E*01 
2.38Et01 
1 .2RE+Ol 
5.05EtO1 
S.40€+01 
5.38EtOI 
5.28EtOl 

11.78EtOO 

9.03Et00 

O.OOE+OO 
0.00~400 

2.77E-02 
2.77E-62 
2.77E-O? 
1.77E-62 
?.77E-O? 
2.77E-02 
2.77E-O? 
2.79E-61 
3.07f -02 
4.59E-il? 
!.26E-02 
9.18E-02 
9.?8E-0? 
l.il?E-61 
1.01E-01 
9.80E-02 
3.37E-01 
3.20E-61 
3.17E-01 
3.16E-01 
3.15E-01 
:. 14E-01 
3.15E-01 
5. IBE-01 
3.27E-O I 
3.54E-01 
4.OZE-9 1 
2.02E-01 
2.22E-0 I 
2.25E-6 1 
2.25E-01 
2.24E-61 
5.81E-01 
5.36E-01 
5.49E-01 
5. 8bE-01 
b.28E-01 
5.04E-6 1 
LOBE-01 
5.0bE-01 
4.96E-61 
1.7SE-01 
3.62-01 
3.79E-61 
3. 8OE-0 1 
3.83E-01 
3.99E-01 
4.39E-01 

8.18E-61 
8. ME-01 
8. ME-61 
8. ME-01 
8.18E-01 
8.18E-01 
B. IBE-01 
E. ME-01 
8. I#€-01 
8.19E-01 
8.24E-01 
8.34E-01 
8.46E-01 
8.55E-01 
9.63E-01 
8.67E-61 
8.66E-01 
9. ??E-61 
E. 73E-01 
8.74E-01 
8.74E-01 
0.74E-l'l 
8.75E-01 
8.75E-01 
8.75E-01 
8,76E-01 
8.78E-01 
R. 35€-01 
8.23E-01 
8.21E-01 

8.2OE-01 
9.12E-0! 
9.23E-01 
9.24E-01 
9.23E-01 
9.22E-01 
9.21E-61 
9.21E-61 
9 . m - 0 1  
9.22E-01 
9.23E-01 
B.47E-01 
8.42€-01 

8.4IE-01 
8.4OE-6 I 
8.35E-61 

a . a ~ - u  

e.42~-01 

1.56E+06 
I .  5OEt00 
1.56Etoo 
I. 50Et60 
I .50E+00 
1.50EtOO 
1.5Mt06 
1.56Et60 
1.56E+OO 
1.56Et06 
1.50Et06 

1.51Et06 
1.51Etil0 
I. 51EtOU 

I S l E t 0 0  

1.52EtUC 
I .  52EtO0 
1.m t00  
I. 52E+o0 
1.52Et06 
I .  52Et00 
I. S?f t06 

1. 52EtOQ 
I .  52Et00 
1.5?Et06 
1.53Et00 
5.03E-01 
S.OZE-01 
5.OZE-01 
S.02E-01 
5.01E-01 
1.03Et00 
1.03E106 
1.03EtOO 
I.OJE+OO 
1.04E400 
I .O4EtOO 
! .OIEt00 
1.04EtOO 
1.04EtOO 

1.04E400 
t.04Et00 
1.04Et00 
1.03E*00 
I. OjEt00 
1.03EWO 

1.52EtOo 

I. O4EtOO 

0.1 
0.1 
6.1 
0.1 
6. I 
6.1 
0.1 
0.1 
0.2 
0.6 
3 . 6  
9.8 

16.7 
21.4 
24.5 
29.0 
29.9 
32.3 
33.0 
33.2 
JJ. 4 
33.5 
37.7 
31. I 
54.7 
36.2 
39.4 
17.0 
10.9 
9.9 
9.4 
7.6 

5b.6 
63.1 
bb. 1 
68.P 
73.0 
19.5 
79.9 
81.6 
83.5 
89. b 
81.4 
80. b 
80.5 
79.8 
76.0 
S 8 . b  

-- 

0.6OEtOO 

O.OOE+OO 
O.OOEtO6 

0.00Et60 
1.82E-03 
1.72-03 
1.4%-03 
8. b3E-04 
S.12E-04 
2.8OE-04 
1.66E-64 
9.01E-05 
4.56E-05 

0 . 0 0 ~ 4 ~ t ~  

U.00Et00 

0.06Et00 
0.00Et00 
0.00Et00 
0.6OEtOO 
O.OUE+O0 
0.00Et60 
0. DOEtO6 
0.00Et00 
0, OOEtOO 
6.0OEtOO 
0.00Et00 
O.OOE+O6 
0.06Et00 
0.60Et00 
O.OOEt60 
0.00EWJ 
O.OOE+OO 
o.oOE+oo 
0.00Et06 
O.OOEt00 
O.OOE46O 
0.00Et00 
0.00Et00 
0. OOEtOO 
0.00Et00 
0.00Et00 
0. OOEtOil 
O.UOE+OO 
0. DOEtQ0 
0.00Et06 
O.OOE+O 
0. MEt00 
O.OOEt60 
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4 . 2  STEADY-STATE CALCULATION 

The s t e a d y - s t a t e  c o n c e n t r a t i o n  p ro f i l e s  were o b t a i n e d  i n  a 
para l le l  r u n  by  u s i n g  t h e  T r a p e z o i d a l  i n t e g r a t i o n  t e c h n i q u e .  The 
o u t p u t  i s  r e p r o d u c e d  i n  t h i s  s e c t i o n .  T h i s  r u n  w a s  made u s i n g  an  
IBM-compatible p e r s o n a l  computer (8  MHz w i t h  1 6 - b i t  p r o c e s s o r ) .  
S t e a d y - s t a t e  w a s  a c h i e v e d  i n  1 4 6 7  min and  r e q u i r e d  2 h 59 min o f  
computer  t i m 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  p ro f i l e s  are shown i n  F i g s .  13 
t h r o u g h  15 and  t h e  p r o f i l e  f o r  degree o f  s a t u r a t i o n  of t h e  TBP 
e x t r a c t a n t  i s  shown i n  F i g .  1 6 .  These f i g u r e s  were p r e p a r e d  
d i r e c t l y  f rom the  A S C I I  Problem R e s u l t s  f i l e  by u s i n g  commercial 
g r a p h i c s  s o f t w a r e .  
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PROBLEH DEFINITIOI DATA FOR SEPHIS IDD4, Ver. 2.11: 06-OB-1990 09:5B 

Problem: BREEDER FLOYSKET EXLHPLE 

PURE1 PRDCESS 
Tota l  stages: 48 
Volume X TBP in solvent: 
I n i t i a l  w defaul t  t npe rn tu re  i 'C) :  
Organic taken frM s t i pe  33 feeds 5t ige 27 . 
Reduction of Pu( IVl  by hydroxvlarine n i t ra te .  
Hinutes per tire increaent: 1.00 
Kinutcs between p r i n t i n p  of the concentration p r o f i l e :  1000 
Calculations will 5 t ~ p  r f t e r  SO00 ainutef  nr when a tolerance of 
Tnta l  r iaef  VOlUfie5  are defined (phase ra t i os  = f l w  rat ios).  
Total se t t l e r  volures are defined (phase r a t i o s  = flow r a t i o ~ l .  
I n i t i a l  concentration p r o f i l e  I S  zero. 
Trapezoidal integrat ion w i l l  be used. 
Ext ra product strearis:. 

The FILESPEC for t h i s  Probler De f in i t i on  data file 15: E:EXPL-1P.DAT 
Thr FILESPEC for t h i s  Probler Results data f i l e  is :  8:EXPL-ZA.DAT 

30.0  
40.0 

0.0001 I: per m u t e  15 reached. 

RiXEGLS ! 
GaUEOiS ;7 

5C.G X TEP 32 
ACUEOUS 53 
MUEOU; 38 
RPUEWS 42 

ZO.0 I TBF 4E 
i ARUEOUS 16 

A4OUEOUS 52 

5.00E-02 O.OM+OO 0.00E+00 0.00€+00 O.OOEtO0 
5.00E-02 3.OMt00 O.OOE+OO 0.00Et00 5.OOE-01 

5.00E-01 0.00Et00 O.OOE+OO O.OMtO0 O.OOE*OO 
0.00E100 0.00Et00 O.OMtOO 

5.OOEtOC O.OOEtO0 O.OMtO0 0.00E+00 O.OOE+OO 
3.9OE+00 1.60E102 4.00Ec01 O.OOEtDO 0.00Et00 
0.00E+00 0.00Et00 O.OOE+OO 
Product s t r e a i  rcroved (actual f lw rate t o  be coaputed) 
Product s t r e r r  rcroved (actual flow rate t o  be CMpUted) 

O.QOE+OG I. ~ O E + O ~  
5.OM-QI 6.00E-01 

5.00E-01 
O.OM+OO 1.50E-01 
0. OOE+O@ 5. ODE -02 
O.OOE+OO 3.5M-01 

1.00EtOO 
1.3Et00 
6 . M - 0 1  

5TA6E VOLURE AND FLOW RATE DATA (Kola1 basis): 
HIXER VOLUME BY PHASE SETTLER VOLUM Br PINE HIYER FLW RATE INTERSTME FLOW RATE 

S T M  
NO. 

I 
2 

4 
5 
6 
1 
E 
9 
IO 
11 
I? 
1: 
I4 

_---- 

J 

___________________-_____ 
AQUEOUS OltGANIC 

B.39E-01 9.61E-OI 
6.S9E-01 9.61E-01 
B. Z9E-01 P.blE-OI 
8.39€-@1 9.61E-0: 
8.3VE-61 9.61E-01 
8.39E-Cl 9.61E-GI 
E.;9E-01 9.6IE-01 
a.3E-01 9.6iE-01 
6.5FE-01 9.6lE-01 
8,39E-01 9.61E-01 
E.39E-0i 9.6lE-01 
8.;9E-01 9.6iE-31 
fi.:9E-Ol 9.6iE-01 
8.57E-01 9.blE-01 

--_-_--_-_ ----- _- --- - 
____________________----- 

dPUEOUS ORGANIC 

I. 40E+00 I. bOE+OO 
1.4OEIOO 1.60E+OE 
I.4OitCO 1.60Et00 
1.4OEtOO 1.60€+00 
i.4OEtOO 1.60Et00 
I. 4MtOG 1.60E+00 
I. 40Et0O I. 6OEiOO 
:,4OE+OO 1.60Et00 
I.40Et00 1.60E*OO 
I.4OEtO0 1.6Mt00 
1.4OEtOO 1.6@E+00 
;.4OE+00 1.60Et00 
1.40E+00 1.60EtOO 

__-----_--- ----------- 

1.40E+OC :. bOE+OO 

ORiiMIC 

I .49E+00 
1.48E+00 
i .49Et00 
I. 49Et00 
1.49Et00 
I. 49E+00 
I. 49Et00 
1.49€+00 
1.49€+00 
1.49EtO0 
I. 49Et00 
I. 49E+00 
: .49Et00 
1.49Et00 

----------- AQUEOUS ORGAIIIC 

I. 3OEtOO 
1.3OEI.00 
1.30Et00 
I ,  30E100 

1.3UE+00 
1.3M+O0 
1.30€+00 
1.30EtOO 
I. 3OEtOO 
1.30Et00 
1.30Et00 
1.3OE100 
I.30EtOO 

;.30E+00 

I. 49E+OO 
1.49EIOO 
1.49Et00 
I. 49Et00 
1.49Et00 
I .  49E+00 
I. 49EtOO 
1.49Et00 
1.49Et00 
1.49€+00 
I. 49Et00 
1,49€+00 
L.49EtOO 
1,4PE+oo 

IEHP 
(C)  

50.0 
20.0 
20.0 
40.0 
40.0 
40.0 
40.0 

__--- 
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SlGSE 
10 1 --_-_ 
4c 14 

la  
1; 
18 
19 
20 
2 i  
22 

24 
25 
Zh 

:I 
26 
2; 
;d 

;I 
32 

34 

sa 
37 
38 
59 
40 
4 1  
42 
42 
44 
45 
l h  
4; 
4E 

*- 
LJ 

7 -  JJ 

' C  J* 

A a u m  
____. . . _ _  -. 

6.59E-3; 
8.2'7E-0: 
5.:;E-<mi 
5 . i lE -C i  
5.11E-Cl 
5 .  I iE - i j i  
5.1iE-01 
5. l iE-9: 
5 . l lE -Gi  
5 .  I l E - J I  
5. l lE-OI 
5.llE-C: 
5. I l E - O i  
9.IBi-91 
9.78E-01 
'r.78E -0 i 
5.:8E-01 
9.78E-01 
?.:;E-01 
2. Z E - S i  
2.33E-01 
2 .  ;E-01 
:.:;E-0: 
2 .  BPE - 3 I 
2.89E-81 
2. WE-0: 
L E ? € - 0 1  
5.85E-01 
f.85E-01 

' 5.8X-S l  
5. #:E-01 
5. BSE-01 
5.85E-01 
5. BE-0 1 

AOUEZUS 

I .  4CE+OC 
:. 4 0 E W  
8.52E-01 
8. :?E - 
8.2E-01 
2.  Y2E-01 
8.:2E-01 
S.ME-CI 
E . X - 0 1  
8. SZE-$1 
8.52E-Oi 
8.:2€-0; 
8.52E-0: 
I. IJENI 
l .bX+00 
:. 53EtOO 
i .  6X+OO 
:.63E+O(I 
5.E9E-01 
5. EPE-01 ;. E9E-0; 
;.8PE-O! 
;.89E-01 
4. E lE-0 i  
1.82E-0 i 
4 . W - 0 1  
4.82E-01 
9.7:E-Ol 
9.7%-01 
9.75E-01 
9.75E-01 
9.75E-01 
9.75E-01 
9.75E-01 

- - -. - - - -. . 
1.60E+Oil 
1.63~400 
? .15~400 
2. ::Et00 
2.15E+00 
2. ISEtOO 
2 .15~400 
2. :5E+06 
1.15Et00 
L15EtOU 
2. iSE+OO 
2.15EtOP 
2.15Et00 

1.57E+00 
1,:7E+00 
l.:7E+00 
:, ;7E+00 
2.61Et00 

1.;7E+0? 

2. b I E+OO 
Z.LlEt00 
2.61Et00 
2.6 lE+OO 
2.52Et00 
2.5X400 
?.52E+00 
2 .52~400 
2.03Et00 
2.03Et00 
2.03Er00 
2.03ENO 
2,  OJEtOO 
2.03E+00 
?.03E*OO 

1.5OE+00 
1. :OE+O9 
5. 90E-01 
5.9OE-01 
5.9CE-0 I 
5.9OE-01 
5.90E-01 

5.90E-01 
5.9OE-01 
5.90E-01 
5. ?DE-01 
5.90E-01 
5.90E-01 
5.90E-01 
5.90E-01 
5.9DE-01 
5.90E-0 I 
I .  48E-01 

5. 90E-a 

I . ~ ~ E - O I  
i . w - 0 1  
i .4EE-OI 
1.48E-01 
1 .POE-01 
1 . W E 9 1  
1.90E-0 1 
1. 9OE-01 
4.77E-01 
4.77E-01 
4.77E-01 
4.77E-61 
4.77E-01 
4.77E-01 
4.77E-01 

ORGIUIIC 

1.49EtOG 
1.49Et09 
1.49Et00 
1.49Et00 
1.4PEt00 
L ,19Et00 
1.49Et00 
I .  4 W O O  
I .49E4OO 
1.4?Et00 
1.49Et00 
1.49Et00 
1,49E+00 
4.9bE-01 
4.96E-01 
4.96E-01 
4.96E-01 
4.96E-01 
9. WE-01 

9.92E-01 
9.92E-01 
9.92E-01 
9. 9 2 6 0 1  
9.92E-01 
9.92E-01 
9.92E-01 
9.92E-01 
9.92E-01 
9.92E-01 
9.92E-01 
9.92E-01 
9.92E-01 
9.9ZE-01 

9 . 9 2 ~ - 0 1  

hPUEOUS 

1.30E +OO 
0.00Et00 
5.9DE-01 
5. PO€-01 
5.90E-01 
5.9OE-m 
5.90E-01 
5.90E-01 
5.90E-01 
5.9OE-01 
5.9OE-01 
5.90E-01 
5.90E-01 
5.90E -0 1 
5 . W - 0 1  
5.90E-01 
5.90E-01 

1.48E-01 
1. ME-01 

1.48E-01 

1.9OE-01 
1.90E-01 
1.90E-01 
1. VOE-01 
4.77E-01 
4.77E-01 
4.77E-01 
4.77E-01 
4.77E-01 
4.77E-01 
4.77E-01 

-----_-_--_ 

0.00E+00 

I . ~ ~ E - O I  

i . 4 a ~ - o i  

ORGGWIC 

I .  49E*00 
1.4qE4OO 
1.49E*00 
I.47€+00 
1.49E400 
1.49EWO 
I. 49Et00 
1 .4RtOO 
I. 49E+OO 
1. S9EtOO 
I. 49Et00 
1.4PEtOO 

4.96E -0 I 
4.96E-01 
4.9%-01 
4.9bE-01 
4.96E-01 
9.9ZE-01 
9.92E-01 
9.92E-01 
9.92E-01 
9.9ZE-Ol 
9.92E-01 
9.92E-01 
9 . w - 0 1  
9.  VZE -01 
9.92E -01 
V.92E-01 
9.92E-01 
9.92E-0 1 
P.92E-01 
9.92E-01 
9.92E-Ql 

"^ ___--__-- 

I.~PE+~O 
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PRDBLEN RESULTS FOR SEPHIS AOM, VW. 2.11: 

Problci: BREEDER FLWlSHEET EXANPLE 
( r i m  c~ncentrat i~ ls  5hwnJ 

T I E  = 0.00 HINUTES 

AWEDUS PHASE: 
S T M  NITRIC ACIC URANIUN W ( I V )  

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
I1 
12 
13 
14 
15 
l b  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 
31 
32 
32 
33 
34 
35 
36 
37 

39 
40 
41 
42 

sa 

O.WE+OO 
O.WE+OO 
0.00Et00 
0.00EtbO 
O.OOE+W 
0.00EtOO 
0.00E+00 
0.00E+00 
0. OOEtOO 
0. O O E W  
O.OOE+OO 
0.00Et00 
0.00E*00 
O.OOE+W 
O.WE+OO 
O.Wt00 

o.MIE+oo 
o.oOE+Oo 
b.MKt00 
0.00EtO0 
0.0oEt00 
O.OOEIO0 
o.oOE+oo 
O.OoE+OO 
o.ooE*oo 
0.00Et00 
O.OM*OO 
0.00E+00 
o.ooE+bo 
0.0M~00 
O . M + O O  
0.0~+00 

PROOUCT STREAIi 
O.OOE+bO O.OOE+OO 
O.WE+W 0.00Et00 
O.WE+OO O.OMtO0 
0.00Et00 O.oMI00 
0.WEtOO O.bOE+OO 
O.OOE+OO 0.00Et00 
O.M)E+OO O.OOE+OO 
O.OOE+OO 0.00Et00 
0.WEtOO 0.00E100 
O.WE*OO O.oMI00 
0.00EtOO O.OCftO0 
O.OOE+OO 0.00Et00 
0.00Et00 O.OM+OO 
o.ooE+oo 0.00Et00 
O.WE+OO 0.00€+00 
o.ooE+oo o.oo€+oo 

O.OOE+M) 0 .0OE~O 
0.00Et00 O.OOE+OO 
0.00EtOO 0.00EtO0 
O.M)E+OO 0.00Et00 
0.00E+00 0.00Etoo 
0,OOEtOO O.OOE+OO 
0.00Et00 LOOE+00 
C.OOEt00 0.00Eb00 
O.OOE+OO 0.00Et00 

PRODUCT STREM 

O.OOEtO0 0.00Et00 

O.WEt00 
0.00Et00 
0. OOE+00 
O.WE+W 
o.ooE+oo 
0.00E+00 
O.OOE+bO 
O.OOE+OO 
0. OOEt W 
O.OOEtO0 
0.00Et00 
0. OOE+Od 
O . M + W  
0.00E+00 
0.00EtO0 
0.00E+00 

O.OOE+OO 
o.ooE+oo 
0.00Et00 
o.ooEtoo 
o.ooE+M) 
0.00ft00 
O.OOE+OO 
0. OoEtW 
O.OOE+OO 
0. ooE+oo 
b.OOEt00 
0. WEtW 
o.ooE+oo 
0. ob€+# 
O.OMtO0 
o.oG€*oo 

0. (@Et00 
0.00EtW 
0.005*00 
O.oM400 
O.OM+OO 
0.00E+00 
0. OOEtW 
O.OOE+OO 
O.WEt00 
0. 00EtOO 

PU (111) REDUCTANT NITRATE ION DENSITY FLOU RATE 

0.00E+00 
o.ooEt00 
O . o M t O O  
O.OOE+OO 
O.OQE100 
O.OOE+OO 
O.OMtO0 
0.00Et00 
0.00Et00 
0.00Et00 
O.OOE+OO 
o.OM+OO 
O.OOEtO0 
0.00E+00 
O.OM+OO 
0.00Et00 

0.00E+00 
o.ooE+oo 
O.OOE+OO 
o.ooE+oo 
0.0OEMO 
o.orlE+Oo 
o.ooE+oo 
O.OOE+OO 
O.OM+OO 
o.ooE+Oo 
o.ooE+oo 
0.00EflO 
O.OOE+OO 
O.OM+OO 
o.oOEto0 
O.OM+QO 

o.Oof+00 
O.ObE+OO 
O.MEQ0 
O.OOE10O 
O . ~ + O O  
o.oOE+oo 
o.MK+Oo 
O.OOE+Ob 
O.OOE+OO 
0. OOEtOC 

0.00EtW 
0. OOE+W 
o.GfJE+00 
0.00€+00 
O,OM+W 
O.OM+W 
o.obE+oo 
o.ooE*OO 
0.00Et00 
O.OOE+W 
0.00EtW 
0. OMtOO 
o.ooE+00 
0.00Et00 
0.OMtOO 
o.ooE+oo 

o.ooE+oo 
o.DoE+w 
O.W+W 
0.WW 
o.oM+oo 
0.oOEtoo 
0.00Et00 
O.bOE*OO 
o.ooE+oo 
O.ObE+OO 
O.W+Oo 
O.OOE+OO 
0.OMtOO 
O.M)E+OO 
O.wEtM) 
0.00Et00 

O.OOE+W 
O.OOE*OO 
O.OOE+OO 
0.DMtOO 
0.00EWO 
0.00Et00 
O.OOEt00 
O.bOE100 
0.00EtW 
0.00Et00 

o.ooE+oo 
O . O ~ t 0 0  
0.00Et00 
0. OOEtOO 
O.OoEtOO 
O.OOEtO0 
0.00Et00 
O.OM+OO 
0.00Et00 
0 I OMtOO 
O.O0E+OO 
o.ooE+oo 
O.OMto0 
O.OM+OO 
O.OoE+OO 
O.OOE+OO 

0 . 0 ~ t 0 0  
O.OOT+OO 
O.OM+OO 
o.obE*oo 
0.0OEcoo 
o.ooE+Oo 
O.OM(QO 
o.obE+Oo 
0.0oE~00 
o.oOE+M) 
0.0OEt00 
o.oOE+oo 
o.oOE+Oo 
o.bOEtQ0 
o.ooE+oo 
O.OOE+W 

O.OOE+bO 
o.ooE+oo 
0.005100 
o.ooE+Oo 
0.oOEw 
0.0M100 
o.ooE+00 
o.ooE+oo 
O.OM+OO 
O.BOE+00 

9.91E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9. P7E-01 
9.97E-01 
P.97E-01 
9.97E-01 
9.P7E-01 
9.97E-01 

9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9 ,  WE-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 
9.9K-01 

9.97E-01 
9.97E-01 
9.97E-01 
9.97f-01 
9.97E-01 
9.97E-01 
9.9lE-01 
9.WE-01 
9. 97E-01 
9.97E-01 

l.SE+bO 
1.3oE*OO 
1.30EtW 
I .  SoEt00 
I.JOE+W 
1.3OEtOO 
1.30EtW 
I .  3M+W 
1.30EtbO 
1.3oE+oo 
l.JoE+W 
I .  30EMO 
1.3oEtoo 
1 8 3oEtoo 
I.SoE+W 
I.ME+OO 
1.3MtOO 
5.9M-01 
5.9OE-01 
5.9OE-01 
5.9oE-01 
5.9OE-01 
5.9M-01 
S.9DE-01 
5.W-dl 
5.9oE-01 
5.9oE-01 
5.9Of-01 
5.9OE-01 
5.9OE-01 
5.9OE-01 
5.9bE-01 
5.9QE-01 
5.9E-01 
1.48E-01 
1.4E-01 
1.4E-01 
1.48E-01 
1.48E-01 
1.9OE-01 
I.PoE-01 
1.9OE-01 
1.90E-01 
4.77E-01 

06-09-1990 ll:14 

TENP 
(C) 

40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 

40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40. 0 
40.0 
10.0 
40.0 
40.0 
40.0 
40.0 

40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 

_---- 
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AWEOUS PHASE: 
ST46f NITRIC A C I D  
M. LN) 

4; O.OOE+OG 
44 0.00Et00 
45 0.00Et00 
46 0.00Et00 
47 0.00Et00 
48 0.00E+00 

--..*.- ____-I___ 

ORGANIC PHASE: 

0.00E+Oo 
Q.OOEtOO 
O.OOE+oo 
O.OOE+OO 
0. OOEtOO 
0.00E+00 

STAGE 
no. 

I 
2 
5 
4 
5 
b 
7 
E 
9 

10 
I t  
12 
13 
14 
15 
16 
17 
18 
19 
20 

22 
:; 
24 
25 
20 
27 
i6 
19 
30 
31 
31 

34 
a; 
ja 
;7 
sfi 
39 
46 

----- 

* I  A, 

-- 
JJ 

0.00~400 
0. OOEtOO 

0.00Et00 
0.00E+00 

6.00Et00 
C. OOE+OC 
o.ooE+o:~ 
0.00E+OO 
G.OOEt00 
Q.OOE+OO 
C.OOE+CO 
0.00E+00 
0.00E+00 
0. OOEtOO 
C . O C E N O  
(I.OCEtO9 
C.OOE+OO 
C.65Et00 
O.OOE+O@ 
V.6OEtOC 
C . OOEtOC 
(I.ooi+oc 
C.OOE+OC 
0.00EtGO 
C.Obi+FC 
3.09i+OO 
C.OOE+OC 
0.03EtOL 
5.00EtGO 
0.00EtOb 
;.Gi)E+OO 
$.OOE+QQ 
0.OOEtCO 
C.OOE+OO 
0.00E+C3 
C.OCE+GG 
C. 03EtOil 
C.COi+OC 
C'.CJE+OD 
3. OOEtOO 

').00E+OO 
O.OOEtO0 
0.00E+00 
O.OOE+OO 
O.OOE+OP 
0.00E+00 

PL (1'J) 
(911' 

-" -_-__--_. 
0,00E+00 
O.OOE+OC 

0.00E+O0 
0.00~400 

0.00E+00 
O.OOE+OC 
C. 30E+OG 
L. OOE+OO 
O.OOE+OO 
O.OOE+O;r 
c. 00E+00 
0.00€+00 
0.0'3Et00 
C.OGEtOO 
a I OOE+OO 
0.'3CE+00 
c. OOE+OO 
O.C0E+OO 
0. COEtOO 
J.OCE+OO 
0. O O E m  
0.00E+03 
C. 00E+OO 
O.OOE+Oil 
O.OOE+OC 
0.30E+OO 
0.03E10': 
O.OOE+Ou 
t.00E+00 
3.00Et00 
(1. nOEt0O 
C.QOE+OO 
C.OOE+09 
0.00E+00 
C.OOEt00 
0.00~400 
O.OOE*OO 
0.00E+00 
0.00Et00 
0. OOEtOO 

0.00€*00 0.00Et00 O.OM+OO 
0.00Et00 O.OOE+OO O.OOE+OO 
O.OOE+OO 0.00E+00 0.00Et00 
O.OOE+OO 0.00EtOO 0.00Et00 
0.0OEt00 O.OOEtQ0 O.OOE+OO 
C.OOE+OO 0.00Et00 O.OOE*OO 

il EXTRAC: PU EITRPCT H t  EXTRACT 
FlClOR 

O.OOE+OC 
0.0DE+00 
O.OCE+OO 

-___---"___ 

0. OOEtOO 
0.OOEtOO 
O.OOE+OO 

O.OGE+OO 
0.50E+00 
0. OCE +OC 
C.OOE+OO 
3.OCEt00 
C. OOEtOO 
0.00Et00 
O.OOE+OO 
C.OOEt00 
0,00E+00 
C.OCE+OOO 
0.09Et90 
~ I . O O E + ~ G  
3.00Et00 
0.03E+00 
O.OOE+OO 
O.COE+OC 
O.OOE+Oo 
C.OOEtO0 
3.OOEt00 
O.COE+OO 
c. OOE+OO 
0.00E+00 
0. OOE+OO 

o.oaEto0 
0.00&t00 
O.OOEtO0 
O.COE+CO 
O.OOE+OO 
0.00Et00 
O.OOE+OO 
0, OOEtOO 

0. OOEtOC. 

0.00~400 

FfiCTOR 
_---------- 
0. ooooa 
0.00E+00 
0. OOEtOO 
O.OO€tOO 
0. OOEtOO 
O.OOE+OO 
0.00~400 
0.00E+00 
0. OOEtOO 
0.00Et00 
0.00E~OO 
O.OOE~OO 
O.OOE+OO 
G.OOE+OO 
0.00E+00 
0.00€+90 
0. OOEtOO 
0 . ~ 0 ~ 4 0 0  
O.OOE+OO 
0 I 00E400 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
0.00E*00 
0.00Et00 
O.OOE+oO 
0 . 0 0 ~ 4 ~  
0.00&*00 
0.00Et00 
0,00E+00 
O.OOE400 
0 . 0 0 ~ 4 6 0  
0.00Et00 
0. OOEtOO 
0.00Et00 
0.00Et00 

FACTOR 

0. OOE bo0 
0.00E+00 
0. OOEtOO 
0.0OEt00 
0.00Et00 
0.00E+00 

0.00E+00 
O.OOE+OO 
0.00E+00 
C.OOEt00 

_ _  -p------_ 

0.00~400 

0.00~400 
0.00Et00 
0.03Et00 
O.OOE+OO 
O.OOE+OO 
O.OOEIQ0 
O . O E + O O  
0.00Et00 
0.OQEt00 
O.OOE+O@ 
0.00Et00 
a.ooEtoo 
C.OOEt00 
0. OOE t o o  
O.OOE+OO 
O.OM+OO 
O.OM*OO 
0.00E*00 
O.OOE+OO 
Q.OM+dO 
O.OMIQO 
O.QOEtO9 
O.OM+OO 

0. ooE+oo 
O.OM+OO 
o.ooE+oo 
0. OOE too 

0.00~400 

0.0~400 

1.97E-01 
1 ,  97E-01 
1.97E-01 
9.97E-01 
9.97E-01 
9.97E-01 

DENSITY 
(g/rC) 

8.18E-01 
8.1BE-01 
8.18E-01 
8.18E-01 
8.18E-QI 
8. ME-01 
B. ME-01 

0.18E-01 
8.10E-01 
8. I8E-01 
8.18E-01 
E. 18E-01 
8.18E-01 
8.lBE-01 

8. IBE-Ol 
8. IEE-01 
8. IRE-01 
8.18E-01 
8.18E-01 
8. ME-01 
0,lBE-Ol 
8.INE-01 
8.18E-01 
0.10E-01 
8. IEE-01 
8. !BE-01 
8. 18E-01 
8.lBE-01 
8. ME-01 
B. IRE-01 
8.IBE-01 
8.1BE-01 
0, IRE-01 
8.IBE-01 
8. IRE-01 
8.18E-01 
8. M E - O l  
8. IRE-01 

~ . ~ e ~ - o i  

8. ; m i  

4.77E-01 
4.77E-01 
4.77E-01 
4.71E-0 1 
4.77E-01 
4.77E-01 

F l O Y  am 
(Llnin l  

1.50&+00 
1.5oE*Oo 
I.SoE+OO 
1.5oE(oo 
1.5OEtQO 
l.SM+QO 
1.5OEW 
I. 5OEt09 
I.SOEtO0 
1.50E+00 
1.soE+oo 
I.SM+OO 
I.50€*00 

I-____--_ 

1 . ~ 0 ~ 4 0 0  
I .  50E*00 
I .  soE+oo 
I .  5oE*oo 
1 " 50€+00 
I " S O E ~  
1.50Ec00 

I. 50E+OO 
1.5M+OO 
1.5#+00 

1.50E100 
1.50EIQO 
5.00E-01 
s.ooE-01 
5.OM-01 
s.QoE-01 
5.ooE-01 
I.W+Q@ 
1.OoE100 
1 . 0 o E ~  
1.ooE100 
1.ooEtoo 
1 . O ~ t Q O  
l.OoEM0 
L.OOE+00 

I. ~ ~ 4 0 0  

1.50~400 

T E l  
(C) 

40.0 
40.0 
40.0 
40.0 
40.0 
40.0 

i8PSAl 
12) 

o. o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,o 
0.0 

\ O . O  
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 

_-I- 

INVENTORY 
CHI))IGE 12) 

2.00E402 
2.OMt02 
2 I 00Et02 

2.00€+02 
2.WEt02 
2.ObEtO2 
2.OOE+O2 
2.00Et02 
2.00E*02 
Z.OOEt02 
2. 60EtOZ 
Z.OOEt02 
2. OOEtOZ 
2. OOEtOZ 
2.00E*O2 
2.00E*02 
2. OOEtO02 
Z.OOE402 
2.90E402 
2.OPE402 
2. ooE+o2 

___-__-- 

2.00~402 

z.00~402 
Z.ME+O~ 
2.00~402 
2. oM*oz 
2. ooE+02 
z.oQE+oz 
z.ooE+oz 
2.WEt02 
2.ooE+02 
2.00Et02 
2.00~4002 
2.00P02 
2. OOftO2 
Z.O(H402 

2.00Et02 
2.00€+02 
2.00Et02 

2.00~402 
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URAtiIIUI 
Ig lLJ 

0.00Et03 
C.OOE+OO 
0.00Et00 
C.OOE+I;O 
C.OOEt00 
0.3oEtoo 
3.00Et00 
C.OOEt00 

nwKm PHASE: 

wo. in) IglLI 
STAGE Y I T R l C  ACID URANlW 

--- --_-_-- __--___ 
1 5.00E-02 4.1s-11 
2 5 .M-02  0.4%-10 
3 5.OOE-02 1.63E-08 
4 5.WE-02 3.14E-07 
5 5.M-02 6.04E-06 
4 5.W-02 1.1M-04 
I 5.8oE-02 2.23E-03 
8 LOX-02 4.23E-02 
9 5.1oE-02 b.69E-01 

10 5.24E-02 4.0bE100 
11 5.33E-02 1.4XtOl 
12 5.36E-02 2.4P+01 
13 5.36E-02 3.30€+01 
14 5.34E-02 3.92E+Ol 
15 J.34E-02 4.29Et01 
Ib 5.55E-02 4.2XWl 
I b  PRODUCl STLM 
17 4.W-02 1.lbEtOI 
I8 4.87E-02 l.ME+Ol 
19 4.87E-02 1.47EtOl 
20 4.87E-02 1.52E+o1 
21 4.91E-02 1.56ENIl 
22 5.02E-02 l.blE+OI 
23 5.38E-02 l.ME+OI 
24 6.W-02 1.69E+01 
25 P.80E-02 1.68€+01 
26 i.94E-01 1.51Et01 
27 S.87E-01 8.62E+M) 
28 3.PbE-01 1.27EtOO 
2P LPM-01 1.M-01 
30 3.93E-01 2.12€-02 
31 3.77E-01 2.67E-03 
32 3.W-01 3.OSE-04 
32 PItODUCT STREAR 
33 5.55E-01 3.47EtO1 
34 7.20E-01 3.62EtOl 

O.OOEtOO 
0.00EtOO 
0.00Et00 
O.OOE+OC 
0. OOEtOO 
c . LME+OO 
D.OOE+OP. 
O.OOE'OO 

U EXTRACT 
FACTOR 

O.OOE+OO 
0. OOEcOO 
0. OOEtOO 
O.COE+OO 
0,00E+00 
G.OOEt00 
O.OM+OO 
0.00EW 

-_--------_ 

0.00Et00 
O.OM+OO 
o.oQE+Oo 
0.00Etoo 
O.OOE+OO 
0.00E100 
0.00EtW 
O.OOE+W 
o.ooE+oo 
O.#E+W 
o.oQE+oo 
o.oof+oo 
0. OOE+OO 
0.00E+00 
0. OOEIOO 
O.OOE+OO 

0. M E W  
0 . ~ E t O 0  
o.ooE+oo 
0.00Et00 
0.OoEm 
O.OOE+OO 
0. WE+W 
0. #E+M 
1.35E-12 
2.91E-07 
5.6BE-02 
0.63E-03 
2.llE-03 
7.35E-04 
2.25f -04 
6.25E-05 

1. 91E+OI 
Z.lbE+Ol 

O . ~ C o O  
O.OOE+OO 
0. ooE+oo 
o.oM+oo 
0.0OEW 
O . O o E ~ 0  
0.00Et00 
O.OOE+OO 
o.o$E+oo 
o.ooE+Oo 
O.OOE+00 
O.OoE+DO 
0.00€100 
O.OMt00 
O.OM*OO 
O.DO€MO 

O.oMW0 
o.ooE+oo 
O.oM*oO 
0.00EtOo 
0.00E+00 
o.m+oo 
0.00Et00 
2.w-12 
7.43E-07 
1.82E-01 
2*3M+01 
2.3IE+0f 
2.31Er01 
2.3lEtOl 
2.31E+Ol 
2.32EMl 

o.oc+Oo 
0.00Etoo 

PU EXTRRCT H+ EXTRACT 
F t T M l  FACTOR 

O.WE+W O.OM+OO 
0.00E+00 O.OOE+OO 
0.00EtOO O.OoE+OO 
O.OOE+W 0.00Et00 
O.OM*M) O.OOEtO0 
O.OOE+OO O.POE~O0 
O.OQEtW O.OOE+OO 
o.OMto0 0.00Etoo 

--_--_-__ __--------- 

n~nucTtvii WITRATE IM 
(I) ( M I  

0.Wft00 O.OOE+OO 
0.OoEtoo 0.WE100 
O.ooft00 0.00E+00 
O.OoE+W O.OQftO0 
o.oM+oo 0 . 0 ~ + 0 0  
0.Wt00 o.ooE+00 
O.OOEt00 0,OOEtob 
O.OoL~00 O.OM+W 
O.OOE+OO 0.OKNo 
O.WEt00 0.oMIOQ 
O.#E+OO o.ooE+Oo 
0.00EtoO o.ooE+Qo 
0.60Et00 O.O4E+Oo 
o.oof100 o.ooE+oo 
0.OoEtoo O.OM+OO 
o.#f+Do O . ~ + O O  

4.98E-01 4.9E-01 
(.WE-01 4.9E-01 
4.M-01 4.98E-01 
4.98141 4.9BE-01 
4.98E-01 4.W-01 
).WE-01 4.98E-01 
4.97E-01 4.m-01 
4.97E-01 l.PfE-01 
4.97E-01 4.97E-01 
4.95E-01 4.9s-01 
3.97E-01 4.P3E-61 
&WE-Of 4 . 9 6 4 1  
3.m-01 4.95E-01 
3.WE-01 4.95E-01 
3.9pE-01 4.9sE-01 
$.WE-01 4.96E-01 

0,bMtOO o.ooE+oo 
o.ooE+oo O.OM+0O 

---_r-l--- ------I_- 

MWSITY 
I g h L I  
---I----- 

8. I8E-01 
8.1%-01 
8. ME-01 
8.18E-01 
B.10E-01 
8. ME-01 
8. ME-01 
a. ME-01 

MffiITY 
IglaL) 

FLON RATE 
ILlainI 

9.WE-01 
9.99E-01 
9.WE-01 
9.WE-01 
9. WE-01 
9.99E-01 
9.WE-01 
9.WE-01 
1.MKtW 
1.OlEtOO 
1.02€+00 
1 .OH+OO 
I.MEc00 
1 * DsE+oo 
1.06ENO 
l.ObEt00 

I.llEW 
l,llE+Oo 
l.llE+oo 
l.llE100 
l.I lEt00 
l.llE+oo 
1.llE+00 
I . l t€ rn  
1.11EtQO 
l.l lE+W 
1. l4EIQo 
1.13€(00 
1.13Et00 
1.13EWJ 
1.13Etoo 
1.13E+OO 

1. W E W  
1. tOEt00 

I .  3OEt00 
1.3Mt00 
1 30000 
LSMt00 
1.3oE+oo 
1.3oEMO 
l.JM100 
1.Mf+oo 
1.3OE+OO 
1. 30EtW 
1.31E(QO 
1.3 lE*oO 
1.SlEWO 
1.32EW 
1.32Ew 
1.32EW 
1 . 3 E W  
4.OZE-Ol 
6.03E-01 
b.OSE-01 
6.03E-01 
6.03E-01 
LOSE-01 
6.0E-01 
6.03E-01 
b.ME-01 
6 . a - 0 1  
6.OE-01 
6.07€-%1 
6.07E-01 
6.ObE-01 
b.OM-01 
6.0SE-01 
6.89-01 
1 . ~ Q 1  
1.5X-01 

TBF'SAT 
121 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

--____ 

TENP 
IC )  

50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
49.9 
49.1 
49.J 
40.2 
45.4 
sa. 4 

20.6 
21.4 
22.2 
23.2 
24.3 
25.6 
27.0 
28.7 
30.7 
52.9 
35.5 
35.5 
35.4 
35.2 
34.1 
31.0 

---- 

40.0 
40.0 
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MUEOUS PHASE: 
5T116E NITRIC  ACIO URRNlUn 

NO. 111) 
I--------_ 

35 1.01~400 
36 1.43E+00 
31 1.99Et00 
38 2.75Et00 
39 2.81E400 
40 2.95Et00 
41 3.26Et00 
41 4.31Et00 

k4 4.37Et00 
45 4.36Et00 
Ga 4.29E400 
47 L97E400 
48 Z.B6E+OO 

43 4.37Et00 

OR6611IC PHISE: 
STAGE 

nll. 

I 
1 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
14 
15 
16 
17 
10 
19 
20 
21 
22 
23 
24 
25 
26 
27 
161 
29 
30 
51 
32 

--- 
MITRIC K I D  

( I 1  

I q lL )  

2.9EEtOl 

1.37EtO 1 

E.70Et00 

7.71Et00 
7.14Et00 
1.26-01 
1.99E-03 
3.22E-0: 
5.21E-07 
8.71E-09 
1.9OE-IO 

2.11~401 

9. ObEtOO 

8.31€*00 

URRXSJK 
( g l L 1  

1.20E-03 
1.2OE-03 
1.2QE-03 
1.20E-03 
I. 20E-0: 
I. 20E-OS 
1. ZOE-OS 
1.2IE-0; 
I .  36E-03 
2.00E-0: 
3.36E-03 
4.28E-03 
4 I 6%-03 
4.72E-03 
4.68E-03 
4.72E-03 
6.53E -03 
6.17E-03 
6.10E-03 
b.09E-03 
6.1 1E-03 
6.24E-03 
6.69E-03 
8. t2E-05 
1.26E-02 
Z.bOE-02 
6.UE-02 
9.45E-02 
1.M-01 
1.07E-01 
1.OZE-01 
8.33E-02 

1.8eE-1: 
L8 lE -11  
7.35E-IO 
1.4IE-08 
2.72E-07 
5.24E-06 
1.01E-04 
I.94E-03 
3.bbE-02 
5.80E-01 
4.22EtOQ 
1.2SE101 
2.12EtOI 
2.8bEtOl 
3.4Mt01 
3.72E+Ol 
3.68Et01 
4. ME401 
4.23Et01 
4.2bErOl 
4.28E+01 
4.29E*01 
4.SlE+OI 
4.33Et01 
4.35E+OI 
4.34EtOI 
4.27E101 
1.01E+O1 
1.m to0 
2.00E-01 
2.53E-02 
2.EbE-03 

PU ( I V )  
( q l L )  _--"-----_ 

1.77Et01 
1.18EtOl 
6.95Et00 
3.89E+OO 

3.37Et00 
2.9IEt00 
2.07Et00 
1. IIE-02 
7.61E-04 
1 .4lE-05 
2.69E-07 
5.73E-09 
2.04E- 10 

3. MEtOO 

PU I I V I  
(g111 

0.00EtGQ 

O.OOE*OO 
0. OOE+W 
O.OOE+bO 
0. OOEtW 
O.W+W 
O.OM+OO 
O.OOE+OQ 
O.OOEtO0 
0.00Et00 
0. OOEtOO 
0.00EW0 
0. OOEtW) 
0.00Et00 
O.OOE+OO 

0.00E*00 

0 I OOEtOO 
0.00E400 

O.OOEtO9 

O.OOE+OQ 
O.OOE+OO 

1.13E-12 
2.95E-07 
7.2lE-02 
2.78E-02 
8. RE-03 
2.69E-03 
8.00E-04 
I .  95E-04 

0.00Et00 

O.OOE+Ob 

0.00Et00 

PU (111) REDUCTIINT NITRATE ION DENSITY 

0.00EtOO 
0.00E+00 
0.00Et00 
0.00E+00 
0.00Et00 
Q.OM+OD 
0. OOEtOO 
0. OOEtOO 
0.00Et00 
0.00€+00 
O.OOE~O0 
0.00Et00 
0.00E+00 
O.OM+OO 

U EXTRACT 
FkCTaR 

0.00Et00 
0.00Et00 
0.00E+00 
0.00E+00 

0.00Et00 

0. OOEtOO 
O.QOE+OO 
0. OOE+OO 
0.00Et00 
O.M)E+OO 

0.00~400 

0.00Et00 

O.OOE+OO 
0.00E+00 

PU EXTRACT 
FACTOR 

O.OOE+OO 
o.ooE+oo 
0. OOEtOO 
0.00Et00 
0.00E400 
0.00Et00 
0.~0~400 
0.00Et00 
0. OOEtOO 
0.0OE+00 
0 *OM (00 
O.OOEtO0 
O . O o E ~ O 0  
0.0oE~00 

H+ EITRRCT 
FACTOR 

1.10Et00 
I .  09Et00 
I. 09Et00 
1. I O E t W )  
1. IOEtOO 
1.llEtOQ 
l. lZEt00 
1.15E+00 
1.llEIOO 
1.14E+00 

I. 14EtOQ 
1.12E+00 

1. I4Et00 

l.GPE+OO 

DENSITY 
IglrLl 

FLOY RATE 
ILlrinl 

I .55E-01 
1.57E-01 
1.59E-01 
2.OPE-01 
2.09E-01 
LlOE-01 
2.m-01 
5.53E-01 
5.52E-01 
5.52E-01 
5.5ZE-01 
5.M-01 
5.4%-01 
5.24E-01 

"I-------_ 

FLOW RRTf 
(Lh in l  

TEW 
(C) 

40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
10.0 
40.0 
40.0 
40.0 

--_--_ 

l8PSllT 
(2) 

0. OMtOO 
5.20E-01 
5.2OE-02 
5.20E-02 
5.20E-02 
5.20E-02 
5.20E-02 
5.29E-02 
6.32E-02 
1.37E-01 
3.4ZE-01 
5.77E-01 
7.392-01 
8.39E-01 
9.13E-01 
1.01E+OO 
8.01E100 
7.48Et00 
7.27EtOO 
7. IMtQO 
6.92EdO 
6.74EtOQ 
4.57E+UO 
6.45E+OO 
b .  S4E+OO 

I. 24EM1 

7.6X+QO 
7.80E400 
7.84EtOO 
7.78Etoo 

7.23EtOO 

6.80E+00 

O.OOE+OO 
0.00E+00 
0.00~400 
0.00Et00 
0.00Et00 
O.OOE+OO 
0.OOEtOO 
0.00Et00 
o.w~oo 
0. OOEW 
O.OOEt00 
0. W+OO 
O.OOE+OO 
O.OOE+00 
o.ooEt00 
O.OOE*OO 
o.OoE+w 
0.00Et00 
O.OOEt00 
0.00E+00 
0.00E100 
0.OOEtW 
0. W E t M  
0.00E+00 
3. ME-06 
4.08E-06 
7.84E-03 
9.WE-04 
3. IZE-oi  
9.63E-05 
2.BbE-05 
6. WE-& 

2.77E-02 
2.m-02 
2.77E-02 
2.17E-02 
2.17E-02 
2.77E-02 
2.7YE-02 
2.79E-02 
3.0bE-02 
4.5BE-02 
7.2sE-02 
9.18E-02 
9 . m - 0 2  
I.02E-01 
1.01E-01 
9.8OE-02 
3.37E-01 
3.2OE-01 
3.17E-01 
3. ME-01 
3.15E-91 
3.14E-01 
3.14E-01 
3.15E-01 
3.2IE-01 
3.36E-01 
4. IIE-Ol 
2.o.E-01 
2.m-01 
2.m-01 
2.2H-0 I 
2.2%-01 

8 ,  m-oi 
8.1BE-01 
8.lBE-01 
8. NE-01 
8. IBE-Ql 
8. ME-Ql 
8.18E-Ol 
8.18E-01 
B.18E-01 
E. 19E-01 
8.24E-Ol 
8.34E-01 
8.4bE-01 
8.551-01 
8. 63E-01 
8.67E-01 
8.W-01 
8.72E-01 
8. T3E-01 
8.74E-01 
8.74E-01 
8.7aE-01 
8.75f-01 
8.75E-01 
8.75E-01 
8.75E-01 
8.76E-01 
8.UE-01 
8.23€-01 
8.21E-01 
8.21E-0 I 
8.ME-01 

1.5OEtOO 
1.5Mt00 
1.50EtOQ 
I.JOE+OO 
1.5OE100 
I. 50Et00 
1.50E100 
I. JOEtOO 
1.soE+oo 
1.5oE+00 
1.SMtOO 
I.SlE100 
I.SlE+OO 
1.51Et00 
1.52Etoo 
1.52E100 
I.S2E+OO 
1.52EMO 
1.52E+OO 
1.52Et00 
1.51Etoo 
I e 5 m o o  
1.52E+ao 
1 .saEtoo 
1.52Ecoo 

1.53E+oo 
5,  ox-01 
5.ox-01 
LOX-01 
5.ozE-01 
5.01E-01 

I. 52~400  

0. I 
0. I 
0. I 
0.1 
0. I 
0. I 
'0.1 
0. I 
0.2 
0.6 
3.5 
9.8 

16.7 
22.4 
26.5 
29.0 
28.9 
32.3 
33.0 
33,2 
33.4 
33.5 
33.7 
34.0 
31.5 
35.6 
38.6 
14.0 
10.9 
9.9 
9.4 
7.6 

INYENTORY 
CHANGE 12) 

O.MEt00 
0.00EtW 
o.ooEt00 
0.00EtW 
0.00E400 
7.ME-Ob 
5, WE-03 
5.YBE-03 
4.66E-03 

I. S9E-03 
6.98E-01 
3.65E-01 
1.7BE-M 
9. IS€-05 
3.51E-05 
0.00Et00 
0.00E+00 
0.00Et00 
0.00EtOO 
O.OOE+OO 
0.00Et00 
0. OOEtM) 
o.GQEt00 
0.00Et00 
0. oM*W 
O.OMtO0 
4.BlE-W 
0 .  OoEtOo 
0.00E+00 
0.00EtOO 
0.00Et00 

---I-_--- 

Z . ~ Z E - O ~  



33 4.81E-02 
34 5.78E-02 
35 8.30E-02 
XI 1.26E-01 
37 1.91E-01 
38 2.79E-01 
39 2.8BE-01 
40 3.01E-01 
41 3.30E-01 
42 4.WE-01 
43 8.5OE-01 
44 8.83E-01 
45 8.82E-01 
46 8.74E-01 
47 8.33E-01 
46 6.42E-01 

TIHE = 1447.00 NINUTES 

5.44!301 
5.94EtOl 
5.96Et01 
5.86f.tO1 
5.72E t01 
5.6MtO1 
5.57EtOI 
5.5M+01 
5.55EtGi 
5.52E*01 
3.81E+00 
6.5%-02 
I.06E-03 
1.71E-05 
2.77E-07 
4.5ZE-09 

I 
2 
3 
4 
5 
6 
J 
8 
? 

10 
11 
12 
13 
I 4  
IS 
16 
I6 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Zb 
27 

5.W-02 4 .X -11  
5.00E-02 8.5lE-10 
5. BOE-02 1 * ME-08 
5.OOE-02 3.W-07 
5.OOE-02 6.0BEd6 
5.W-02 1.17E-04 
5.OOE-02 2.Isf-03 
ZOZE-02 4.25E-02 
5. IO€-02 6.72E-01 
f.PkE-02 4.87EMO 
J.33E-02 1.42€+01 
5.UE-02 2.4LtOl 
5.36E-02 3.3OEcO1 
LWE-02 3.92€+01 
$.WE-02 4.29EtOl 
5.55E-02 4.ZXtOl 

(,BE-02 1.lYIol 
(.WE-02 1.4OEtOl 

4.87E-02 1.52EM1 
4.91E-02 l.SM+Ol 
5 . a - 0 2  1.61EMl 
5.m-02 1.66EtO1 
6.W-02 1.69EtOl 
9 .M-02 1.6BEtOl 
1.94E-01 1.51Et01 
3.87E-01 8.62€(00 

PRDWET STUEM 

4.e7~-02 i . 4 7 ~ t o i  

PU ( I V I  
(glL1 

I-_---___L 

1.36EtOl 
1.64Et0 I 
1.68E+Ol 
1. 62Et01 
1.53Et01 
1.45EtOl 
1.43Et01 
1 I 42EtOl 
1.41EtOl 
ta4OE+O1 
I .  1 IE*00 
2.19E-02 
).ME-04 
7.54E-06 
1. k3E-07 
2.94E-09 

PU (1WI 
Iq/LI 
-______I-_ 

o.ooE+oo 
0. OOEtOO 
O.OOE+OO 
O.OOE*W 
0.WW 
O.WEt00 
0.8QEtOo 
0.W+00 
0. OOrtOO 
0.00Et00 
0. 00EtW 
0 . ~ ~ 4 0 0  
0. ooE+M) 
0. ME+# 
0.00EW 
0.00EtW 

0. #Et00 
O.lMEtOO 
0. WE+W 
o.WE+oo 
0 * OOEtW 
0.00€.100 
0.00Et00 
0. W E W  
1. S5E-12 
2.91E-07 
3. ME-02 
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U EXTRACT W EXTRACT H+ EXTRACT DEltSITV FLDY RATE TBPULI 
FKTOR 

1.05EMl 
1.09EtOl 
l.33€+01 
1.83E+01 
2.72EMl 
3.08€+01 
3.18EMl 
5.31Et01 
3.53Et01 
1.46EtOl 
5.79EtOl 
6.20E+01 
6.20€+0 1 
b. 19Et01 
6.05Et01 
4.6SEtOl 

------- 

PU (1111 
[g/L) 

o.oo~400 
-__I__-_ 

0.0oEw 
o.OOE+Oo 
o.ooE100 
o.ooE+oo 
O.OM+OO 
o.ooE+oo 
0.OOEtOb 
o.oOEt00 
O.OM+OO 
0. OOEtOO 
0.00€+00 
o.ooE100 
O.OM+OO 
0,00E+00 
O.BOE+# 

o.ooE+oo 
o.oM+Oo 
O.OM+00 
o.ooE+oo 
O*OOE+QO 
O.OOE*oO 
o.o0€m 
2.86E-12 
7.4R-07 
1.82E-01 
2.30E101 

4.78Et00 
5.OBTtOO 
6.31R00 
9.03EtOO 
1.44Et01 
1.86E*Ot 
I. %Et01 
2.D8ftOl 
2.38Et01 
1.20EtOl 
S.MEtO1 
5.4OEtOl 
5.39E+01 
5.2BE+Ol 
4,74E+01 
2.81E+OI 

REDUCTRNT 
( I I I  

5.81E-01 
5.36E-01 
5.49E-01 
5 . w - 0 1  
6.28E-01 
5.OIE-01 
5.OBE-01 
5.06E-01 
4.9M-01 
1.75E-01 
3.61-01 
3.79E-0 I 

3.8SE-01 
3.WE-01 
4.39E-01 

3.ao~-oi 

NITRATE ION 
(I1 

9.12€-01 
9.23E-01 
9.24E-01 
9.23E-01 
9 . m - 0 1  
9.21E-01 
9.21E-01 
9.21E-01 
9 . Z - 0 1  
9.23E-01 
E. 47E-01 
8.4ZE-01 
8.42E-01 
8.kIE-01 
8. ME-01 
8. fX-01 

DENSITY 
(9lrLI 

1.osEtoo 
1.03EtOO 
1.oxtoo 
1.03Etw 
1.04EcOO 
1. OlEtOO 
t.O4E+OO 
1.04EMO 
t.o4Ecoo 
l.O4E+OO 
1.04EtOO 
t.OIEt00 
1.04Etw 
1.03Et00 
l.OL+O(I 
1 .ofE+oo 

FLW AdTE 
(Llrin) 

56.6 
63.4 
6b. I 
68.9 
73.0 
79.5 
79. P 
81.0 
83.5 
89.6 

80. 6 
80.5 
79. B 
76.0 
58.6 

ei.4 

TEI!? 
( C I  

O.oM+OO 

O.OM+OO 
o.wE+w 
O.OOE100 
O.OMtOO 
O.OOE*oQ 
0.OQEtOO 
o.w+00 
O.WE+OO 
O.WEt00 
0.00EtW 
O.OM+OO 
0.00Et00 
o.OMto0 
o.OOE+w 

4. PEE-01 
4 .m-01  
4.9BE-01 
4. WE-01 
4 .M-01  
).WE-01 
4.97E-01 
4.97E-01 
4.97E-01 
(.%E-Ol 
3. PIE-01 

0. M K ~ W  
O.OM+OO 
o.ooE+oo 
0.0oEloo 
0.ooEt00 
O.OOE200 
O.OOE(oo 

O.OQ€tbO 
o.OOEr00 
O . ~ t o o  
o.oQE+oo 
O.OOE+M, 
O.OOWO0 
O.OOE+OO 
O.OM+OO 
0.ooEtw 
o.ooEcO0 

4.9E-01 
4.98E-01 
4.9E-01 
4.9RE-01 
4.w-01 
4.W-01 
4.97E-01 
4.97E-01 
4.m-01 
4.95E-01 
4.93E-01 

?.WE-01 
9.99E-01 
9.WE-01 
9.99E-01 
9.W-01 
9.WE-01 
9.W-01 
9 . H - 0 1  
1.0OWO 
I.OIE+W 
1. OZEtW 
I .  OK*W 
1.MEtW 
1. WEtOO 
1.WMO 
1. #E*W 

~,llE+oo 
1. l l E t 0 0  
l . l lE t00  
1.1lE*OO 
1.1lEtW 
l , l lE*W 
1.1 lEtOO 
l.llE+OQ 
1. I lE t00  
l.llEUJ0 
1.14€+00 

1.30EW 
1. SOE+oO 
I.SoE200 
1.3oEw 
1.3@300 
1 . 3 M W  
I. soE+oo 
l.JQE+QO 
1.3OE100 
l.W*OO 
1.31Et00 
1.31E100 
1.31EW 
1. SEW 
1.3ZE+M 
1.32Et00 
1.32EcOO 
6.02E-01 
6.OsE-41 
6.03E-01 
6.OSE-01 
6.OK-01 
b.OSE-01 
6.0SE-01 
b.OK-01 
b.04E-01 
6.W-01 
b.OE-01 

50.0 
50.0 
50.0 
50.0 
so. 0 
50.0 
so.0 
so.0 
50.0 
50.0 
I?. ? 
49.1 
49.3 
48.2 
45.4 
38.4 

20.6 
21.4 
n. 2 
23.2 
24.3 
25.6 
27.0 
28.7 
30.7 
32.9 
35.5 
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AQUEOUS PHASE: 
STIGE 

10. 

28 
29 
30 
31 
52 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
15 
4b 
47 
4B 

----- 
NITRIC ACID u w w n  

MI (QlL) 
-----_---^I _ _ _ _ _ _ _ _ _ _ _  
3,96E-01 1.27E+00 
3.96E-01 1.66E-01 
3.9:E-01 2.12E-02 
3.77i-01 2.67E-03 
3.09E-01 3.05E-01 

PRODUCT STREAR 
5.S:E-01 
7.20E-01 
I. 01Et00 
I .  4;EtOO 

2.75Et00 
I. PBEtOO 

I. BIEtOO 
2.95Et00 
3.ZbE+OC 
4.31EtOO 
4.37Et00 
4.37Et00 

4.29EW 
z .  P7Et00 
I. BbEtOO 

1.36Et00 

ORGfiNlC PHASE: 
STAGE U I T R I C  ALII; 
NO E (n i  

----- --------_-- 
I 

3 
4 
5 
b 
7 
0 
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3.14E-01 
3.14E-01 
L15E-01 

9 . 9 8 ~ 0 2  

8. iaE-01 
8.f8E-01 
8. I8E-01 
8.18E-01 

8.18E-01 
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8. ME-01 
8. I8E-01 
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8.24E-01 
8.34E-01 
8.46€-01 
8.55E-01 
8.63E-01 
8.67E-01 
8.66E-01 
8.72E-01 
8.73E-01 
8.74E-01 
8.7kE-01 
8.74E-01 
8.75E-01 
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8. taE-oi 

1.5oE100 
1.50E+OO 
1.50€+00 
1.30E*OO 
1.soE+Oo 
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1.5OE+00 
I.JOEN0 
1.5QENQ 
1.so€+oo 
1.51Et00 
1.51E*00 
1.51Et00 
1.52€+00 
I .5zE+00 
I. 52EMO 
1.52Et00 
1.S2EtoO 
1.52E+OO 
1.52€+00 
1.5H*00 
1.S7.E+00 
1.52€+00 

0. I 
0.1 

0. I 
0. I 
0. I 
0. I 
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0.6 
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9.8 
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32.3 
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0.00EtOO 
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25 1.26E-02 
26 2.60E-02 
27 b.S4E-02 
28 9.65E-02 
29 I.06E-01 
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31 1.02E-01 
32 81.33E-02 
33 M l E - 0 2  
34 5.78E-02 
35 8.W-02 
36 1.26E-01 
37 I.91E-01 
38 2.79E-01 
39 2 .w-01  
40 S.01E-01 
41 $.NE-01 
42 1.W-01 
43 8.soE-01 
44 8.W-01 
45 8.82E-01 
46 8 . M - 0 1  
47 E.33E-01 
48 h.42E-01 

4.35Et01 
1.54Ei.01 
4.27EtOl 
l.OIE+Ol 
1.53EtOO 
LOM-01 
2.53E-02 
2 .W-03  
5.44E+o1 
5.94Et01 
5.96Et01 
S.BMtO1 
5.7ZEtOl 
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S.57Et01 
5.56Et01 
5.5sE+o I 
5.52EtOl 
3. BIEt00 
b.59E-02 
I.OM-03 
1.71E-05 
2.m-07 
4.52E-09 

1.13E-12 
2. %E-07 
7.21E-02 
2.7Ef-02 
8.7zE-03 
2.69E-03 
E. OOE-04 
1. %E-04 
1.36Et01 
1.MEtOl 
I.bBE+Ol 
l.bZE*Ol 
1.53EtOI 
1.45€+01 
1.43Ee01 
1.42Et01 
1.41E+Ol 
I .  kOEtOl 
I .  I lE+OO 
2.19z-02 
4.0bE-04 
IS WE-06 
1.13E-07 
2.94E-09 

Valid ranpes: 
0.0 t o  5.0 H H+ 
0.0 t o  200 9UlL 
0.0 t a  100 gPu/L 
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IO t o  40'C 

Run Tire is frM 11:14:17 t o  14:13:Z4 

6.54EtOO 
7.23EtOO 
I.ZkE+Ol 
6. BOEtOO 
1.65EtOO 
7.EOEtOO 
7.WEt00 
7.78E400 
l.OK401 
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4.65EtOl 
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S.OBEt00 
6.31Et00 
9.03Et00 
1.44EtOl 
1.BbEtOl 
1. %Et01 
2.01~401 
2.58Et01 
1.28E+OI 
S.05Et01 
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5.39EtO 1 
5.28EtOl 
4.74Et01 
2.81E+01 

3.21E-01 
3.36E-01 
4.1lE-01 
2.02E-01 
Z.ZZE-01 
2.2I-01 
2.25E-O 1 
2.24E-01 
5.01E-01 
5.36E-01 
5.4PE-01 
5.EbE-bl 
&.%E-01 
5.0K-01 
5.08E-01 
5.06E-01 
4.9M-01 
1.7SE-01 
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4.39E-01 
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P.22E-01 
9.21E-01 
9.21E-01 
9.21E-01 
9.22E-01 
9.23E-01 
E. 47E-0 1 
B.42E-01 
8.4ZE-01 
8.41E-01 
8.4%-01 
8.35E-01 

1.52E+OO 
1.52Et00 
1.53E100 
5.03E-01 
5.0ZE-01 
5.02f-01 
5.OZE-01 
5.01E-01 
t.03€+00 
1.03E+Oo 
I.O3E+oO 
1 * 03Etoo 
I. O4EtW 
I ,  O4f to0 
l.O4E+OO 
1. b4EtOO 
1.0%tOO 
1.04EtOO 
I .  O4ElOO 
L.04EtOO 
I.04EtW 
1.03EtW 
I. 03EtOQ 
I .  ox+w 

34.5 
35. b 
38.6 
1b.B 
10.9 
9.9 
9.4 
7.6 

56.6 
bS. 4 
66. I 
66.9 
73.0 
19.5 
79.9 
81.0 
89.5 
89.6 
81.4 
Bo. b 
80.5 
79.E 
1b.O 
58.6 

o.OoE+M) 
O.OOE+OO 
O.WEc60 
4.81E-Oh 
O.OOEW 
0.00Et00 
O.M)EtOO 
0. ooE+oo 
o.ooEtoo 
0.OMtOO 
0. ooE+oo 
0.00Et00 
O.#E+OO 
o.w+Oo 
O.OOE~o0 
0.00Et00 
O.lwEtOo 
0. boE+oo 
o.ooEtoo 
0. ooE+oo 
O.OOE+oO 
o.ooE1oo 
O.OoE+# 
O.OOE*oo 
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13. Sample problem - Aqueoua huvy--pp.t(il atoa&y-atatr eoncantration profile. 

4.3 DXSCUSSION 

The sample problem i l l u s t r a t e s  t h e  p o i n t  made i n  Sect,  2.2.1. 
r ega rd ing  t h e  plutonium reduc t ion  p r o f i l e  c r e a t e d  when us ing  t h e  
F a s t  i n t e g r a t i o n  technique .  S t eady- s t a t e  heavy-metal concen t r a t ion  
p r o f i l e s  f o r  t h e  B-Bank, shown i n  F i g s .  1 7  and 18, compare r e s u l t s  
f o r  F a s t  and Trapezoidal i n t e g r a t i o n  t echn iques .  The lack of 
agreement i s  due to t h e  d i f f e r e n t  set of c o n c e n t r a t i o n  v a l u e s  used 
by t h e  two t echniques  f o r  c a l c u l a t i n g  t h e  r e d u c t i o n  rate. A 
determina t ion  of which p r o f i l e  i s  t h e  most a c c u r a t e  must a w a i t  a 
f u t u r e  s tudy  t h a t  u s e s  a c t u a l  e x t r a c t i o n  p r o f i l e  data f o r  
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v e r i f i c a t i o n ,  bu t  it is believed t h a t  t h e  Trapezoida l  technique  
provides the best profile.  The two t echn iques  produce i d e n t i c a l  
p r o f i l e s  for  t h e  A- and C-banks. 

Figures 1 9  and 20 show t h e  t r a n s i e n t  approach t o  s t e a d y - s t a t e  
f o r  product  stream concen t r a t ions  and f o r  overallmaterialbalances. 
Apparent s t eady- s t a t e ,  as noted from end-stream assays ,  occurs  i n  
-350 min. However, an  a d d i t i o n a l  1100 min is  required t o  fully 
develop t h e  i n t e r n a l  concen t r a t ion  p r o f i l e  t o  t h e  p o i n t  t h a t  a l l  
s o l u t e  i n v e n t o r i e s  of a l l  s t a g e s  are cons tan t  t o  w i t h i n  O.OOOl%/rnin. 
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Fig-  15. ;Buaplr problem - N i t r i a  raid etudy-8 ta t r  cencentration proi i ls .  

The steady-state values for this sample f l o w  sheet show >99.99% 
recovery of uranium and plutonium [no losses to either the depleted 
aqueous (AW) OK depleted organic (CW) streams]. The plutonium 
product stream (BPI assay is 99.999% Pu and 0.001% U. The uranium 
product stream (CP) assay is 100% U. 
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APPENDIX A 
SEPHIS.RAS---TIIE MENU PROGRAM 

10 

2 0  
30 
4 0  
50 
60 
70 
80 
90 

R E M  PROGRAM S E P H I S  -- Solvent  E x t r a c t i o n  Process H a v i n g  In t e rac t ing  
S o l u t e s  -- MENU 
WIDTH vfscrn:8T, 80 
SCREEN 0 ,  1, 0 ,  0 
KEY OFF: CLS 
R1% = 1: C1% = 1: R2% = 2 4 :  C2% = 79: GOSUB 4 1 0  ' T o  draw double box 
R1% = 10: C1% = 2 5 :  R2% = 1 4 :  C2% = 55: GOSUB 550 ' T o  d r a w  s i n g l e  box 
FOR I% = 2 TO 2 4  

NEXT I% 
LOCATE 1 0 ,  1%: PRINT C H R S ( 1 9 6 ) ;  

100  FOR I% = 56 TO 78 
110  LOCATE 1 0 ,  1%: PRINT CHR$( 196)  ; 
120  NEXT I% 
130 LOCATE 10 ,  1: PRINT C H R S ( 1 9 9 ) ;  
1 4 0  LOCATE 10 ,  2 5 :  PRINT C H R S ( 1 9 4 ) ;  
150 LOCATE 1 0 ,  55: PRINT C H R S ( 1 9 4 ) ;  
160 LOCATE 1 0 ,  79: PRINT C H R s ( 1 8 2 )  : : COLOR 0 ,  7 

180 LOCATE 4 ,  31: PRINT W e r s i o n  2 . 1 1  ( 1 9 9 0 ) " ;  
190 LOCATE 6 ,  13: PRINT "A Solvent  E x t r a c t i o n  Process H a v i n g  I n t e r a c t i n g  

200 LOCATE 8 ,  17: PRINT "For Uranium, Plutonium, T h o r i u m ,  and N i t r i c  A c i d " ;  
2 1 0  LACATE 9 ,  16: PRINT "Mass T r a n s f e r  i n  Purex- o r  T h o r e x - t y p e  

2 2 0  LOCATE 11, 3 4 :  PRINT "W.S .  Groenier";  
2 3 0  LOCATE 12, 30: PRINT "Fuel R e c y c l e  Division"; 
2 4 0  LOCATE 13 ,  2 6 :  PRINT "Oak  R i d g e  N a t i o n a l  Laboratory"; : COLOR 0 ,  7 
2 5 0  LOCATE 16, 34: PRINT In*** MENU ***n; 
2 6 0  LOCATE 18, 31: PRINT "1."; : COLAR 7 ,  0 
2 7 0  LOCATE 18, 35: PRINT " D e f i n e  a problem."; : COLOR 0 ,  7 
2 8 0  LOCATE 20, 31: PRINT s2.8t;  : COMR 7 ,  0 
2 9 0  LOCATE 20 ,  35: PRINT "Run a problem."; : C O M R  0 ,  7 
3 0 0  LOCATE 2 2 ,  31: PRINT 1 ( 3 . * 1 ;  : COLOR 7 ,  0 
3 1 0  LOCATE 2 2 ,  35: PRINT "Pr in t  a problem."; 
3 2 0  LOCATE 25, 1: INPUT i " E n t e r  the  number ( 1  t o  3 )  of your choice (0  t o  

3 3 0  CLS 
3 4 0  I F  RUNNO% < 0 OR RUNNO% > 3 THEN BEEP: GOTO 50 
350 I F  RUNNO% = 0 THEN 400 
360 ON RUNNO% GOTO 370, 380, 390 
370 RUN laseprep*l 
380 RUN "secalc" 
390 RUN llseprnt' '  
4 0 0  END 
410 REM Subrout ine t o  draw a double box. 

170 LOCATE 3,  2 9 :  PRINT "PC - S E P H I S - MOD4"; : COLOR 7 ,  0 

Solutes" ; 

Flowsheets" : 

q u i t ) .  ' I ,  RUNNO% 
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420 FOR I% = R1% + 1 TO R2% - 1 
430 LOCATE I%, C1%: PRINT CHRS(186); 
440 LOCATE I%, C2%: PRINT CHRS(186); 
450 NEXT I% 
460 FOR J% = C1% + 1 TO C2% - 1 
470 LOCATE R1%, J%: PRINT CHRS(205); 
480 LOCATE R2%, J%: PRINT CHRS(205); 
4 9 0  NEXT J% 
500 LOCATE R1%, el%: PRINT CHR$(201) ; 
510 LOCATE R1%, C2%: PRINT CHRS(187); 
520 LOCATE R2%, C1%: PRINT CHR$(200); 
5 3 0  LOCATE R2%, C2%: PRINT CHRS(188); 
540 RETURN 
550 REM Subroutine to draw a single box. 
560 FOR I% = R1% + 1 TO R2% - 1 
570 LOCATE I%, C1%: PRINT CHRS(179): 
580 LOCATE I%, C2%: PRINT CHRS(179); 
590 NEXT I% 
600 FOR J% = Cl% I- 1 TO C2% - 1 
610 LOCATE R1%, J%: PRINT CHRS(196); 
620 LOCATE R2%, J%: PRINT CHRS(l96) ; 
630 NEXT J% 
640 MCATE Rl%, Cl%: PRINT CHRS(2181; 
650 LOCATE R1%, C2%: PRINT CHRS(131); 
660 LOCATE R2%, (21%: PRINT CHRS(192); 
670 LOCATE R2%, C2%: PRINT CHRS(217); 
680 RETURN 
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SEPREP.RAS---THE PROBLEM DEFINITION PROGRAM 

1 0  REM PROGRAM SEPREP -- Solvent  E x t r a c t i o n  Process H a v i n g  I n t e r a c t i n g  

20 WIDTH %crn:tl,  80 
30 SCREEN 0, 1, 0 ,  0 
40 KEY OFF: CLS 
50 DIM C O N ( 6 ) ,  CN(9, 100) , T(100) 
60 R1% = 1: C1% = 1: R2% = 24: C2% = 79: GOSUB 4430 ' T o  draw double box 
70 ~ 1 %  I- io: ci% = 25: R2% = 1 4 :  ~ 2 %  = 55: GOSUB 4570 ' T o  draw s i n g l e  box 
80 FOR I% = 1 TO 24 
90 LOCATE 10, 1%: PRINT CHRS(196)  ; 
100 NEXT I% 
110 FOR I% = 56 TO 78 
120 LOCATE 10, I%: PRINT CHRS(196); 
130 NEXT I% 
1 4 0  LOCATE 10 ,  1: PRINT C H R $ ( 1 9 9 ) ;  
150 LOCATE 1 0 ,  25: PRINT CHRS(194); 
160 LOCATE 10, 55: PRINT C H R S ( 1 9 4 ) ;  
170 LOCATE 10, 79: PRINT CHR$(182); : COLOR 0 ,  7 
180 LOCATE 3, 29: PRINT "PC - S E P H I S - MOD4"; : COLOR 7, 0 
190 LOCATE 4, 31: PRINT V e r s i o n  2.11 (1990)8'; 
200 LOCATE 6, 13: PRINT HA Solvent E x t r a c t i o n  Process H a v i n g  In t e rac t ing  

210 LOCATE 8, 17: PRINT IvFor U r a n i u m ,  Plutonium, T h o r i u m ,  and N i t r i c  A c i d l l :  
220 LOCATE 9, 16: PRINT "Mass T r a n s f e r  i n  Purex- o r  Thorex-type 

230 LOCATE 11, 34: PRINT "W.S. G r o e n i e r " ;  
240 LOCATE 12, 30: PRINT "Fuel R e c y c l e  Division"; 
250 LOCATE 13, 26: PRINT "Oak R i d g e  Na t iona l  Laboratorytv: : COLOR 0 ,  7 
260 LOCATE 18, 25: PRINT *'*** PROBLEM DEFINITION ONLY *** ' I ;  : COLOR 7, 0 
265 LOCATE 2 1 ,  19: PRINT "A Problem Def in i t ion  file is t o  be prepared"; 
266 LOCATE 22, 21: PRINT stChoose t h e  location f o r  t h i s  f i l e  below"; 
270 LOCATE 25,  1: INPUT ; "DO you Want t o  continue (Y/N)? ", REPLY$ 
280 I F  REPLY$ <> "Yn THEN CLS : GOT0 4410 
290 LOCATE 25, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 25, 1 
295 LOCATE 25, 1: INPUT ; " W i l l  t he  f i l e  be on a d i s k e t t e  ( Y / N ) ?  I t ,  REPLY$ 
296 I F  REPLY$ <> "Ya THEN 320 
297 LOCATE 25, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 5 ,  1 
300 PRINT " Inse r t  d i ske t te  -- Press any key t o  continue."; 
310 K$ = INKEY$: I F  K$ = I"* THEN 310 
320 CLS : P$ = " # # # . # " :  Q$ = " # # # # . # # " :  PP$ = " # # # . # # " :  QQ$ = " # # # . # # # " :  

330 R1% = 1: C1% = 1: R2% = 20: C2% = 79: GOSUB 4570 ' T o  draw s i n g l e  box 
340 LOCATE 2, 32: PRINT "PROBLEM DEFINITION: l~ ;  
350 LOCATE 21, 1: INPUT ; " E n t e r  Problem T i t l e .  l a ,  T I T L E $  
360 LOCATE 4 ,  2: PRINT "Problem T i t l e :  ' I ;  T I T L E $  

S o l u t e s  -- Problem D e f i n i t i o n  

Solutes" : 

Flowsheets" : 

PQS = " # # . # # - - ^ - ' I :  PPPS = " # # # . # # # # "  

8 7  
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3 7 0  LOCATE 2 1 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 1 ,  3. 
380 INPUT ; " E n t e r  '0' f o r  Purex o r  '1' f o r  T h o r e x  Process. I t ,  IPROCE% 
390 I F  IPROCE% < 0 OR IPROCE% > 1 THEN BEEP: GOTO 370 
4 0 0  I F  IPROCE% = 0 THEN 4 2 0  
4 1 0  LOCATE 5, 2:  PRINT "Process: T h o r e x e l t ;  : GOTO 4 3 0  
4 2 0  MCATE 5 ,  2 :  PRINT "Pracess: Pur@x.ll; 
4 3 0  LOCATE 2 1 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 1 ,  1 
440 INPUT : " E n t e r  t o t a l  number of s tages  ( u p  t o  1 0 0 ) .  'I, NTOST& 
4 5 0  I F  NTOST% < 1 OR NTOST% > 100 THEN BEEP: GOTO 4 3 0  
4 6 0  LOCATE 6 ,  2: PRINT "Total  stages: *I; NTOST% 
4 7 0  LOCATE 2 1 ,  1: PRINT S P A C E S ( 7 9 ) ;  : MCATE 21, 1 
4 8 0  INPUT ; " E n t e r  V o l u m e  % TBP i n  so lvent .  I I ,  CTBP 
4 9 0  LOCATE 6 ,  4 0 :  PRINT Volume % TBP i n  s o l v e n t :  It;  : PRINT USING P$;  

500 CTBP = CTBP / loo!  
510 LOCATE 21, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 1 ,  1 
5 2 0  INPUT ; " E n t e r  i n i t i a l  or d e f a u l t  temperature i n  degrees C. 'I, TEMPI 
530 LOCATE 7 ,  2 :  PRINT " I n i t i a l  or d e f a u l t  temperature ( " ;  CHRS(248)  ; " C )  : 

5 4 0  LOCATE 2 1 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 1 ,  1 
550 INPUT : " E n t e r  '0' for no unusual s t age  connect ions o r  '1' f o r  special 

r o u t i n g  . I t  , NSTR% 
560 I F  NSTR% < 0 OR NSTR% > 1 THEN BEEP: GOTO 5 4 0  
570 I F  NSTR% = 0 THEN 650 
580 LOCATE 2 2 ,  1: INPUT : " E n t e r  s tage no. from which organic  is t a k e n .  ", 
590 I F  I S T R %  < 1 OR ISTR% > NTOST% THEN BEEP: MCATE 2 2 ,  1: PRINT 

600 LOCATE 2 3 ,  1: INPUT ; " E n t e r  stage no. t o  which organic is returned.  I) ,  

610 I F  J S T R I  < 1 OR J S T R %  > NTOST% THEN BEEP: LOCATE 2 3 ,  1: PRINT 

6 2 0  LOCATE 8, 2 :  PRINT * r O r g a n i c  t aken  from stage ' I ;  I S T R % ;  'I feeds stage ' I ;  

630 LOCATE 2 2 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 3 ,  1: PRINT S P A C E S ( 7 9 ) ;  
6 4 0  GOTO 670 
650 MCATE 8 ,  2 :  PRINT " N o  unusual stage connect ions." ;  
660 ISTR% = 0: JSTR% = 0 
670 LOCATE 2 1 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 1 ,  1 
680 I F  IPROCE% = 1 THEN IRXN% = 0: GOTO 810 
690 PRINT " E n t e r  ' 0'  f o r  no plutonium reaction. ; 
700 LOCATE 2 2 ,  1: PRINT " E n t e r  '1' f o r  in s t an taneous  reduct ion  of Pu(IV). '";  
710 MCATE 23, 1: PRINT " E n t e r  ' 2 '  f o r  reduct ion  of P u ( I V )  by U ( I V ) . l r ;  
7 2 0  LOCATE 2 4 ,  1: INPUT : " E n t e r  ' 3 '  for reduct ion  af P u ( 1 V )  by 

730 I F  IRXN% < 0 OR IRXN% > 3 THEN BEEP: LOCATE 2 4 ,  1: PRINT S P A C E S ( 7 9 ) ;  : 

7 4 0  ON (IRXN% + 1) GOTO 750,  760,  770, 780 
750 MCATE 9 ,  2:  PRINT ' 'No plutonium reaction."; : GOTO 790 
760 LOCATE 9, 2 :  PRINT "Instantaneous reduct ion  of P U ( I V ) . ~ ~ ;  : GOTO 790 
7 7 0  LOCATE 9 ,  2 :  PRINT ' # R e d u c t i o n  of P u ( 1 V )  by U ( I V ) . a u ;  : GOTO 790 
780 LOCATE 9 ,  2 :  PRINT " R e d u c t i o n  of P u ( 1 V )  by hydroxylamine n i t r a t e , " ;  
790 MCATE 2 4 ,  1: PRINT S P A C E S ( 7 9 ) ;  : MCATE 2 3 ,  1: PRINT S P A C E $ ( 7 9 ) ;  
800 MCATE 22, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 1 ,  1: PRINT S P A C E S ( 7 9 ) ;  

CTBP 

II . . , . PRINT USING P$; TEMPI 

PSTR% 

S P A C E S ( 7 9 )  : : GOTO 580 

J S T R %  

S P A C E S ( 7 9 )  ; : GOTO 600 

JSTR% : . It ; 

hydroxylamine n i t r a t e .  ' I ,  IRXN% 

GOTO 630 
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810 LOCATE 21, 1: PRINT "Enter time increment (min.). HINT - For accurate 
820 LOCATE 22, 1: PRINT "stage residence time. See User's Manual,"; 
830 LOCATE 24, 1 
840 INPUT ; "Make your entry here. ' I ,  DTHETA 
850 I F  DTHETA C= 0 THEN BEEP: GOTO 790 
860 LOCATE 10, 2:  PRINT "Time increment (rnin.) : I t *  , : PRINT USING Q$; 

870 LOCATE 24, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 23, 1: PRINT S P A C E S ( 7 9 ) ;  
880 LOCATE 22, 1: PRINT S P A C E S ( 7 9 ) ;  : MCATE 21, 1: PRINT S P A C E S ( 7 9 ) ;  
890 MCATE 21, 1: INPUT ; "Enter time between printings of the 

900 I F  DPRINT% < DTHETA THEN BEEP: GOTO 880 
910 MCATE 11, 2: PRINT WTime between printings of the concentration 

920 LOCATE 21, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 1 ,  1 
930 INPUT : "Enter time when calculations should stop (min.). 'I, TSTOP% 
940 I F  TSTOP% < DTHETA THEN BEEP: GOTO 9 2 0  
950 LOCATE 1 2 ,  2: PRINT "Time when calculations will stop (min.): ' I .  , .  * 

960 LOCATE 21, 1: PRINT S P A C E S ( 7 9 ) ;  : MCATE 2 1 ,  1 
970 INPUT ; "Tolerance for steady-state (%/min.). 'I, TOL 
980 LOCATE 13, 2: PRINT "Tolerance €or steady-state (%/min.): 'I. , - . PRINT 

990 LOCATE 21, 1: PRINT S P A C E $ ( 7 9 ) ;  : LOCATE 2 1 ,  1 
1000 PRINT "Enter '1' if mixer volumes are to be defined f o r  each phase."; 
1010 LOCATE 22, 1: PRINT "Enter '2' if only total mixer volumes are to be 

defined. ; 
1020 LOCATE 23, 1: INPUT ; "Enter '3' if mixer volumes will be phase flow 

times unit time. l a ,  IVOLM% 
1030 IF IVOLM% < 1 OR IVOLM% > 3 THEN BEEP ELSE 1060 
1040 MCATE 23, 1: PRINT S P A C E S ( 7 9 ) ;  
1050 LOCATE 22, 1: PRINT S P A C E S ( 7 9 ) ;  : GOTO 990 
1060 ON IVOLM% GOTO 1070, 1080, 1090 
1070 LOCATE 14, 2: PRINT "Mixer volumes to be defined €or each phase."; : 

1080 LOCATE 14, 2: PRINT 18Total mixer volumes to be defined."; : GOTO 1100 
1090 LOCATE 14, 2: PRINT "Mixer volumes = (phase flow) (unit time) .'I; 
1100 MCATE 23, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 22, 1: PRINT S P A C E S ( 7 9 ) ;  
1110 LOCATE 2 1 ,  1: PRINT S P A C E $ ( 7 9 ) ;  : LOCATE 2 1 ,  1 
1120 PRINT "Enter '1' if settler volumes are to be defined for each 

phase. It ; 
1130 LOCATE 22, 1: PRINT "Enter ' 2 '  if only total settler volumes are to be 

defined. ; 
1140 LOCATE 23, 1: INPUT ; "Enter 3' if settler volumes will be phase flow 

times unit time. (', IVOLs% 
1150 I F  IVOLS% < 1 OR IVOL5% > 3 THEN BEEP ELSE 1180 
1160 LOCATE 23, 1: PRINT SPACE$(79)  ; 
1170 LOCATE 22, 1: PRINT S P A C E S ( 7 9 ) ;  : GOTO 1110 
1180 ON IVOLS% GOTO 1190, 1200, 1210 
1190 LOCATE 15, 2: PRINT "Settler volumes to be defined for each phase."; : 

1200 LOCATE 15, 2: PRINT "Total settler volumes to be defined.*'; : GOTO 

1210 LOCATE 15, 2: PRINT "Settler volumes = (phase flow)(unit time).*$; 

transient results use 1/4 of"; 

DTHETA 

concentration profile (rnin.) . ", DPRINT% 

profile (min.) : 'I; : PRINT USING "####' I ;  DPRINT% 

PRINT USING " # # # # : TSTOP% 

USING PPP$; TOL 

GOTO 1100 

GOTO 1220 

1220 
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1220 LOCATE 23, 1: PRINT SPACES(79); 
1230 LOCATE 22, 1: PRINT SPACES(79) : 
1240 LOCATE 21, 1: PRINT SPACES(79); : LOCATE 21, 1 
1250 PRINT "Enter '0' if the initial concentration profile is zero."; 
1260 LOCATE 22, 1: PRINT "Enter '1' if the initial concentration profile is 

1270 LOCATE 23, 1: INPUT ; "Enter '2' if the initial concentration profile 

1280 IF IPROt < 0 OR IPRO% > 2 THEN BEEP ELSE 1310 
1290 LOCATE 23, 1: PRINT SPACES(79); 
1300 LOCATE 22, 1: PRINT SPACES(79) ; : GOTO 1240 
1310 ON (IPRO% + 1) GOTO 1320, 1330, 1340 
1320 LOCATE 16, 2: PRINT "Initial concentration profile = 0."; : GOTO 1350 
1330 LOCATE 16, 2: PRINT "Initial concentration profile ta be defined."; : 

1340 LOCATE 16, 2: PRINT ''Initial concentration profile to be read from a 

1350 LOCATE 23, 1: PRINT SPACES(79); 
1360 LOCATE 22, 1: PRINT SPACES(79); 
1370 LDCATE 21, 1: PRINT SPACES(79): : LOCATE 21, 1 
1380 PRINT "Integration method: Enter '0' for Runge-Kutta, '1' for 

1390 LOCATE 22, 1: PRINT "Fast. HINT - For accurate transient results use 
1400 MCATE 23, 1: INPUT ; "Make your entry here. ' I ,  IFAST% 
1410 IF IFAST% < 0 OR IFAST% > 2 THEN BEEP ELSE 1440 
1420 LOCATE 23, 1: PRINT SPACES(79) : 
1430 LOCATE 22, 1: PRINT SPACES(79); : GOTO 1370 
1440 ON (IFAST% + 1) GOTO 1450, 1460, 1470 
1450 LOCATE 17, 2: PRINT "Runge-Kutta integration will be used.": : GOTO 

1460 LOCATE 17, 2: PRINT "Trapezoidal integration will be Used.D'; : GOTO 

1470 LOCATE 17, 2: PRINT "Fast integration will be used."; 
1480 LOCATE 23, 1: PRINT SPACES(79); 
1490 LOCATE 22, 1: PRINT SPACES(79) ; 
1500 LOCATE 21, 1: PRINT SPACES(79); : LOCATE 21, 1 
1510 INPUT ; "Enter .1' to define extra product streams, . O  for none. ' I ,  

1520 IF NEWOUT% 0 OR NEWOUT% > 1 THEN BEEP: GOTO 1500 
1530 IF NEWOUT% = 0 THEN 1550 
1540 LOCATE 18, 2: PRINT "Extra product stream(s)."; : GOT0 1560 
1550 LOCATE 18, 2: PRINT "NO extra product streams."; 
1560 LOCATE 21, 1: PRINT SPACES(79); : LOCATE 21, 1 
1570 PRINT "Enter Drive (Path) and FILENAME for this Problem Definition 

1580 LOCATE 22, 1: INPUT ; "Examples are B:\xxxxxxxx or C:\Subdir\xxxxxxxx. 

1585 DATFILl$ = DATFILlS + ".DATt' 
1590 WCATE 19, 2: PRINT "Problem Definition data are in: DATFILl$ 
1600 LOCATE 21, 1: PRINT SPACES(79); : LOCATE 22, 1: PRINT SPACES(79); 
1610 LOCATE 25, 1: INPUT ; "Is the above information correct (Y/N)? 'I, 

1620 IF REPLY$ <> 'lY1' THEN CLS : GOTO 330 

to be defined."; 

is from a previous problem. *I, IPRO% 

GOTO 1350 

previous problem. I' ; 

Trapezoidal, or ' 2 for" : 

Fast. See User I s Manual. ; 

1 4 8 0  

1480 

NEWOUT% 

data file. : 

", DATFILlS 

REPLY$ 

1630 ON ERROR GOTO 7400 
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1 6 4 0  OPEN DATFILl$  FOR OUTPUT AS #1 
1650 CLS : WRITE #1, DATES, LEFT$(TIME$,  5) 
1660 WRITE #1, T I T L E S ,  NTOST%, CTBP, TEMPI,  NSTR%, I S T R % ,  J S T R % ,  IRXN%, 

IPROCE%, DTHETA, DPRINT%, TSTOP%, TOL, NEWOUT%, IVOLM%, IVOLs%,  IPRO%, 
IFAST% 

box 
1670 R1% = 1: C1% = 1: R2% = 23: C2% = 79: GOSUB 4 5 7 0  ' T o  draw a s ing le  

1680 LOCATE 2 ,  3 4 :  PRINT "FEED STREAMS:": 
1690 LOCATE 2 4 ,  1: INPUT ; " E n t e r  s tage number f o r  feed. I), NST% 
1700 I F  NST% < 1 OR NST% > NTOST% THEN BEEP: CLS : GOTO 1670 
1710 LOCATE 4 ,  2:  PRINT "Feed t o  Stage No.: It; NST% 
1 7 2 0  LOCATE 2 4 ,  1: PRINT S P A C E S ( 7 9 ) :  : MCATE 24, 1 
1730 INPUT : " E n t e r  type of feed (. 1' fo r  aqueous, . O v  f o r  o r g a n i c )  . 11, 

1 7 4 0  I F  JHAS% = 1 THEN 1760 
1750 I F  JHAS% = 0 THEN 1770 ELSE BEEP: GOTO 1 7 2 0  
1760 LOCATE 6 ,  2:  PRINT "Feed is A q u e o u s . " :  : GOTO 1780 
1770 MCATE 6, 2 :  PRINT "Feed is O r g a n i c . ; ' ;  
1780 LOCATE 2 4 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 4 ,  1 
1790 INPUT : " E n t e r  f l o w  ra te  ( L i t e r s / m i n . ) .  I t ,  FDRT 
1800 LOCATE 8,  2:  PRINT "Feed f l o w  ra te  ( L / m i n . )  is: 'I; : PRINT U S I N G  QQ$; 

1810 MCATE 2 4 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 4 ,  1 
1 8 2 0  INPUT : " E n t e r  N i t r i c  A c i d  concentrat ion (MI. ' I ,  CON(1) 
1 8 3 0  LOCATE 10 ,  2 :  PRINT " N i t r i c  Acid ( M ) :  ' I -  , - . PRINT USING QQS; CON(1) 
1 8 4 0  LOCATE 2 4 ,  1: PRINT SPACES(79)  : : LOCATE 2 4 ,  1 
1850 INPUT ; " E n t e r  U r a n i u m  concent ra t ion  (gU/L). (I, CON(2) 
1860 MCATE 12 , 2: PRINT tsUranium ( g / L )  : r * .  , . * PRINT USING QQ$; CON(2) 
1870 LOCATE 2 4 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 4 ,  1 
1880 I F  IPROCE% = 1 THEN 2 0 6 0  
1890 INPUT ; " E n t e r  Plutonium ( I V )  concent ra t ion  ( g P u / L ) .  * I ,  CON(3) 
1900 LOCATE 1 4 ,  2: PRINT **Plutonium ( I V )  (g/L) : ". , . * PRINT USING QQ$: 

1910 LOCATE 2 4 ,  1: PRINT S P A C E $ ( 7 9 ) ;  : LOCATE 2 4 ,  1 
1920 I F  JHAS% = 0 THEN 2 0 2 0  
1930 INPUT ; " E n t e r  Plutonium ( 1 1 1 )  concent ra t ion  (gPu/L) . 'I, CON(4) 
1 9 4 0  LOCATE 16, 2 :  PRINT l~Plutonium (111) ( g / L ) :  ' I -  , . PRINT USING QQ$; 

1950 LOCATE 2 4 ,  1: PRINT S P A C E S ( 7 9 ) ;  : MCATE 2 4 ,  1 
1960 INPUT : "Enter Plutonium R e d u c t a n t  concentrat ion ( M )  . 'I, CON(5) 
1970 MCATE 18, 2 :  PRINT **Plutonium R e d u c t a n t  (If) : *I; : PRINT USING QQ$; 

1980 MCATE 2 4 ,  1: PRINT S P A C E S ( 7 9 ) i  : LOCATE 2 4 ,  1 
1990 INPUT : " E n t e r  Inextractable Ni t ra te  Ion concentrat ion ( M ) .  Is, CON(6) 
2000 LOCATE 20, 2: PRINT "Inextractable N i t r a t e  Ion (M): 'I; : PRINT USING 

2010 LOCATE 2 4 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 4 ,  1 
2 0 2 0  INPUT : "Enter feed temperature i n  degrees C ( 0  for d e f a u l t ) .  II, TEMP 
2030 I F  ABS(TEMP) < - 0 0 1  THEN TEMP = TEMPI 
2040  MCATE 2 2 ,  2: PRINT "Temperature (a; CHRS(248)  ; llC) : I t ;  : PRINT USING 

2 0 5 0  GOTO 2130 
2060 INPUT ; " E n t e r  T h o r i u m  concentration ( g T h / L )  . I!, CON(3) 
2070 LOCATE 14, 2: PRINT "Thorium (g/L): " -  , . - PRINT USING QQ$; CON(3) 
2 0 8 0  LOCATE 2 4 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 4 ,  1 

JHAS% 

FDRT 

CON (3) 

CON(4) 

CON (5) 

QQS; CON(6) 

PS; TEMP 
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2090 I F  JHAS% = 0 THEN 2020 
2100 INPUT : " E n t e r  Inextractable  N i t r a t e  Ion concentrat ion (M).  @ I I  C O N ( 4 )  
2110 LOCATE 16, 2: PRINT "Inextractable  Ni t r a t e  Ion  (M) : 'I; : PRINT USING 

2120 GOTO 2010 
2130 LOCATE 24, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 25, 1 
2140 INPUT ; "Is the  above information correct (Y/N)? ' I ,  REPLY$ 
2150 I F  REPLY$ <> llY1l THEN CLS : GOTO 1670 
2160 LOCATE 25, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 25, 1 
2170 INPUT : " A n o t h e r  feed stream (Y/N)? *I, REPLY$ 
2180 CLS : I F  REPLY$ = "Y18 THEN INDEX% = 1 ELSE INDEX% = 0 
2190 WRITE #1, NST%, JHAS%,  FDRT 
2200 I F  JHAS% = 0 THEN V% = 3 ELSE I F  IPROCE% = 0 THEN V% = 6 ELSE V% = 4 
2210 FOR J = 1 TO V% 
2220 WRITE #1, CON(J )  
2230 NEXT J 
2240 WRITE #1, TEMP, INDEX% 
2250 I F  REPLY$ = THEN 1670 
2260 I F  NEWOUT% = 0 THEN 2500 
2270 R1% = 1: Cl% = 1: R2% = 10: C2% = 79: GOSUB 4 5 7 0  'To  draw s i n g l e  box 
2280 LOCATE 2, 33 : PRINT "PRODUCT STREAMS : 'I ; 
2290 LOCATE 3, 23: PRINT ' # ( i n  a d d i t i o n  t o  usua l  end s t r e a m s ) " ;  
2300 LOCATE 11, 1: INPUT : " E n t e r  s tage no. f o r  product.  ' I ,  NST% 
2310 I F  NST% < 1 OR NST% > NTOST% THEN BEEP: CLS : GOTO 2 2 7 0  
2320 LOCATE 5,  2: PRINT "Product from Stage N o . :  It;  NST% 
2330 LOCATE 11, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 11, 1 
2340 INPUT ; " E n t e r  type  of product (-1' f o r  aqueous, '0' f o r  o r g a n i c ) .  I t ,  

2350 I F  JHAS% = 1 THEN 2370 
2360 I F  JHAS% = 0 THEN 2380 ELSE BEEP: GOTO 2330 
2370 LOCATE 7, 2: PRINT "Product is : GOTO 2390 
2380 LOCATE 7, 2: PRINT '*Product is O r g a n i c . I @ ;  
2390 LOCATE 11, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 11, 1 
2400 INPUT ; " E n t e r  flow rate ( L i t e r s / m i n . )  . @I, OTRT 
2410 LOCATE 9 , 2: PRINT g8Product f l o w  ra te  ( L / m i n .  ) : 'I * , * . PRINT U S I N G  QQ$; 

2420 LOCATE 11, 1: PRINT S P A C E S ( 4 9 ) :  : LOCATE 25, 1 
2430 INPUT ; "1s t h e  above informat ion  correct (Y/N)? REPLY$ 
2440 I F  REPLY$ <> "Y" THEN CLS : GOTO 2270 
2450 LOCATE 25, 1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 25, 1 
2460 INPUT : " A n o t h e r  product stream (Y/N)? Io,  REPLY$ 
2470 C I S  : I F  REPLY$ = l lYBt  THEN INDEX% = 1 ELSE INDEX% = 0 
2480 WRITE #1, NST%, JHAS%, OTRT, INDEX% 
2490 I F  REPLY$ = "Yrc THEN 2270 
2500 I F  IPRO% <> 1 THEN 3340 
2510 I F  IPROCE% = 1 THEN 2530 
2520 GOSUB 4710: GOTO 2540 ' T o  prepare Screen f o r  Purex aqueous p r o f i l e  

2530 GOSUB 4870 ' T o  prepare screen for T h o r e x  aqueous p r o f i l e  data 
2540 M% = 0 
2550 FOR I% = 1 TO NTOST% 
2560 M% = M% + 1 
2570 LOCATE 25, 1: PRINT "Stage "; 1%: 
2580 LOCATE 25, 13: INPUT : " E n t e r  A q u e o u s  N i t r i c  A c i d  ( M )  . I@, C O N ( 1 )  
2590 LOCATE 6 + M%, 3: PRINT USING 1 8 # # # 1 1 ;  I%; 

QQS: CON(4) 

JHAS % 

OTRT 

data 
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2 6 0 0  LOCATE 6 + M%, 8: PRINT USING PQ$: C O N ( 1 ) ;  
2610  LOCATE 2 5 ,  13:  PRINT S P A C E S ( 6 5 ) ;  
2 6 2 0  LOCATE 2 5 ,  13: INFWT ; " E n t e r  Aqueous U r a n i u m  (g/L) . I @ ,  CON(2) 
2 6 3 0  LOCATE 6 + M % ,  18: PRINT USING PQS; C O N ( 2 ) ;  
2 6 4 0  LOCATE 2 5 ,  13: PRINT SPACES(65)  : 
2650 I F  IPROCE% = 0 THEN 2 7 2 0  
2 6 6 0  LOCATE 2 5 ,  13: INPUT ; " E n t e r  A q u e o u s  T h o r i u m  (g/L) . 'I, CON(3) 
2 6 7 0  LOCATE 6 + M % ,  2 8 :  PRINT USING PQ$; CON(3) ;  
2 6 8 0  LOCATE 25 ,  13:  PRINT S P A C E S ( 6 5 ) ;  
2 6 9 0  LOCATE 25 ,  13: INPUT : " E n t e r  A q u e o u s  Nitrate (M).  ' I ,  CON(4) 
2 7 0 0  LOCATE 6 + M % ,  3 8 :  PRINT U S I N G  PQ$; C O N ( 4 ) ;  
2 7 1 0  GOTO 2830 
2 7 2 0  LOCATE 2 5 ,  1 3 :  INPUT ; " E n t e r  A q u e o u s  P u ( 1 V )  ( g / L ) .  'I, CON(3) 
2 7 3 0  LOCATE 6 + M%, 2 8 :  PRINT USING PQS; C O N ( 3 ) ;  
2 7 4 0  LOCATE 2 5 ,  13: PRINT S P A C E S ( 6 5 ) ;  
2750 LOCATE 2 5 ,  13: INPUT ; " E n t e r  A q u e o u s  P u ( I I 1 )  ( g / L ) .  ", CON(4) 
2760 LOCATE 6 + M % ,  38: PRINT USING PQ$: CON(4) ;  
2770 LOCATE 25,  13: PRINT SPACES(65)  ; 
2 7 8 0  LOCATE 25 ,  13: INPUT ; ' # E n t e r  A q u e o u s  R e d u c t a n t  ( M )  . ", CON(5) 
2 7 9 0  LOCATE 6 3. M % ,  4 8 :  PRINT USING PQ$; CON(5) ; 
2800 LOCATE 2 5 ,  13: PRINT SPACES(65)  ; 
2 8 1 0  LOCATE 2 5 ,  13: INPUT ; " E n t e r  A q u e o u s  Ni t ra te  ( M ) .  'I, CON(6) 
2 8 2 0  LOCATE 6 .t M%, 58: PRINT U S I N G  PQ$; C O N ( 6 ) ;  
2 8 3 0  LOCATE 2 5 ,  13:  PRINT SPACES(65)  ; 
2 8 4 0  LOCATE 2 5 ,  13:  INPUT ; n E n t e r  T e m p e r a t u r e  i n  degrees C ( 0  for 

2850 I F  ABS(TEMP) 4 .001 THEN TEMP = TEMPI 
2 8 6 0  LOCATE 6 + M % ,  70: PRINT USING PP$; TEMP 
2 8 7 0  LOCATE 2 5 ,  1: PRINT S P A C E S ( 7 9 ) ;  : LOCATE 2 5 ,  1 
2 8 8 0  INPUT ; " A r e  t h e  en t r ies  fo r  t h e  l a s t  s tage correct (Y/N)?  ' I ,  REPLY$ 
2 8 9 0  LOCATE 2 5 ,  1: PRINT S P A C E S ( 7 9 ) ;  
2 9 0 0  I F  REPLY$ <> "Yl' THEN 2 5 7 0  
2910 I F  IPROCE& = 0 THEN V% = 6 ELSE V% = 4 
2 9 2 0  FOR J% = 1 TO V% 
2 9 3 0  WRITE #1, CON(J%)  
2 9 4 0  NEXT J% 
2 9 5 0  WRITE #1, TEMP 
2 9 6 0  I F  M% MOD 17 = 0 THEN CLS : M% = 0 ELSE 3000 
2 9 7 0  I F  IPROCE% = 1 THEN 2 9 9 0  
2980 GOSUB 4 7 1 0 :  GOTO 3000 'To prepare screen for Purex aqueous p r o f i l e  

2 9 9 0  GOSUB 4 8 7 0  'To prepare screen fo r  Thorex aqueous p r o f i l e  da ta  
3000 NEXT I% 
3010 CLS : M% = 0 
3 0 2 0  I F  IPROCE% = 1 THEN 3 0 4 0  
3 0 3 0  GOSUB 4790 :  GOTO 3050 'TO prepare screen f o r  Purex organic p r o f i l e  

3040 GOSUB 4 9 5 0  'To prepare screen for Thorex organic p r o f i l e  data  
3050 FOR I% = 1 TO NTOST% 
3060 M% = M% + 1 
3070 LOCATE 2 5 ,  1: PRINT "Stage 1%; 
3 0 8 0  LOCATE 2 5 ,  13: I N W T  ; " E n t e r  Organic N i t r i c  A c i d  ( M ) .  l ' ,  CON(1) 
3090 LOCATE 6 + M%, 3 :  PRINT USING * l # # # g g ;  1%; 
3100 LOCATE 6 + M%, 8 :  PRINT USING PQ$; C O N ( 1 ) ;  
3110 LOCATE 2 5 ,  1 3 :  PRINT S P A C E S ( 6 5 ) ;  

d e f a u l t ) .  ", TEMP 

data 

data 
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3120 
3130 
3 1 4 0  
3150 
3160 
3170 
3180 
3190 
3 2 0 0  
3210 
3220 
3230 
3 2 4 0  
3250 
3260 
3 2 7 0  
3280 
3290 
3300 

M C A T E  25 ,  13:  INPUT : "Enter  O r g a n i c  U r a n i u m  (g/L)  I t I  C O N ( 2 )  
LOCATE 6 -t M%, 18: P R I N T  USING PQS: C O N ( 2 )  '; 
LOCATE 2 5 ,  13: P R I N T  S P A C E S ( 6 5 ) ;  
I F  IPROCE% = 0 THEN 3190 
M C A T E  2 5 ,  13:  INPUT ; " E n t e r  O r g a n i c  Thorium (g/L) . , C O N ( 3 )  
LOCATE 6 + M%, 2 8 :  P R I N T  USING gQ$; C O N ( 3 )  ; 
GOTO 3210 
M C A T E  2 5 ,  13:  INPUT : " E n t e r  O r g a n i c  Pu(IV) (g /L)  . ' I I  C O N ( 3 )  
M C A T E  6 + M%, 28: P R I N T  USING PQ$; C O N ( 3 ) ;  
LOCATE 2 5 ,  1: P R I N T  S P A C E S ( 7 9 )  : : LOCATE 2 5 ,  1 
I N P U T  ; ' # A r e  t h e  e n t r i e s  for t he  l a s t  s taqe  correct ( Y / N )  ? '' , REPLY$ 
M C A T E  2 5 ,  1: P R I N T  S P A C E S ( 7 9 ) ;  
I F  REPLY$ <> "Y*' THEN 3070 
FOR J% = 1 TO 3 

NEXT J% 
I F  M% MOD 17 = 0 THEN CLS : M% = 0 E L S E  3320 
I F  IPROCE% = 1 THEN 3310 
GOSUB 4 7 9 0 :  GOTO 3320 'To prepare screen f o r  Pi 
data 

WRITE #1, C O N ( J % )  

rex o r g a n i c  profil 

3310 GOSUB 4950 'To  prepare screen f a r  Thorex organic  p r o f i l e  da ta  
3320 NEXT I% 
3330 CLS : GOTO 3750 
3 3 4 0  I F  I P R O %  <> 2 THEN 3750 
3350 CLS : LOCATE 10,  1: P R I N T  " E n t e r  D r i v e  ( P a t h )  and FILENAEE f o r  

3360 M C A T E  11, 1: INPUT '; "Examples are B : \ x x x x x x x x  o r  C : \ S u b d i r \ x x x x x x x x ,  

3365 DATFIL2$  = DATFIL2$  + s.DAT" 
3370 CLS : LOCATE 1 0 ,  1: P R I N T  " E n s u r e  t h a t  t h e  previous Problem R e s u l t s  

3380 LOCATE 12, 1: P R I N T  "remove any d i s k e t t e  t h a t  occupies t h e  same dr ive 

3390 M C A T E  1 4 ,  1: INPUT ; "Was it necessary t o  remove a d i s k e t t e  ( Y / N ) ?  

3 4 0 0  CLS : I F  REPLY$ = "N" THEN DSK% = 1 
3 4 1 0  ON ERROR GOTO 7550 
3 4 8 0  COLOR 0 ,  7:  LOCATE 15, 34: P R I N T  glPLEASE WAIT1#: COLOR 7 ,  0 
3 4 8 5  OPEN DATFIL2$  FOR I N P U T  AS #2 
3 4 8 6  I F  IPROCE% = 0 THEN V% = 6 ELSE V% = 4 
3487 I N P U T  # 2 ,  TLS: INPUT # 2 ,  DAS, TIS, T S  
3 4 9 0  FOR I% = 1 TO NTOST% 
3500 I F  V% = 6 THEN INPUT # 2 ,  J%, C N ( 1 ,  I % ) ,  C N ( 2 ,  I%), C N ( 3 ,  I%) ,  Y 1 ,  Y2, 

Previous Problem R e s u l t s  data f i le." ' ;  

, DATFIL2  $ 

data  f i l e  is i n  place. I f  necessary,I1; 

as t h a t  specif ied I qq : 

REPLY$ 

Y 3 r  C N ( 4 r  I % ) ,  C N ( 5 r  I % ) r  C N ( 6 ,  I%)# A l ,  A 2 ,  T ( I % ) ,  A 3 ,  A 4 ,  A 5 1  A 6 ,  
AT,  A 8 ,  A9  

Y 3 ,  C N ( 4 ,  I % ) ,  X5, X6, A l ,  A 2 ,  T ( I % ) ,  A 3 ,  A 4 ,  A 5 ,  A 6 ,  A 7 ,  A 8 ,  A 9  
3510 I F  V% = 4 THEN INPUT # 2 ,  J%, C N ( 1 ,  I%), C N ( 2 ,  I%), C N ( 3 ,  I % ) ,  Y 1 ,  Y 2 ,  

3520 NEXT I% 
3530 C M S E  #2: OPEN DATFILZ$ FOR INPUT AS # 2  
3 5 4 0  INPUT # 2 ,  TLS:  INPUT # 2 ,  DA$, T I $ ,  TS 
3550 FOR I% = 1 TO NTOST% 
3560 INPUT # 2 ,  J%, X 1 ,  X2, X3, C N ( 7 ,  I%), C N ( 8 ,  I % ) ,  C N ( 9 ,  I % ) ,  X 4 ,  X5, 

3570 NEXT I% 
X 6 ,  A l p  A 2 1  TEMP, A3p A 4 r  A 5 ,  A 6 ,  A 7 ,  A 8 ,  A9 

3580 CLOSE #2  : CLS : IF D S K ~  = 1 THEN 3620 
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3590 LOCATE 10, 1: P R I N T  " R e p l a c e  d i ske t t e  t h a t  you previously removed."; 
3600 M C A T E  14, 1: P R I N T  "Press any key t o  continue.":  
3610 K$ = INKEYS: I F  K$ = )IH THEN 3610 
3620 CLS : COLOR 0 ,  7: LOCATE 15, 34: P R I N T  "PLEASE WAITH: COLOR 7 ,  0 
3630 FOR I% = 1 TO NTOST% 
3640 FOR K% = 1 TO V% 
3650 WRITE #1, CN(K%, 1 % )  
3660 NEXT K% 
3670 WRITE #1, T ( I % )  
3680 NEXT I% 
3690 FOR I% = 1 TO NTOST% 
3700 FOR K% = 7 TO 9 
3710 WRITE #1, CN(K%,  1 % )  
3720 NEXT K% 
3730 NEXT I% 
3740 CLS 
3750 I F  IVOLM% = 3 THEN 4060 
3760 V% = 1 
3770 GOSUB 5030 'To prepare screen f o r  mixer 
3780 MM% = 0: M% = 0: N% = 0 

33 imes 

3790 LOCATE 25, 1: INPUT ; " E n t e r  Stage. ' I ,  NST% 
3800 I F  V% <> 1 THEN 3850 
3810 I F  NST% = 1 THEN V% = 0: GOTO 3850 
3820 BEEP: M C A T E  25, 1: P R I N T  S P A C E S ( 7 9 ) ;  
3830 I N P U T  ; l lYou  must e n t e r  Stage 1 first -- E n t e r  Stage. ' I I  NST% 
3840 GOTO 3800 
3850 MM% = MM% + 1: M% = M% + 1: IF M% MOD 18 = 0 THEN N% = 42: M% = 1 
3860 LOCATE 6 + M%, 3 + N%: P R I N T  USING " # # # " ;  NSTB; 
3870 LOCATE 25, 1: P R I N T  S P A C E S ( 7 9 ) ;  
3880 ON IVOLM% GOTO 3890, 3950 
3890 LOCATE 25, 1: INPUT ; " E n t e r  A q u e o u s  Mixer V o l u m e  (L)  . ' I ,  VOLA 
3900 LOCATE 6 + M % ,  9 + N%: P R I N T  USING PQ$; VOLA; 
3910 LOCATE 25, 1: PRINT SPACES(79); 
3920 LOCATE 25, 1: INPUT : " E n t e r  O r g a n i c  Mixer V o l u m e  ( L ) .  ' I ,  VOLO 
3930 LOCATE 6 + M%, 19 i N%: P R I N T  USING PQ$; VOU); 
3940 GOTO 3980 
3950 M C A T E  25, 1: INPUT ; " E n t e r  Total  Mixer V o l u m e  ( L ) .  ' I ,  VOLA 
3960 LOCATE 6 + M % ,  29 + N%: P R I N T  USING PQ$; VOLA; 
3970 VOLO = 0 
3980 LOCATE 25, 1: P R I N T  S P A C E S ( 7 9 ) ;  
3990 LOCATE 25, 1: INPUT : "More Mixer V o l u m e  Data (Y/N)?  ' I ,  REPLY$ 
4000 I F  REPLY$ = 18Y31 THEN INDEX% = 1 ELSE INDEX% = 0 
4010 WRITE #l, NST&,  VOLA, V O M ,  INDEX% 
4020 I F  REPLY$ <> r r Y a  THEN 4050 
4030 I F  MM% MOD 34 = 0 THEN CLS : GOTO 3770 
4040 LOCATE 25, 1: P R I N T  S P A C E S ( 7 9 ) ;  : GOTO 3790 
4050 CLS 
4060 IF IVOLS% = 3 THEN 4370 
4070 V% = 1 
4080 GOSUB 5110 'To prepare screen for set t ler  volumes 
4090 MM% = 0: M% = 0: N% = 0 
4100 LOCATE 25, 1: INPUT ; * ' E n t e r  Stage. ", NST% 
4110 I F  V% <> 1 THEN 4160 
4120 I F  NST% = 1 THEN V% = 0: GOTO 4160 
4130 BEEP: M C A T E  25, 1: P R I N T  SPACES(79); 
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4140 INPUT ; atyou must enter Stage 1 first -- Enter Stage. ' I I  NST% 
4150 GOTO 4110 
4160 MM% = MM% + 1: M% = M% i 1: IF M% M O D  18 = 0 THEN N% =Z 42: M% = 1 
4170 LOCATE 6 + M%, 3 + N%: PRINT USING " # # # " ;  N5T%; 
4180 LOCATE 25, 1: PRINT SPACES(79); 
4190 ON IVOLS% GOTO 4200, 4260 
4200 LOCATE 25, 1: INPUT : "Enter Aqueous Settler Volume ( L ) .  ' I I  VOLA 
4210 LOCATE 6 + M % ,  9 + N%: PRINT USING PQS; VOLA; 
4220 LOCATE 25, 1: PRINT SPACES(79); 
4230 LOCATE 25, 1: INPUT ; "Enter Organic Settler Volume ( L ) .  I t f  V O W  
4240 LOCATE 6 i M%, 19 + N%: PRINT USING PQS: VQEO; 
4250 GOTO 4290 
4260 LOCATE 25, 1: INPUT ; "Enter Total Settler Volume (L). 'I, VOLA 
4270 LOCATE 6 + M % ,  29 + N%: PRINT USING PQ$; V O W ;  
4280 VOLO = 0 
4290 LOCATE 25, 1: PRINT SPACES(79); 
4300 LOCATE 25, 1: INPUT ; W o r e  Settler Volume Data (Y/N)? 'II REPLY$ 
4310 IF REPLY$ = 'lYl' THEN INDEX% = 1 ELSE INDEX% = 0 
4320 WRITE #1, NST%, VOLA, VOID, INDEX% 
4330 IF REPLY$ <> "Y" THEN 4360 
4340 IF MM% M O D  34 = 0 THEN CLS : GOT0 4080 
4350 LOCATE 25, 1: PRINT SPACES(79); : GOTO 4100 
4360 CIS 
4370 CLOSE #1 
4380 LOCATE 10, 1: INPUT ; "DO you want a printout of this problem 

4390 IF REPLY$ = lrY" THEN 5190 ITa obtain the printout 
4400 CLS 
4410 RUN 81'sephis'1 
4420 END 
4430 REM Subroutine to draw a double box. 
4440 FOR I% = R1% + 1 TO R2% - 1 
4450 LOCATE I%, C1%: PRINT CHRS(186) ; 
4460 LOCATE I%, C2%: PRINT CHRs(186) ; 
4470 NEXT I% 
4480 FOR J% = C1% + 1 TO C2% - 1 
4490 LOCATE R1%, J%: PRINT CHRS(205); 
4500 LOCATE R2%, J%: PRINT CHRS(205); 
4510 NEXT J% 
4520 LOCATE R1%, C1%: PRINT CHRS(201); 
4530 LOCATE R1%, C2%: PRINT CHRS(187); 
4540 LOCATE R2%, C1%: PRINT CHRs(200) ; 
4550 LOCATE R2%, C2%: PRINT CHRS(188); 
4560 R E T U R N  
4570 R E M  Subroutine to draw a single box. 
4580 FOR I% = R1% + 1 TO R2% - 1 
4590 LOCATE I%, C1%: PRINT CHRS(179); 
4600 LOCATE I%, C2%: PRINT CHR$(179); 
4610 NEXT I% 
4620 FOR J% = C1% + 1 TO C2% - 1 
4630 LOCATE R1%, J%: PRINT CHR$(196); 
4640 LOCATE R2%, J%: PRINT CHRS(196); 
4650 NEXT J% 
4660 LOCATE R1%, C1%: PRINT CHRS(Z18); 
4670 LOCATE R1%, C2%: PRINT CHRS(191); 

definition data (Y/N)? ' I f  REPLY$ 
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4680 LOCATE R2%, C1%: PRINT CHR$(192); 
4690 LOCATE R2%, C2%: PRINT CHRS(217); 
4700 RETURN 
4710 REM Subroutine to prepare screen for Purex aqueous profile data. 
4720 R1% = 1: (21% = 1: R2% = 24: C2% = 79: GOSUB 4570 'To draw single box 
4730 LOCATE 2, 26: PRINT "INITIAL CONCENTRATION PROFILE:t1; 
4740 LOCATE 3, 36: PRINT 8~(Aqueous)t~; 
4750 LOCATE 4, 2: PRINT "Stage HN03 U PU(1V) Pu(II1) 

4760 LOCATE 5, 3: PRINT "No. ( M I  (g/L) (g/L) (g/L) 
REDUCTANT NITRATE TEMPIt ; 

(MI (MI (C) "; 
4770 LOCATE 6, 2: PRINT *t----- --------- --------- --------- --------- --- 

-----I -------- ... -----It. 

4780 RETURN 
4790 REM Subroutine to prepare screen for Purex organic profile data. 
4800 R1% = 1: C1% = 1: R2% = 24: C2% = 79: GOSUB 4570 'TO draw single box 
4810 LOCATE 2, 26: PRINT "INITIAL CONCENTRATION PROFILE:"; 
4820 LOCATE 3, 36: PRINT tf(Organic)tl; 
4830 LOCATE 4, 2: PRINT "Stage HN03 U pu(rv) 1 8 ;  

4840 LOCATE 5, 3: PRINT "NO. (M) (g/L) (g/L) 'I ; 
4850 LOCATE 6, 2: PRINT 'I----- --------- --------- ---------ll. 
4860 RETURN 
4870 REM Subroutine to prepare screen for Thorex aqueous profile data. 
4880 R1$ = 1: C1% = 1: R2% = 24: C2% = 79: GOSUB 4570 'To draw single box 
4890 LOCATE 2, 26: PRINT ''INITIAL CONCENTRATION PROFILE: 'I; 
4900 LOCATE 3, 36: PRINT ft(Aqueous)lt; 
4910 LOCATE 4, 2: PRINT "Stage HN03 U Th NITRATE 

TEMP" : 
4920 LOCATE 5, 3: PRINT "NO. ( M I  (g/L) (g/L) (MI 

(C)"; 
4930 LOCATE 6, 2: PRINT It,-,-- --------- --------- --------- --------- 

----,ll. 

4940 RETURN 
4950 REM Subroutine to prepare screen for Thorex organic profile data. 
4960 R1% = 1: C1% = 1: R2% = 24: C2% = 79: GOSUB 4570 'To draw single box 
4970 LOCATE 2, 26: PRINT 181NITIAL CONCENTRATION PROFILE:"; 
4980 LOCATE 3, 36: PRINT "(Organic)"; 
4990 MCATE 4, 2: PRINT "Stage HN03 U Th" ; 
5000 LOCATE 5, 3: PRINT #'NO. (MI  (g/L) (g/L) If ; 5010 LOCATE 6, 2 : PRINT It----- --------- ----I---- ---------8l ; 
5020 RETURN 
5030 R E M  Subroutine to prepare screen for mixer volumes. 
5040 R1& = 1: C1% = 1: R2% = 24: C2% = 79: GOSUB 4570 'To draw single box 
5050 LOCATE 2, 34: PRINT "MIXER VOLUMES:aa; 
5060 LOCATE 3, 7: PRINT "(Provide data only for first stage and stages 

5070 LaCATE 4, 2: PRINT "Stage Mixer Volume (L) Stage 
where volume changes) It : 

Mixer Volume (L)"; 

Aqueous Organic Total" ; 
5080 LOCATE 5, 3: PRINT "NO. Aqueous Organic Total No. 

5090 LOCATE 6, 2: PRINT W----- ------- ------- ------- ----- 
5100 RETURN 
5110 REM Subroutine to prepare screen for settler volumes. 
5120 R1% = 1: C1% = 1: R2% = 24: C2% = 79: GOSUB 4570 'To draw single box 

------- ------- -----_- It . 
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5130 LOCATE 2, 33: PRINT "SETTLER 
5140 LOCATE 3, 7: PRINT "(Provide data only f o r  first stage and stages 

where volume changes) ; 
5150 LOCATE 4, 2: PRINT "Stage Settler Volume (L) Stage 

Settler Volume (L) ; 

Aqueous Organic Total8I : 
5160 LOCATE 5, 3: PRINT "No. Aqueous Organic Total No. 

5170 LOCATE 6, 2: PRINT ll----- ------- ------- ----D ------- ------- _-p--_- II . 
5180 RETURN 
5190 REM The following routine provides a printout of problem definition 

5200 ON ERROR GOTO 7680 
5210 OPEN DATFIL1S FOR INPUT AS #1 
5220 LOCATE 12, 1: PRINT "Have printer ON and READY -- Then press any 
5230 K$ = INKEY$: IF K$ = THEN 5230 
5240 LOCATE 1.2, 1: PRINT SPACES(79); 
5250 COLOR 0, 7: LOCATE 15, 34: PRINT "PLEASE WAIT": C O M R  7, 0 
5260 LPRINT CHR$ (15) : 
5270 WIDTH "lptl:", 135 
5280 INPUT #1, DAT$, TIM$ 
5290 INPUT #1, TITLES, NTOST%, CTBP, TEMPI, NSTR%, ISTR%, JSTR%, IRXN%, 

data. 

key. ; 

IPROCE%, DTHETA, DPRINT%, TSTOP%, TOL, NEWOUT%, TVOLM%, I V O L S % ,  IPRO%, 
IFAST% 

SPACES(63); DAT$; In: TIM$ 
5300 LPRINT vlPROBLEM DEFINITION DATA FOR SEPHIS MOD4, Ver. 2.11:"; 

5310 LPRINT : LPRINT Problem: 8 8 :  TITLES 
5320 LPRINT 
5330 IF IPROCE% = 0 THEN LPRINT SPACES(10) ; "PUREX PROCESS. '' 
5340 IF IPROCE% = 1 THEN LPRINT SPACES(10); "THOREX PROCESS." 

5360 LPRINT SPACES(10) : lBTotal stages: r r :  NTOST% 
5370 LPRINT SPACES(10); 81Volume % TBP in solvent: ' I ;  : LPRINT USING P$; 

5380 LPRINT SPACES(10) ; "Initial or default temperature ( ' I ;  CHRS(248) ; 'IC) : 

5390 LPRINT USING P$; TEMPI 
5400 IF NSTR% = 0 THEN LPRINT SPACE$(10); "NO unusual stage connections" 
5410 IF NSTR% = 1 THEN LPRINT SPACES(10); @'Organic taken from stage 'I; 

5420 IF IPROCEI = 1 THEN 5480 
5430 ON ( I W %  + 1) GOTO 5440, 5450, 5460, 5470 
5440 LPRINT SPACE$ (10) ; "NO Plutonium reaction. : GOTO 5480 
5450 LPRINT SPACES(10); "Instantaneous reduction of Pu(IV).": GOTO 5480 
5460 LPRINT SPACE$ (10) : "Reduction of pu (IV) by U (IV) . 'If : GOTO 5480 
5470 LPRINT SPACES(10); 18Reduction of Pu(1V) by hydroxylamine nitrate.?' 
5480 LPRINT SPACES(10); "Minutes per time increment: If;  : LPRINT USING Q$; 

5490 LPRINT SPACES(10); liMinutes between printing of the concentration 

5500 LPRINT SPACES(10); "Calculations will stop af te r  'I; 

5510 LPRINT USING " # # # # " ;  TSTOP%; 
5520 LPRINT minutes or when a tolerance of O r ;  

5530 LPRINT USING PPP$; TOL; 

5350 PQ$ = R$ r # # # .  t"  

CTBP * loo! 
11 * 

ISTR%; feeds stage * I :  JSTR%; II.II 

DTHETA 

profile: 'I; : LPRINT USING " # # # # ' "  DPRINT% 
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LPRINT % per minute is reached." 
ON IVOLM% GOTO 5560, 5570, 5580 
LPRINT SPACES(10); "Mixer volumes are defined for each phase.": GOTO 
5590 
LPRINT SPACE$(10); "Total mixer volumes are defined (phase ratios = 
flow ratios).": GOTO 5590 
LPRINT SPACES(10) ; "Mixer volumes = (phase flow) (unit time) . I t  

ON IVOLS% GOTO 5600, 5610, 5620 
LPRINT SPACES(10); Itsettler volumes are defined for each phase.": GOTO 
5630 
LPRINT SPACES(10); "Total settler volumes are defined (phase ratios = 
flow ratios).": GOTO 5630 
LPRINT SPACES (10) : "Settler volumes = (phase flow) (unit time) .I' 
ON (IPRO% + 1) GOTO 5640, 5650, 5660 
LPRINT SPACES(10); "Initial concentration profile is zero.": GOTO 5670 
LPRINT SPACES(10); "Initial concentration profile is defined.": GOTO 
5670 
LPRINT SPACE$(10); llInitial concentration profile is from a previous 
problem. it 
ON (IFAST% + 1) GOTO 5680, 5690, 5700 
LPRINT SPACES(10); llRunge-Kutta integration will be used.": GOTO 5710 
LPRINT SPACE$(10); IITrapezoidal integration will be used.": GOTO 5710 
LPRINT SPACES(10); "Fast integration will be used." 
IF NEWOUT% = 0 THEN LPRINT SPACES(10); "NO extra product streams." 
IF NEWOUT% = 1 THEN LPRINT SPACES(10): "Extra product stream(s).*' 
LPRINT : LPRINT SPACE$ (10) ; "The FILESPEC for this Problem Definition 
data file is: *I; DATFIL1$: LPRINT 
LPRINT "FEED AND PRODUCT STREAM DATA: " 
LN% = 22 
IF IPROCE% = 0 THEN GOSUB 6980 'To set up Purex feed & product chart 
IF IPROCE% = 1 THEN GOSUB 7040 'To set up Thorex feed & product chart 
INPUT #1, NST%, JHAS%, FDRT 
IF JHAS% = 0 THEN V% = 3 ELSE IF LPROCEb = 0 THEN V% = 6 ELSE V& = 4 
FOR I = 1 TO V% 

NEXT I 
INPUT #1, TEMP, INDEX% 
IF JHAS% = 1 THEN LPRINT SPACE$ ( 8 )  ; "AQUEOUS 
IF JKAS% = 0 THEN LPRINT SPACES(4); : LPRINT USING P$; CTBP * loo!; : 
LPRINT % TBP I @ ;  

LPRINT USING ll###ll; NST&; 
FOR I = 1 TO V% 

NEXT I 
IF V8 = 3 THEN LPRINT SPACES(42); 
IF V% = 4 THEN LPRINT SPACES(28) ; 
LPRINT USING PQS; FDRT; 
LPRINT USING R$: TEMP 
LN% = LN% + 1 
IF INDEX% <> 1 THEN 5980 
IF LN% < 55 THEN 5780 
LPRINT CHRs(12); : LN% = 0: GOTO 5760 
IF NEWOUT% = 0 THEN 6120 
IF LN% < 55 THEN 6030 
LPRINT CKRS(12) ; : LN% = 0 

INPUT #1, CON(1) 

LPRINT USING FQS; CON(1); 
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6010 IF IPROCE% = 0 THEN GOSUB 6980 'To set up Purex f eed  & product chart  
6020 IF IPROCE% = 1 THEN GOSUB 7040 'To set up Thorex feed & product chart 
6030 INPUT #1, NST%, JHAS%, OTRT, INDEX% 
6040 IF JHAS% = 1 THEN LPRINT SPACE$($) ; "AQUEOUS 
6050 IF JHAS% = 0 THEN LPRINT SPACES(8) ; I1ORGANIC 
6060 LPRINT USING ''###8"; NST%; 
6070 LPRINT 'I Product stream removed (ac tua l  f l o w  r a t e  to be 

6080 LPRINT SPACES(22); : LPRINT USING PQ$; OTRT 
6090 LN% = LN% + 1 
6100 IF INDEX% <> 1 THEN 6120 
6110 IF LN% >= 55 THEN 6000 ELSE 6030 
6120 IF IPRO% = 0 THEN 6530 
6130 IF LN% < 50 THEN LPRINT : LN% = JJl% + 1: GOTO 6150 
6140 LPRINT CHRS(12) : : LN% = 0 
6150 LPRINT "INITIAL AQUEOUS PROFILE DATA:": LN% = LN% -k 1 
6160 IF IPROCE% = 0 THEN GOSUB 7100: V% = 6 'To set up Purex aqueous 

6170 IF IPROCE% = 1 THEN GOSUB 7160: V% = 4 'To s e t  up Thorex aqueous 

6180 FOR I% = 1 TO NTOST% 
6190 IF LN% < 55 THEN 6230 
6200 LPRINT CHRS(12); : LN% = 0 
6210 IF IPROCE% = 0 THEN GOSUB 7100 'To set up Purex aqueous p r o f i l e  

6220 IF IPROCE% = 1 THEN GOSUB 7160 'To set up Thorex aqueous p r o f i l e  

6230 FOR J% = 1 TO V% 
6240 INPUT #1, C O N ( J % )  
6250 NEXT J% 
6260 INPUT #1, TEMP 
6270 LPRINT SPACES(16) ; : LPRINT USING " # # # " ;  1%; 
6280 FOR J% = 1 TO V% 
6290 LPRINT USING PQS; C O N ( J % )  ; 
6300 NEXT J% 
6310 IF V% = 6 THEN LPRINT SPACES(14) : 
6320 IF V% = 4 THEN LPRINT SPACES(42): 
6330 LPRINT USING R$: TEMP 
6340 LN% = LN% + 1 
6350 NEXT I% 
6360 IF LN% < 50 THEN LPRINT : LN% = LN% 5 1: GOTO 6380 
6370 LPRINT CHRs(12) : : LN% = 0 
6380 LPRINT IIINITIAL ORGANIC PROFILE DATA:": LN% = LN% + 1 
6390 IF IPROCE% = 0 THEN GOSUB 7280 'To set up Purex organic p r o f i l e  chart 
6400 IF IPROCE% = 1 THEN GOSUB 7340 'To set up Thorex organic p r o f i l e  

6410 FOR I% = 1 TO NTOST% 
6420 IF LN% < 55 THEN 6460 
6430 LPRINT CHRS(12): : LN% = 0 
6440 IF IPROCE% = 0 THEN GOSUB 7280 'To set up Purex organic p r o f i l e  

6450 IF IPROCE% = 1 THEN GOSUB 7340 

6460 FOR J% = I TO 3 

computed) *# ; 

p r o f i l e  chart  

p r o f i l e  chart 

chart  

chart  

chart  

chart  

'To s e t  up Tharex organic p r o f i l e  
chart 
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6470 INPUT #1, CON(J%) 
6480 NEXT J% 
6490 LPRINT SPACES(16); : LPRINT USING l l # # # l ' ;  1%; 
6500 LPRINT USING PQS; CON(1); CON(2); CON(3) 
6510 LN% = LN% + 1 
6520 NEXT I% 
6530 IF IVOLM% = 3 THEN 6740 
6540 IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOTO 6560 
6550 LPRINT CHRS(12); : LN% = 0 
6560 LPRINT "MIXER VOLUME DATA (L) : ' I :  LN% = LN% + 1 
6570 GOSUB 7220 'To set up volume chart 
6580 PX% = 0 
6590 INPUT #1, NST%, VOLA, VOLO, INDEX% 
6600 NS% = NST%: VLA = VOLA: Vu3 = VOW: IDEX% = INDEX% 
6610 IF IVOLM% <> 1 THEN 6640 
6620 LPRINT SPACES(16); : LPRINT USING " # # # * I ;  NS%; 
6630 LPRINT USING PQ$; VLA; VLO: GOTO 6660 
6640 LPRINT SPACES(16) ; : LPRINT USING q t # # # l i ;  NS8; 
6650 LPRINT SPACES(28); : LPRINT USING FQS; VLA 
6660 W %  = LN% + 1 
6670 IF LN% < 55 THEN 6690 
6680 IF NS% = NTOST% THEN 6740 ELSE LPRINT CHRS(12); : LN& = 0: GOSUB 7220 
6690 IF PX% = 1 THEN 6720 
6700 IF IDEX% <> 1 THEN 6730 
6710 INPUT #1, NST%, VOLA, VOW, INDEX% 
6720 IF NST% = NS% + 1 THEN PX% = 0: GOTO 6600 ELSE NS% = NS% + 1: PX% = 1: 

6730 IF NS% <> NTOST% THEN NS% = NS% + 1: GOTO 6610 
6740 IF IVOIS% = 3 THEN 6950 
6750 IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOTO 6770 
6760 LPRINT CHRS(12); : LN% = 0 
6770 LPRINT "SETTLER VOLUME DATA (L) :": LN% = LN% + 1 
6780 GOSUB 7220 'To set up volume chart 
6790 PX% = 0 
6800 INPUT #1, NST%, VOLA, VOLQ, INDEX% 
6810 NS% = NST%: VLA = VOLA: V M  = VOM: IDEX% = INDEX% 
6820 IF IVOLS% <> 1 THEN 6850 
6830 LPRINT SPACES(16); : LPRINT USING i l # # # g q :  NS%; 
6840 LPRINT USING Pa$; V U ;  VLQ: GOTO 6870 
6850 LPRINT SPACES(16); : LPRINT USING " # # # " ;  NS%; 
6860 LPRINT SPACES(28) ; : LPRINT USING PQ$; VLA 
6870 LN% = LN% + 1 
6880 IF LN% < 55 THEN 6900 
6890 IF NS% = NTOST% THEN 6950 ELSE LPRINT CHRs(12); : LN% = 0: GOSUB 7220 
6900 IF PX% = 1 THEN 6930 
6910 IF IDEX% <> 1 THEN 6940 
6920 INPUT #1, NST%, VOLA, VOM, INDEX% 
6930 IF NST% = NS% + 1 THEN PX% 0: GOTO 6810 ELSE NS8 = NS% + 1: PX% = 1: 

6940 IF NS% <> NTOST% THEN NS% * NS% + 1: GOTO 6820 
6950 LPRINT CHRS(12); 
6960 LPRINT CHRS (18) ; 
6970 GOTO 4400 
6980 REM Subroutine to set up chart for Purex feed b product stream data. 

GOTO 6610 

GOTO 6820 
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LPRINT SPACES (16) : ~ ~ S T ~ G E  NITRIC ACID URANIUM 
NITRATE ION FLOW RATE 
LPRINT SPACE$ ( 17) : "NO. (MI (g/L) 
(M) (L/min) 

LN% = LN% + 3 

LPRINT SPACE$ (16) : "STAGE NITRIC ACID URANIUM 

LPRINT SPACE$ (17) ; "NO. (MI ( W L )  
(g/L) (MI (MI 

LN% = LN% + 3 

LPRINT SPACE$ (16) : "STAGE NITRIC ACID URANIUM 

LPRINT SPACES ( 17) : "NO. (MI (g/E) 
(MI 

LN% = LN% + 3 

LPRINT SPACES(16); mi----- ----I------ ----------- ----------- _-----_I--- 

RETURN 
REM Subrout ine to set up Purex aqueous p r o f i l e  char t .  

PU (111) REDUCTANT NITRATE ION 

LPRINT SPACE$(16); 11-,--- ---------I- -..--------- ----------- ----------- 
RETURN 
REM Subrout ine t o  set up Thorex aqueous p r o f i l e  char t .  

NITRATE ION 

LPRINT SPACE$ (16) ; @I----- ----------- ----------- 
-c--------- 

RETURN 
REM Subrout ine t o  set up volume c h a r t .  
LPRINT SPACE$ (16) ; "STAGE AQUEOUS ORGANIC 
LPRINT SPACE$ (17) : "NO. VOLUME VOLUME 

LN% = LN% + 3 
LPRINT SPACE$(16); 8 8 - - - - -  ----------- ----------- 

RETURN 
REM Subrout ine t o  set up Purex organic p r o f i l e  chart. 
LPRINT SPACE$ (16) ; "STAGE NITRIC ACID URANIUM 
LPRINT SPACE$ ( 17 ) : #'NO. (MI (g/L) 

LN% = LN% + 3 
LPRINT SPACES(16); Ii,---, -------I--- 

RETURN 
REM Subrout ine t o  set up Thorex o r g a n i c  p r o f i l e  c h a r t .  
LPRINT SPACE$ (16) : "STAGE NITRIC ACID URANIUM 
LPRINT SPACE$ (17) : "NO. (MI ( W L )  

LN% = LN% + 3 
LPRINT SpACE$(16); II---- ,  --______pll ----_-_---- 

RETURN 
REM E r r o r  t r a p p i n g  r o u t i n e .  
LOCATE 25, 1: PRINT SPACES(79); 
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7420 IF ERR = 64 THEN LOCATE 25, 1: PRINT "Bad file name"; : GOTO 7460 
7430 IF ERR = 61 THEN MCATE 25, 1: PRINT "Disk full"; : GOTO 7500 
7440 IF ERR = 71 THEN LOCATE 25, 1: PRINT "Disk not ready"; : GOTO 7540 
7450 ON ERROR GOTO 0 
7460 PRINT - Press any key to continue'; 
7470 M$ = INKEYS: IF KS = v'q THEN 7470 
7480 LOCATE 25, 1: PRINT SPACES(79); 
7490 RESUME 1560 
7500 PRINT 
7510 K$ = INKEY$: IF K$ = I"' THEN 7510 
7520 LOCATE 25, 1: PRINT SPACES(79); 
7530 RESUME 1640 
7540 PRINT It - Insert data disk in correct drive and press any key"; : 
7550 REM Error trapping routine. 
7560 MCATE 15, 34: PRINT SPACES(12); 
7570 IF ERR = 64 THEN LOCATE 25, 1: PRINT "Bad file name"; : GOTO 7610 
7580 IF ERR = 71 THEN LOCATE 25, 1: PRINT " D i s k  not ready"; : GOTO 7640 
7590 IF ERR = 53 THEN LOCATE 25, 1: PRINT "File not found"; : GOTO 7610 
7600 ON ERROR GOTO 0 
7610 PRINT It - Press any key to continue"; 
7620 K$ = INKEYS: I F  K$ = "'I THEN 7620 
7630 RESUME 3350 
7640 PRINT - Insert data disk in correct drive and press any key"; 
7650 K$ * INKEYS: IF K$ = THEN 7650 
7660 LOCATE 25, 1: PRINT SPACES(79); 
7670 RESUME 3480 
7680 REM Error trapping routine, 
7690 LOCATE 15, 34: PRINT SPACES(12); 
7700 IF ERR = 24 THEN LOCATE 25, 1: PRINT "Your printer is not ready"; : 

GOTO 7720 
7710 ON ERROR GOTO 0 
7720 PRINT - Check it and press any key"; 
7730 KS 5 I N K E Y S :  IF KS = I"' THEN 7730 
7740 LOCATE 25, 1: PRINT SPACES(79); 
7750 COLOR 0, 7: LOCATE 15, 34: PRINT "PLEASE WAIT"; : COLOR 7, 0 
7760 RESUME 

- Replace with new disk and press any key"; 

GOTO 7510 





APPENDIX C 
SECALC.BAS-+HE MAIN MODULE 

The Main Module of the calculational program (SECALC-BAS) includes 7 
routines (STARTS, CONVPUl , CONVPU2, CONVPU3 , CONVTHl, CONVTH2 , and 
CONVTH3). The main program is described in Sect. C.l with a listing in 
Sect. C2. The STARTS routine is described in C.3 and listed in C . 4 .  The 
C O W  routines are described and listed in C . 5  and C . 6  respectively. 

C . l  Main Program (SECALC) 

Statements Description 

10- 400 Introductory material that produces the initial title screen, 
notes the need for a previously prepared Problem Definition 
file (and provides a means to exit if such is not available), 
and requests the Filespecs for the available Problem Definition 
file and for the Problem Results file that is to be produced. 
Filespecs must include drive (path) designation (e.g., 
B:\FILENAME or C:\Subdir\FILENAME) but no extension 
(B:\FILENAME.DAT is incorrect). 

Definition file for input, opens the Problem Results file f o r  
output, and opens a scratch file for temporary data storage. 
The user is reminded to have the printer on and ready. (Note: 
The printer should be adjusted to use the IBM character set.) 

510- 650 General information from the Problem Definition file is read 

410- 500 Defines format for printing of results, opens the Problem 

and array variables are dimensioned. 

Stage calculations will be made by sweeping through the cascade 
in both directions. The direction for the first set of 
calculations (made in the direction of aqueous phase flow) is 
defined in statement 660 as NDIREC% = 1. Statement 670  
calculates the specific heat of the organic phase (SPH) and the 
molar concentration of TBP (T) as follows: 

660- 790 

SPH = 0.321 + 0 .078  CTBP (C.1) 

T = 3.65145 CTBP ( C . 2 )  

where CTBP = volume fraction of TBP in the organic phase, 
SPH = specific heat of the organic phase, cal./g’C, and 
T = molarity of TBP. 

The above is based on a TBP density of 0.9725 g/mL and a TBP 
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Statements Description 

800 

810-1240 

1250 

3080-3130 
3 7 0 0-3 7 4 01 
4 24 0-4 2 50 

4260-4700 

molecular weight of 266.3. The maximum inventory change of any 
component in any stage (CODUM) is initiated at a value of 200%. 
Stage and feed stream temperatures are initially set at the 
default value (TEMPI) provided by the Problem Definition file, 

A subroutine in statements 7670-7970 is used to set up a status 
screen by which cascade calculations can be monitored. 

General information from the Problem Definition file is printed 
out and a "Problem is defined." statement appears on the screen. 

The STaRTS routine begins here. It contains general input 
functions and sets the system hydraulics. The routine ends 
with statement 3070 that places a 18Cascade flows are 
established." statement on the screen. For details of the 
STARTS routine, see Sect. C.3. 

The initial aqueous and organic concentration profiles are 
converted to a solute-free basis through the use o f  routines 
CONVPU2 and CONVPU3, respectively, or alternately, CONVTH2 and 
CONVTH3. For details of these routines, see Sect. C.5, 

Stage volumes are read from the Problem Definition file, if 
supplied. If no volume data are supplied, the volumes are 
assumed to be numerically equal to the flow rate per unit time; 
i.e., one stage throughput per minute. When volume data are 
supplied, only data for the first stage are necessary unless 
volumes change in other stages. If no data are found for a 
given stage, the volumes for the previous stage are assumed to 
apply. All mixer and settler phase volumes are established 
based on supplied phase volume data, calculated from supplied 
total stage volume data, or set numerically equal to the phase 
flow. These data are sent to the printer. 

The phases i n  each stage are equilibrated for an initial 
concentration profile if not previously equilibrated, defined 
as zero concentration, or provided from a previous problem 
result. The equilibration routine is by-passed if IPRO% = 0 or 
if EQCKDG% = 1. The equilibration routine calls Subprogram 
UCORPU or UCORTH to obtain distribution coefficients for the 
equilibrations. For details o f  these Subprograms, see Sect. 
D . 3 .  Calculations are made from an overall material balance 
and the definition of the distribution coefficient. 
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Statements Description 

5060-5310 

5320-5330 

5340-5400 

where D = Distribution coefficient from UCORPU or UCORTH, 
X =E Aqueous phase concentration in mixer, 
Y = Organic phase concentration in mixer, 
A = Aqueous phase volume, and 
0 = Organic phase volume. 

Subscripts 1 and 2 refer to the equilibrium condition and the 
condition prior to equilibrium respectively. Several (up to 3 )  
equilibrations are made until the aqueous phase concentration 
changes by 41% upon re-equilibration as denoted by the index 
ICK%. If the change is <1%, ICK% = 1, otherwise ICX% = 0. 
Concentrations in the settlers are set equal to mixer 
concentrations. Mixer temperatures are set equal to the 
temperature profile provided from the Problem Definition file 
or, if none is provided, set to the default temperature. 
(Note: All discussion to follow will use condition 1 and 
condition 2 to refer to the beginning and end, respectively, of 
a time increment over which stage calculations are made.) 

The printout for problem results is begun, total time and print 
time are set to zero, and the total solute fed to the system 
(SOIN) is calculated from feed rates and feed concentrations. 
Statements are placed on the screen denoting the type of 
integration used and if plutonium undergoes reduction. Routing 
indices NSTOP%, NBORT%, NPRNT%, and NMAXT% are set to 1, the 
time increment counter (NSTG%) is set to 0, and control is 
transferred to statement 6210 where the total time is compared 
with time to print. Since they are both zero at this point, 
control is transferred to statement 6230 where the print index 
(NPRNTX) is set to 0. Print time is advanced for the 
subsequent printout and the appropriate print Subprogram (PRTPU 
or PRTTH) is called. For details of these Subprograms, see 
Sect. D.7. The print subprogram prints out all stage 
concentrations for zero time. Since no other routing index was 
changed to 0, mixer concentrations for condition 2 are reset to 
those f o r  condition 1, as the print Subprogram converted 
condition-2 values to molar units. Control then transfers to 
statement 5320 where the first time increment is shown on the 
screen. 

The STAGES Subprogram is now called for the current time 
increment. Details of this Subprogram are shown in Sect. 
D . 5 .  The STAGES Subprogram is entered with concentrations at 
the beginning of the time increment, designated as condition 1. 
STAGE5 performs stage-wise calculations and returns 
concentrations for the end of the time increment, designated as 
condition 2. STAGES also returns values of the array CODUM, 
the maximum inventory change of any component in a stage per 
minute. 

The direction for calculations (NDIREC%) is reversed for the 
next time increment, routing index NSTOP% is set to 0 pending a 
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Statements Description 

5410-5710 

5720-5930 

59 4 0-6 180 

6190-6430 

check on steady-state attainment, the counter NSTG% is 
incremented, time is advanced, and the maximum inventory change 
in a stage ( C o w )  is calculated and shown on the screen. 
COMAX is the largest value in the array CODUM, each element of 
which represents the maximum inventory change of any component 
in a stage. Note that the total process time is represented 
exactly by TOTIME: integer values are represented by TOME%. 

Settler concentrations are converted to molar units and the 
total solute leaving the system (SOT) is calculated from 
settler concentrations and exit stream flow rates. 

A bar graph is drawn on the screen to show, for each solute, 
the overall material balance at this time. 

If the integer (truncated) value of process time (TOME%) is 
equal to the exact value (TOTIME) ,  the overall material balance 
for each solute is logged into the scratch file. A steady- 
state operation check is made by comparing values of CODUM with 
the specified tolerance (TOL). If any value of CODUM is larger 
than TOL, steady-state has not been attained and the index 
NSTOP% is reset to 1. Concentrations for condition 1 are made 
equal to those for condition 2 €or use in a subsequent stage 
calculation. 

These statements consider program control based on several 
options. 

1. If steady-state operation was attained (NSTOP% = 0 ) ,  the 
appropriate print Subprogram (PRTPU or PRTTH) is called and 
control advances to statement 6440 en route to the end of 
the program. 

2. If a key on the keyboard was pressed to prematurely stop 
calculations, the index NBORT% is set to 0 and the 
appropriate print Subprogram is called; control then 
advances to statement 6690 en route to requesting the 
user’s desire to continue or stop” 

printing results, the index NPRXJT% is set to 0, print time 
is advanced for the subsequent printout, and the 
appropriate print Subprogram is called. Control then 
advances to statement 6350 where mixer concentrations for 
condition 2 are reset to those f o r  condition 1, as the 
print Subprogram converted condition-2 values to molar 
Units. Control then transfers to statement 5320 where the 
next time increment is shown on the screen. 

3. If process time equals the time that was requested €or 

4. If none of the above occurred and process time is less than 
the maximum specified time ( T S T O P % ) ,  control transfers to 
statement 5320 where the next time increment is shown on 
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Statements Description 

the screen. However, if process time equals or exceeds 
TSTOP%, the index NMAXT$ is set to 0 and the appropriate 
print Subprogram is called; control then advances to 
statement 6730 en route to requesting the user's desire to 
continue or stop. 

6440-6680 The Problem Results file is prepared by writing the problem 
title, time and date, and stage concentrations (including 
densities, extraction factors, flow rates, and degree of 
solvent saturation). The printout for problem results is 
completed by printing valid ranges for the distribution data 
incorporated in Subprograms UCORPU or UCORTH. 
time is also printed. If steady-state operation was attained, 
the statement "Steady-state condition is met ---** is placed on 
the screen. Control then transfers to statement 6840. 

Computer run 

6690-6720 The statement "Calculations stopped ----I'  is placed on the 
screen and control transfers to statement 6760. 

6730-6750 The statement I'Maximum time reached ----*I is placed on the 
screen and control transfers to statement 6760. 

6760-6830 The user is asked if calculations should continue. If the 
reply is not in the affirmative, control transfers to statement 
6440. If calculations are to continue, control transfers to 
statement 6350 (after first doubling the value of TSTOP% if 
NMAXT% = 0) where mixer concentrations for condition 2 are 
reset to those for condition 1, as the print Subprogram 
converted condition-2 values to molar units. Control then 
transfers to statement 5320 where the next time increment is 
shown on the screen. 

6840-6940 Final wrapup of the program occurs by transferring the overall 
material balance values for each component from the scratch 
file to the Problem Results file. Up to 1000 sets of data will 
be transferred. If the calculations went on for more than 1000 
minutes, only the final 1000 sets will be transferred. The 
scratch file is then erased and the program terminates. 

C . 2  Listing of Program SECALC (The Main Module) 

10 REM PROGRAM sEcALC -- Solvent Extraction Process Having Interacting 
2 0  REM This module contains the MAIN program: STARTS routine; CONVPU1, 2, 

30 REM $DYNAMIC 
4 0  REM $INCLUDE: 'A:SECOM.BI1 
50 WIDTH "scm:", 80 
60 SCREEN 0, 1, 0 ,  0 

Solutes -- Problem Calculations -- MAIN MODULE 
and 3 routines; and CONVTH1, 2, and 3 routines. 
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70 KEY OFF: CLS 
80 R1% = 1: C1% = 1: R2% = 23: C2% = 79: GOSUB 6950 'To draw double box 
90 R1% = 10: C1% = 25: R2% = 14: C2% = 55: GOSUB 7090 'To draw sinale box 
100 
110 
120 
130 
140 
150 
160 
17 0 
180 
190 
200 
210 
220 

230 
240 

250 
260 
270 
280 
290 
295 
300 

3 10 
320 
330 
335 
336 
337 
340 
360 
370 

380 

385 
390 

400 
404 
405 
406 
410 

420 
430 
440 
441 
442 

FOR I% = 1 TO 24 

NEXT I% 
FOR I% = 56 TO 78 

NEXT I% 
LOCATE 10, 1: PRINT CHRS(199) ; 
LOCATE 10, 25: PRINT CHRS(194); 
LOCATE 10, 55: PRINT CHRS(194); 
LOCATE 10, 79: PRINT CHRS(182); : COLOR Q, 7 

LOCATE 4, 31: PRINT Wersion 2.11 (1990)'l; 
LOCATE 6, 13: PRINT *#A Solvent Extraction Process Having Interacting 
Solutes ; 
LOCATE 8, 17: PRINT IIFor Uranium, Plutonium, Thorium, and Nitric Acid"; 
LACATE 9, 16: PRINT "Mass Transfer in Purex- or Thorex-type 
Flowsheets'l : 
LOCATE 11 , 34 : PRINT "W. S . Groenierll : 
LOCATE 12, 30: PRINT "Fuel Recycle Division"; 
LOCATE 13, 26: PRINT ffOak Ridge National Laboratory8I: : COLOR 0, 7 
LOCATE 17, 24: PRINT "*** PROBLEM CALCULATION ONLY * * * ' I ;  : COMR 7, 0 
LOCATE 19, 20: PRINT "Problem Definition file must be available"; 
LOCATE 20, 21: PRINT vfChoose the location for this file below"; 
LOCATE 21, 14: PRINT "If not prepared, return to MENU and run Option 
No. l . I 1 :  

MCATE 24, 1: INPUT ; "DO you want to continue (Y/N)? 'I, REPLY$ 
IF REPLY$ <> llYll THEN CLS : GOTO 6930 
MCATE 24, 1: PRINT SPACES(79) ; : LOCATE 24, 1 
INPUT : Will the file be on a diskette (Y/N)? ' I ,  REPLY$ 
IF REPLY$ <> ''Y't THEN 370 
LOCATE 24, 1: PRINT SPACES(79); : LOCATE 24, 1 
PRINT "Insert diskette -- Press any key to continue. I' ; 
K$ = INKEYS: IF K$ = M I I  THEN 360 
LOCATE 24, 1: PRINT SPACE$(79); : LOCATE 25, 1: PRINT SPACES(79); : 
LOCATE 24, 1 
PRINT "Enter Drive (Path) and FILENAME of Problem Definition data file. 

LOCATE 25, 1: INPUT : "Make your entry here. 'I, DATFILlS 
LOCATE 24, 1: PRINT SPACES(79); : LOCATE 25, 1: PRINT SPACES(79); : 
LOCATE 24, 1 
PRINT "Enter Drive (Path) and FILENAME f o r  Problem Results data f i l e . 1 n ;  
LOCATE 25, 1: INPUT : "Make your entry here. I!, DATFILZS 
DATFILlS = DATFILlS 9 ".DATgt 
DATFIL2$ = DATFIL2$ 9 ''.DATgt 
CLS : P$ = " # # # . # " :  Q$ = " # # # # . # # " :  PP$ = " # # # . # # " ' :  PQ$ = I' 

LOCATE 10, 1%: PRINT CHR$(196); 

LOCATE 10, 1%: PRINT CHRS(196) ; 

LOCATE 3, 29: PRINT "PC - S E P H I S - MOD4"; : COLOR 7, 0 

91 . 

# # . # # * ^ ^ ^ * I :  R$ = 81 # # # . # ' I :  RR$ = # # # . # " :  QQS = # # *  # # - -  - - 1 1 .  

PPPS = ' I###.####" 

ON ERROR GOTO 7980 
OPEN DATFILlS FOR INPUT AS #1 
OPEN DATFIL2$ FOR OUTPUT AS #2 
DATFIL3S = DATFILZS 
IF RIGHT$(DATFIL3$, 1) = ' l\ll THEN 4 4 5  
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443 DATFIL3$ = LEFT$(DATFIL3$, LEN(DATFIL3$) - 1) 
444 GOTO 4 4 2  
445 DATFIL3$ = DATFIL3$ + "scratchg8 
450 OPEN DATFIL3$ FOR RANDOM AS # 3  LEN = 40 
460 FIELD 3, 10 AS F1$, 10 AS F2$, 10 AS F3$, 10 AS F4$ 
470 ON ERROR GOTO 8070 
480 LOCATE 10, 1: PRINT #@Output will be directed to the PRINTER.": 
490 LOCATE 15, 1: PRINT "Have printer ON and READY -- Then press any key."; 
500 K$ = INKEYS: IF K$ = @I1) THEN 500 
510 LPRINT CHR$ (15) : 
520 WIDTH l'lptl:", 135 
530 INPUT #1, DATl$, TIM1$ 
540 INPUT #1, TITLES, NTOST%, CTBP, TEMPI, NSTR%, ISTR%, JSTR%, IRXN%, 

IPROCE%, DTHETA, DPRINT%, TSTOP%, TOL, NEWOUT%, IVOLM%, IVOLS%, IPRO%, 
IFAST% 

550 DIM CODUM(NTOST%), CODUMM(6, NTOST%), X(6, NTOST%, Z ) ,  Y(3, NTOST%, 2 )  
560 DIM XS(NTOST%, 3, 6, 2) , YS(NTOST%, 3 ,  3 ,  2 ) ,  ANET(NTOST%) 

5 7 0  DIM XFD(6, NTOST%), YFD(3, NTOST%), AFDRT(NTOST%), OFDRT(NTOST%) 
580 DIM AFDTEM(NTOST%), OFDTEM(NTOST%), ALVRT(NTOST%), OLVRT(NTOST%) 
590 DIM TPROF(NTOST%, 2), ATS(NTOST%, 3, 2 ) ,  OTS(NTOST%, 3, 2) 
600 DIM AVOL(NTOST%) , OVOL(NTOST%) , ASVOL(NTOST%) , OSVOL(NTOST%) 
610 DIM CON(6) 
620 DIM AOUT(NTOST%) , OOUT(NTOST%) , AAOUT(NTOST%) , OOOUT(NTOST1) 
630 DIM ARY(6), DTRY(3), AQ(6) , ORG(3), EXTl(NTOST%), EXTZ(NTOST%), 

ONET (NTOST%) , AT (NTOST%) , OT (NTOST%) 

EXT3 (NTOST%) 
640 DIM RXNTRM(6, NTOST%), AIN(6), OIN(3) MB(3) SOIN(4), SOT(4) 
650 DIM ADEN(NTOST%) , ODEN(NTOST%) , TSAT(NTOST%) 
660 NDIREC% = 1 
670 SPH = .321 + -078 * CTBP: T = 3.65145 * CTBP 
680 FOR I% = 1 TO NTOST% 
690 CODUM(I%) = 200! 
700 AFDTEM(I%) = TEMPI: OFDTEH(I%) = TEMPI 
710 NEXT I% 
720 FOR I% = 1 TO 2 
730 FOR J% = 1 TO NTOST% 
740 TPROF(J%, 1%) = TEMPI 
750 FOR K% = 1 TO 3 
760 ATS(J%, K%, 1%) = TEMPI: OTS(J%, K%, 1%) = TEMPI 
770 NEXT K% 
780 NEXT J% 
790 NEXT I% 
800 GOSUB 7670 'To set up status screen 
810 LPRINT "PROBLEM DEFINITION DATA FOR SEPHIS MOD4, Ver. 2.11:"; 

820 LPRINT : LPRINT Problem: It ; TITLE$ : LPRINT 
830 IF IPROCE% = 0 THEN LPRINT SPACES(10); "PUREX PROCESS" 
8 4 0  IF IPROCE% = 1 THEN LPRINT SPACE$(lO); "THOREX PROCESS" 
850 LPRINT SPACES(10): "Total stages: "; NTOST% 
860 LPRINT SPACE$(lO); "Volume % T3P in solvent: : LPRINT USING P$; 

870  LPRINT SPACE$ (10) ; "Initial or default temperature ()I ; CHR$ (248) : @IC) : 

880 L~RINT USING PS; TEMPI 
890  I F  NSTR% = 0 THEN LPRINT SPACES(10) : "NO unusual stage connections" 

SPACES(63) : DATl$; , TIM1$ 

CTBP * loo! 
11 . 
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900 IF NSTR% = 1 THEN LPRINT SPACE$(10); "Organic taken from stage 'I; 

910 IF IPROCE% = 1 THEN 970 
920 ON (IRXN% + I) GOTO 930, 940, 950, 960 
930 LPRINT SPACES(10); "NO Plutonium reaction.": GOTO 970 
940 LPRINT SPACES(10); "Instantaneous reduction of PU(IV).~I: GOTO 970 
950 LPRINT SPACES(10); "Reduction Of Pu(IV) by U(IV).": GOTO 979 
960 LPRINT SPACES(10); "Reduction of Pu(1V) by hydroxylamine nitrate." 
970 LPRINT SPACES(10): "Minutes per time increment: 11: : LPRINT USING Q$; 

ISTR%; feeds stage 14: JSTR%; 

DTHETA 

980 LPRINT SPACE$(10); 91Minutes between printing of the concentration 

990 LPRINT SPACES(10); "Calculations will stop after I r ;  

1000 LPRINT USING l l # # # # q l :  TSTOP%; 
1010 LPRINT minutes or when a tolerance of Io; 

1020 LPRINT USING PPP$; TOL: 
1030 LPRINT 'I % per minute is reached." 
1040 ON IVOLM% GOTO 1050, 1060, 1070 
1050 LPRINT SPACES(10); "Mixer volumes are defined for each phase.": GOTO 

1060 LPRINT SPACES(10); "Total mixer volumes are defined (phase ratios = 
flow ratios).": GOTO 1080 

1070 LPRINT SPACES(10) : "Mixer volumes = (phase flow) (unit time) 
1080 ON IVOLS% GOTO 1090, 1100, 1110 
1090 LPRINT SPACE$(10); tfSettler volumes are defined for each GOTO 

1100 LPRINT SPACES(10); '*Total settler volumes are defined (phase ratios = 

1110 LPRINT SPACE$(lO); "Settler volumes = (phase flow)(unit time)." 
1120 ON (IPRO% + 1) GOTO 1130, 1140, 1150 
1130 LPRINT SPACES(10); "Initial concentration profile is zero.'': GOTO 1160 
1140 LPRINT SPACES(10); #lInitial concentration profile is defined.": GOTO 

1150 LPRINT SPACES(10): "Initial concentration profile is from a previous 

1160 ON (IFAST% + 1) GOTO 1170, 1180, 1190 
1170 LPRINT SPACE$ (10) ; "Runge-Kutta integration will be used. : GOT0 1200 
1180 LPRINT SPACE$ (10) ; 'Trapezoidal integration will be used. 'I: GOTO 1200 
1190 LPRINT SPACES(10); "Fast integration will be used." 
1200 IF NEWOUT% = 0 THEN LPRINT SPACES(10); "NO extra product Streamss9' 
1210 IF NEWOUT% = 1 THEN LPRINT SPACE$(10); '"Extra product stream(s)." 
1220 LPRINT : LPRINT SPACES(10); "The FILESPEC f o r  this Problem Definition 

1230 LPRINT SPACESIZO) ; "The FILESPEC for this Problem Results data file 

1240 LDCATE 6, 1: PRINT 18Problem is defined.": 
1250 REM The STARTS routine - General input functions, sets system 

profile: * I ;  : LPRINT USING a q # # # # 8 1 ;  DPRINT% 

1080 

1120 

flow ratios).": GOTO 1120 

1160 

problem. 

data file is: DATFILlS 

is : ; DATFIL2 $ 

hydraulics. 

3080 IF IPRO% = 0 THEN 4240 
3090 IF LN% < 50 THEN LPRINT : LN8 = LN% + 1: GOTO 3110 
3100 LPRINT CHRs(12) ; : LN8 = 0 
3110 LPRINT "INITIAL AQUEOUS PROFILE DATA:": LN% = LN9 + 1 
3120 IF IPROCE% = 0 THEN 3140 1CONVPU2 routine 
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3130 IF IPROCE% = 1 THEN 3430 'CONVTH2 routine 

3700 IF LN% < 50 THEN LPRINT : LN% = LN% -+ 1: GOTO 3720 
3710 LPRINT CHRS(12); : LN% = 0 
3720 LPRINT "INITIAL ORGANIC PROFIWE DATA:": LN% = LN% 4 1 
3730 IF IPROCE% = 0 THEN 3750 'CONVPU3 routine 
3740 IF IPROCEO = 1 THEN 4000 'CONVTH3 routine 

4240 IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOTO 4260 
4250 LPRINT CHRS(12) ; : LN% = 0 
4260 LPRINT "STAGE VOLUME AND FLOW RATE DATA (Molal basis) :": LN% = LN% + 1 
4270 GOSUB 7230 'To set up volume and flow rate chart 
4280 IF IVOLM% = 3 THEN 4380 
4290 PX% = 0 
4300 INPUT #1, NST%, VOLA, VOLO, INDEX% 
4310 NS% = NST%: VLA = VOLA: Vu) = VOLO: IDEX% = INDEX% 
4320 AVOL(NS%) = VLA: OVOL(NS%) = VLO 
4330 IF PX% = 1 THEN 4360 
4340 IF IDEX% <> 1 THEN 4370 
4350 INPUT #1, NST%, VOLA, VOLO, INDEX% 
4360 IF NST% = NS% + 1 THEN PX% = 0: GOTO 4310 ELSE NS% = NS% + 1: PX% = 1: 

4370 IF NS% 0 NTOST% THEN NS% = NS% + 1: GOTO 4320 
4380 IF IVOLS% = 3 THEN 4480 
4390 PX% = 0 
4400 INPUT #1, NST%, VOLA, VOLO, INDEX% 
4410 NS% = NST%: VLA = VOLA: VLO = VOM: IDEX% = INDEX% 
4420 ASVOL(NS%) = VLA: OSVOL(NS%) = V M  
4430 IF PX% = 1 THEN 4460 
4440 IF IDEX% <> 1 THEN 4470 
4450 INPUT #1, NST%, VOLA, VOLO, INDEX% 
4460 IF NST% = NS% + 1 THEN PX% = 0: GOTO 4410 ELSE NS% = NS% + 1: PX% * 1: 
4470 IF NS% <> NTOST% THEN NS% = NS% + 1: GOTO 4420 
4480 FOR I% = 1 TO NTOST$ 
4490 ON IVOLM% GOTO 4540, 4500, 4530 
4500 OVOL(I%) = AVOL(I%) * OT(I%) / (AT(I%) + OT(I%)) 
4510 AVOL(I%) = AVOL(I%) - OVOL(I%) 
4520 GOTO 4540 
4530 AVOL(I%) = AT(I%): OVOL(I%) = OT(I%) 
4540 ON IVOLS% GOTO 4590, 4550, 4580 
4550 OSVOL(I%) = ASVOL(I%) * OT(I%) / (AT(I%) + OT(I%)) 
4560 ASVOL(I%) = ASVOL(I%) - OSVOL(I%) 
4570 GOTO 4590 
4580 ASVOL(I%) = AT(I&): OSVOL(I%) = OT(I%) 
4590 IF AVOL(I%) < .0001 THEN AVOL(I%) = O! 
4600 IF OVOL(I%) < .0001 THEN OVOL(I%) = O! 
4610 IF ASVOL(I%) < .0001 THEN ASVOL(I%) = O! 
4620 IF OSVOL(I%) < .0001 THEN OSVOL(I%) = O! 
4630 NEXT I% 
4640 MCATE 10, 1: PRINT "Stage volumes and flows are defined."; 
4650 FOR I% = 1 TO NTOST% 
4660 IF LN% >= 55 THEN LPRINT CHRS(12); : LN% = 0: GOSUB 7230 
4670 LPRINT SPACES(5): : LPRINT USING ' I### 1%; 

GOTO 4320 

GOTO 4420 
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4680 LPRINT USING PQ$; AVOL(I%) : OVOL(I%) : ASVOL(I%) : OSVOL(I%) : AT(I%) ; 

4690 LN% = LN% + 1 
4700 NEXT I% 
4710 IF IPRO% = 0 OR EQCKDG% = 1 THEN 5060 
4720 FOR I% = 1 TO NTOST% 
4730 AV = AVOL(I%) + ASVOL(I%): OV = OVOL(I%) + OSVOL(I%) 
4740 FOR J% = 1 TO 3 
4750 FOR K% = 1 TO 6 
4760 ARY(K%) = X(K%, I%, 2) 
4770 NEXT K% 
4780 ICK% = 0: TEMPC = TPROF(I%, 2 )  
4790 IF IPROCE% <> 0 THEN 4820 
4800 CALL UCORPU 'The UCORPU Subprogram is called here. 
4810 GOTO 4830 
4820 CALL UCORTH 'The UCORTH Subprogram is called here. 
4830 FOR K% = 1 TO 3 
4840 x(K%, I%, 1) = (ov * YIK%, I%, 2 )  + AV * x(K%, I%, 2)) / (AV + ov * 

OT(I%) : ANET(I%) ; ONET(I%) 

DTRY (K%) ) 

ov 

ICK% = 1 

4850 Y(K%, I%, 1) = Y(K%, I%, 2) + (X(K%, I%, 2 )  - X(K%, I%, 1)) * AV / 
4860 IF ABS(X(K%, I$, 1) - X(K%, I%, 2 ) )  > (.01 * X(K%, I%, 1)) THEN 
4870 x(K%, I%, 2 )  = x(K%, I%, 1): Y(K%, 18, 2 )  = Y(K%, I%, 1) 
4880 NEXT K% 
4890 FOR K% = 4 TO V% 
4900 X(K%, I%, 1)  = X(K%, I%, 2) 
4910 NEXT K% 
4920 IF ICK% = 0 THEN 4940 
4930 NEXT J% 
4940 FOR J% = 1 TO 3 
4950 FOR K% = 1 TO 2 
4960 ATS(I%, J%, K%) = TPROF(I%, 1): OTS(I%, J%, K%) = TPROF(I%, 1) 
4970 FOR L% = 1 TO V% 
4980 XS(I%, J%, L % ,  K%) = X(L%, I%, 1) 
4990 NEXT L% 
5000 FOR L% = 1 TO 3 
5010 YS(I%, J%, L%, K%) = Y(L%, I%, 1) 
5020 NEXT L% 
5030 NEXT K% 
5040 NEXT J% 
5050 NEXT I% 
5060 LPRINT CHRS(12); : TIM2$ = TIME$: DAT2$ = DATE$ 
5070 LPRINT "PROBLEM RESULTS FOR SEPHIS MOD4, Ver. 2.11: ' I ;  SPACE$ (71) : 

5080 LPRINT : LPRINT 'It Problem: ll; TITLE$: LPRINT If (mixer 

5090 TOTIME = O!: PRTIME% = 0: LN% = 5:  TOME% = 0 
5100 FOR I% = 1 TO NTOST% 
5110 FOR J% = 1 TO 4 
5120 SOIN(J%) = SOIN(J%) + AFDRT(I%) * XFD(J%, 1%) 
5130 NEXT J% 
5140 NEXT I% 
5150 FOR I% = 1 TO NTOST% 
5160 FOR J% = 1 TO 3 

DAT2$; 'I; LEFT$(TIM2$, 5) 

concentrations shown) I t :  LPRINT 
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5170 SOIN(J%) = SOIN(J%) + OFDRT(I%) * YFD(J%, 1%) 
5180 NEXT J% 
5190 NEXT I% 
5200 IF IPROCE% = 0 THEN SOIN(3) = SOIN(3) + SOIN(4) 
5210 ON (IFAST% + 1) GOTO 5220, 5230, 5240 
5220 LOCATE 11, 1: PRINT "Using Runge-Kutta integration.t1: : GOTO 5250 
5230 LOCATE 11, 1: PRINT '@Using trapezoidal integration."; E GOTO 5250 
5240 LOCATE 11, 1: PRINT IWsing fast' integration.@8; 
5250 IF IPROCE% = 1 THEN 5301 
5260 ON (IRXN% + 1) GOTO 5270, 5280, 5290, 5300 
5270 LOCATE 12, 1: PRINT "NO plutonium reaction."; : GOTO 5301 
5280 LOCATE 12, 1: PRINT 18Pu(IV) reduced instantaneously."; : GOTO 5301 
5290 LOCATE 12, 1: PRINT ItPu(IV) reduced by U(IV).lt; : GOTO 5301 
5300 LOCATE 12 , 1: PRINT **Pu (IV) reduced by hydroxylamine nitrate. ; 
5301 LOCATE 13, 1: PRINT "Print time = min. ; 
5302 LOCATE 14, 1: PRINT "Maximum time = min."; 
5303 LOCATE 13, 16: PRINT USING " # # # # a ' ;  PRTIME%; 
5304 LOCATE 14, 16: PRINT USING " # # # # " ;  TSTOP%; 
5305 MCATE 10, 58: PRINT USING PPP$; TOL; 
5310 NSTOP% = 1: NBORT% = 1: NPRNT% = 1: NMAXT% = 1: NSTG% = 0: GOTO 6210 
5320 LOCATE 6, 57: PRINT USING " # # # # . # # " ;  TOTIME + DTHETA; 
5330 CALL STAGES(NDIREC%) 'The STAGES Subprogram is called here. 
5340 NDIREC% = -NDIREC%: NSTOP% = 0: NSTG% J NSTG% + 1: TOTIME = DTHETA * 

NSTG% 
5350 NBORT% = 1: NPRNT% = 1: NMAXT% = 1: TOME% = FIX(TOT1ME): COMAX = O! 
5360 FOR I% = 1 TO NTOST% 
5365 FOR J% = 1 TO V% 
5370 IF CODUMM(J1, 1%) > COMAX THEN COMAX = CODUMM(J%, 1%): ICO% = J%: 

IST% = I% 
5375 NEXT J% 
5380 NEXT I% 
5390 IF COMAX > loo! THEN COMAX = loo! 
5395 LOCATE 9, 76: PRINT USING " # # # " :  IST%; 
5397 LOCATE 10, 77: PRINT USING " # # ' I ;  ICO%; 
5400 LOCATE 9 ,  58: PRINT USING PPP$; COMAX; 
5420 FOR I% = 1 TO NTOST% 
5540 IF I% = 1 THEN OOOUT(1) = OT(1): AAOUT(1) = ALVRT(1): GOTO 5570 
5550 IF I% = NTOST% THEN AAOUT(NTOST%) = AT(NTOST%): OOOUT(NTOST%) = 

5560 AAOUT(I%) = ALVRT(I%): OOOUT(I%) = OLVRT(I%) 
5570 NEXT I% 
5580 FOR I% = 1 TO 4 
5590 SOT(I%) = O !  
5600 NEXT I% 
5610 FOR I% = 1 TO 4 
5620 FOR J% = 1 TO NTOST% 
5630 SOT(I%) = SOT(I%) + AAOUT(J%) * XS(J%, 3, I%, 2) 
5640 NEXT J% 
5650 NEXT I% 
5660 FOR I% = 1 TO 3 
5670 FOR J% = 1 TO NTOST% 
5680 SOT(I%) = SOT(I%) + OOOUT(J%) * YS(J%, 3 ,  I%, 2 )  
5690 NEXT J% 
5700 NEXT I% 
5710 IF IPROCE% = 0 THEN SOT(3) = SOT(3) + SOT(4) 

OLVRT(NTOST%): GOTO 5570 
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5720 
5730 
5740 
5750 
5760 
5770 
5780 
5790 
5800 
5810 
5820 
5830 
5840 
5850 
5860 
587 0 
5880 
5890 
5900 
5910 
5920 
5930 
5940 

FOR I% = 1 TO 3 
R1% = 15 + 2 * I% 
IF SOIN(I%) < .000001 THEN MB(I%) = O!: GOTO 5930 
LOCATE R1%, 2: PRINT SPACES(78) : 
MB(I%) = loo! * SOT(I%) / SOIN(I%) 
LOCATE 12 + I%, 69: PRINT USING PP$; MB(I%); 
IF MB(I%) < 90! THEN 5930 
IF MB(I%) > loo! THEN MMB% = 79: GOTO 5870 
IF MB(I%) > 99! THEN 5860 
MMB% = CINT(3! CINT(MB(I%) - g o ! )  + 2 ! )  
FOR J% = 2 TO MMB% 

NEXT J% 
GOTO 5930 
MMB% = CINT(5! * (lo! * MB(I%) - 990!) + 29!) 
FOR J% = 2 TO 29 

NEXT J% 
FOR J% = 30 TO MMB% 

NEXT J% 

LOCATE R1%, J%: PRINT CHRS(176); 

LOCATE R1%, J%: PRINT CHRS(176) ; 

LOCATE R1%, J%: PRINT CHRS(178); 

NEXT I% 
ON ERROR GOTO 8140 

5950 IF TOME% = 0 THEN 6000 
5960 IF ABS(TQME% - TOTIME) > .001 THEN 6000 
5970 LSET F1$ = MKI$(TOME%): LSET F2$ = MKSS(MB(1)) 
5980 LSET F3$ = MKSS(MB(2)): LSET F4$ = MKSS(MB(3)) 
5990 PUT # 3 ,  TOME% 
6000 FOR I% = 1 TO NTOST% 
6010 IF CQDUM(I%) > TOL THEN NSTOP% I- 1 
6020 TPROF(I%, 1) = TPROF(I%, 2) 
6030 FOR J% = 1 TO 3 
6040 ATS(I%, J%, 1) = ATS(I%, J%, 2): QTS(I%, J%, 1) = OTS(Y%, J%, 2) 
6050 NEXT J% 
6060 FOR J% = 1 TO 3 
6070 X(J%, I%, 1) = X ( J % ,  I%, 2): Y(J%, I%, 1) = Y(J%, I%, 2 )  
6080 FOR K% = 1 TO 3 
6090 XS(I%, K%, J%, 1) = XS(I%, K%, J%, 2): YS(I%, K%, J%, 1) = YS(I%, 

6100 NEXT K% 
6110 NEXT J% 
6120 FOR J% = 4 TO V% 
6130 X(J%, I%, 1) = X(J%, I%, 2 )  
6140 FOR K% = 1 TO 3 
6150 XS(I%, K % ,  J%, 1) = XS(I%, K%, 3 % ,  2 )  
6160 NEXT K% 
6170 NEXT J% 
6180 NEXT I% 
6190 IF NSTOP% = 0 THEN 6250 
6200 K$ = INKEYS: IF LEN(K$) <> 0 THEN NBORTZ = 0: GOTO 6258 
6210 IF TOTIME >= TSTOP% THEN NMAXT% = 0: GOTO 6250 
6220 IF ABS(TOT1ME - PRTIME%) > .001 THEN 5320 
6230 NPRNT% = 0 
6240 PRTIME% = PRTIME% + DPRINT% 
6245 LOCATE 13, 16: PRINT USING PRTIKE%: 

K % ,  J%, 2) 
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6250 LPRINT "TIME = I@; : LPRINT USING Q$; TOTIME: : LPRINT MINUTES": 

6260 LN% = LN% + 2 
6270 IF IPROCE% <> 0 THEN 6300 
6280 CALL PRTPU 'The PRTPU Subprogram is called here. 
6290 GOTO 6310 
6300 CALL PRTTH 'The PRTTH Subprogram is called here. 
6310 IF NSTOP% = 0 THEN 6440 
6320 IF NBORT% = 0 THEN 6690 
6330 IF NPRNT% = 0 THEN 6350 
6340 IF NMAxT% = 0 THEN 6730 
6350 FOR 1% = 1 TO NTOST% 
6360 FOR J% = 1 TO 3 
6370 X ( J % ,  I%, 2) = X(J%, I%, 1): Y ( J % ,  I%, 2 )  = Y ( J % ,  I%, 1) 
6380 NEXT 5% 
6390 FOR J% = 4 TO V% 
6400 X(J%, I%, 2) = X ( J % ,  I%, 1) 
6410 NEXT J% 
6420 NEXT I% 
6430 GOTO 5320 

6450 WRITE #2, TITLE$ 
6460 WRITE #2, DAT2$, LEFT$(TIM2$, 5), TOTIME 
6470 TIM3$ = TIME$ 
6480 REM TIM2$ was when calculations began, TIM3$ is when calculations 

stopped. 
6490 E$ = I I m  

6500 FOR I% = 1 TO NTOST% 
6510 IF IPROCE% <> 0 THEN 6540 
6520 WRITE # 2 ,  I%, X ( 1 ,  I%, 2), X(2, I%, 2), X(3, I%, 2), y(1,  I%, 2 1 ,  

LPRINT 

6440 ON ERROR GOTO ai40 

Y ( 2 ,  I%, 21, Y(3, I%, 21, X(4, I%, 2 1 ,  X(5, I%, 21, X(6, I%, 21, 
ADEN(I%), AOUT(I%), TPROF(I%, 2 ) ,  EXT2(I%), EXT3(1%), EXTl(I%), 
ODEN(I%) , OOUT(I%), TSAT(I%), CODUM(I%) 

6530 GOTO 6550 
6540 WRITE # 2 ,  I%, X ( 1 ,  I%, 2), X(2, I%, 2 ) ,  X(3, I%, 2), Y ( 1 ,  I%, 2 ) ,  

U(2, I%, 2 ) ,  Y ( 3 ,  I%, 2 ) ,  X(4, I%, 2 1 ,  E$, E$, E$, AOUT(I%), 
TPROF(I%, 2 ) ,  EXT2(1%), EXT3(1%), EXTl(I%), E$, OOUT(I%), TSAT(I%), 
CODUM (1%) 

6550 NEXT I% 
6560 WRITE #2, TIM2$, TIM3$ 
6570 IF LN% c 50 THEN LPRINT : GOT0 6590 
6580 LPRINT CHR$ (12) ; 
6590 IF IPROCE% <> 0 THEN 6620 
6600 LPRINT Valid ranges:": LPRINT 0.0 to 5.0 M H+": LPRINT 'I 

0.0 to 200 gU/L": LPRINT I* 0.0 t o  100 gPu/Lvv: LPRINT 10 t o  
30% TBP": LPRINT 10 to 40";  CHR$(248) ; "C" 

6610 GOTO 6630 
6620 LPRINT "Valid ranges:": LPRINT I' 0.0 to 3.0 M €I+": LPRINT " 

0.0 to 2 0 . 0  gU/L": LPRINT ** 0.0 t o  150 gTh/L": LPRINT I' -30% 
TBPn: LPRINT 15 to 70"; CHRS(248) : nCn 

6630 LPRINT : LPRINT "Run Time is f r o m  I*; TIM2$; t o  1 8 -  , TIM3$ 

6650 LOCATE 3, 1: PRINT SPACES(35); : LOCATE 4, 1: PRINT SPACES(35); 
6660 COLQR 0, 7: LOCATE 3, 1: PRINT 'ISteady-state condition is met ---n* I .  - 
6640 LPRINT c m ~ ( 1 2 ) ;  : IF NBORT~ = o OR NMAXT% = o THEN 6840 

LOCATE 4, 1: PRINT I' P r e s s  any key t o  continue Ir; : COLOR 7, 0 
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6670 K$ = INKEYS: IF K$ = THEN 6670 
6680 GOTO 6840 
6690 LOCATE 3, 1: PRINT SPACES(35); : LOCATE 4, 1: PRINT SPACES(35); 
6700 COLOR 0, 7: LOCATE 3, 1: PRINT s tca lcu la t ions  stopped , : LOCATE 

6710 K$ = INKEYS: IF K$ = THEN 6710 
6720 GOTO 6760 
6730 LOCATE 3, 1: PRINT SPACES(35); : MCATE 4, I: PRINT SPACES(35); 
6740 COLOR 0, 7: LOCATE 3, I: PRINT "Maximum t i m e  reached ----I1; : LOCATE 

6750 K$ = INKEYS: IF K$ = 'In' THEN 6750 
6760 LOCATE 3, 1: PRINT SPACES(35); : LOCATE 4, 1: PRINT SPACES(35); 
6770 COLOR 0, 7: LOCATE 3, 1: INPUT ; "DO you want t o  continue far more 

t i m e  (Y/N)? ' 1 ,  REPLY$: COLOR 7, 0 
6780 IF REPLY$ <> r'Y'l THEN 6440 
6790 IF NMAXT% = 0 THEN TSTOP% = 2 * TSTOP% 
6795 LOCATE 14, 16: PRINT USING " # # # # " :  TSTOP%: 
6800 LOCATE 3, 1: PRINT SPACE$(SO) ; 
6810 COLOR 0, 7: LOCATE 3, 1: PRINT " CALCULATING --- PLEASE WAIT I f ;  

6820 LOCATE 4, 1: PRINT Press any key to q u i t  'I; : COLOR 7, 0 
6830 GOTO 6350 
6840 FOR I% = 1 TO TOME% 
6850 GET #3, I% 
6860 TME% = CVI(Fl$) 
6870 IF TME% <= (TOTIME - lOOO!) THEN 6900 
6880 MB(1) = CVS(F2$): MB(2) = CVS(F3$): MB(3) = CVS(F4S) 
6890 WRITE #2, TME%, MB(l), MB(2), MB(3) 
6900 NEXT I% 
6910 LPRINT CHRS(18) ; : CLOSE #I: CLOSE #2: CLOSE #3: CLS 
6920 KILL DATFIL3$ 
6930 RUN gssephis8i 
6940 END 
6950 REM Subroutine to draw a double box. 

4, 1: PRINT "Press any key to continue"; : COLOR 7, 0 

4, 1: PRINT IlPreSis any key t o  continuel': : COLOR 7, 0 

6960 
6970 
6980 
6990 
7000 
7010 
7020 
7030 

FOR I% = R1% + 1 TO R2% - 1 
LOCATE I%, C1%: PRINT CHR$ 
WCATE I%, C2%: PRINT CHR$ 

NEXT I% 
FOR J% = C1% -b 1 TO (22% - 1 
LOCATE R18, J%: PRINT CHR$ 
LOCATE R2%, J%: PRINT CHR$ 
NEXT J% 

186) ; 
186) : 

205) ; 
2051 ; 

7040 LOCATE R1%, C1%: PRINT CHRS(201); 
7050 LOCATE R1%, C2%: PRINT CHRS(187); 
7060 LOCATE R2%, C1%: PRINT CHRS(200) ; 
7070 LOCATE R2%, C2%: PRINT CHR$(188); 
7080 RETURN 
7090 REM Subroutine t o  draw a s i n g l e  box. 
7100 FOR I% = R1% + 1 TO R2% - 1 
7110 LOCATE I%, C1%: PRINT CHR$(179); 
7120 LOCATE I%, C2%: PRINT CHRs(179); 

7150 LOCATE R1%, J%: PRINT CHRS(196); 
7160 LOCATE R2%, J%: PRINT CHRs(196); 
7170 NEXT J% 

7130 NEXT I% 
7140 FOR J% = C1% + 1 TO C2% - 1 
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7180 LOCATE R1%, C1%: PRINT CHR$(218); 
7190 LOCATE R1%, C2%: PRINT CHRS(191); 
7200 LOCATE R2%, (21%: PRINT CHRS(192); 
7210 LOCATE R2%, C2%: PRINT CHRS(217); 
7220 RETURN 
7230 REM Subroutine to set up volume and flow rate chart .  
7240 LPRINT SPACE$ (15) ; "MIXER VOLUME BY PHASE"; SPACE$ (6) ; "SETTLER 

7250 LPRINT SPACE$ (9) ; "MIXER FLOW RATE"; SPACE$ (10) ; 'IINTERSTAGE FLOW 
VOLUME BY PHASE" : 

RATE" 
7260 LPRINT SPACE$(5); "STAGE ......................... -------------- ----------- ......................... -------------r-,-,,,-----ll 

7270 LPRINT SPACE$ (6) : "NO. AQUEOUS ORGANIC AQUEOUS 
ORGANIC AQUEOUS ORGANIC AQUEOUS ORGAN IC " 

7280 LPRINT SPACE$ (5) ; II----- ----------- ----------- ----------- ----------- --_-------- -------I--- ----------- -----------*I 

7290 LN% = LN% + 4 
7300 RETURN 
7310 REM Subroutine t o  set up chart for  Purex feed & product stream data. 
7320 LPRINT SPACES(16); "STAGE NITRIC ACID URANIUM PU (IV) 

PU (111) REDUCTANT NITRATE ION FLOW RATE TEMP" 
7330 LPRINT SPACE$ (17) ; "NO. (MI (WL) ( W L )  

( 9/ L) (MI (MI (L/rnin) (C) I' 7340 LPRINT SPACE$(16); II-,,,, ----------P ----------- ----------- 
__---- 11 ----------- ----------- ----------- ----------- 

7350 LN% = LN% + 3 
7360 RETURN 
7370 REM Subroutine t o  set up chart for Thorex feed & product stream data. 
7380 LPRINT SPACE$ (16) ; "STAGE NITRIC ACID URANIUM THORIUM 

7390 LPRINT SPACE$ (17) ; "NO. 
NITRATE ION FLOW RATE TEMP" 

( M I  (4/L) (9/L) 
(MI (L/min) (C) I' 7400 LPRINT SPACE$(16); II-,,-- ----------- ---c------- --------I-- - - - - - - 11 ----------- ----------- 

7410 LN% = LN% + 3 
7420 RETURN 
7430 REM Subroutine t o  set up Purex aqueous p r o f i l e  chart .  
7440 LPRINT SPACES(16); IlSTAGE NITRIC ACID URANIUM PU (IV) 

7450 LPRINT SPACE$ (17) ; "NO. (MI (g/L) (4/L) 
(g/L) (MI (MI (C) 

PU (111) REDUCTANT NITRATE ION TEMP" 

7460 LPRINT SpACE$(16); 11--,,, ----------- ----------- ----------- ----------- ----------- ----------- ,-----I( 

7470 LN% = LN% + 3 
7480 RETURN 
7490 R E M  Subroutine t o  set up Thorex aqueous p r o f i l e  char t .  
7500 LPRINT SPACES(16); "STAGE NITRIC ACID URANIUM THORIUM 

7510 LPRINT SPACE$ (17) : "NO. 
NITRATE ION TEMP" 

(MI (4/L) ( W L )  
(MI (C) 7520 LPRINT SPACE$(16); 11---,, ----------- ----------- ------c---- -- - - - I1 ----------- 

7530 LN% = LN% + 3 
7540 RETURN 
7550 REM Subroutine to set up mrex organic p r o f i l e  char t .  
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7560 LPRINT SPACES(16); "STAGE NITRIC ACID URANIUM PW (IV) " 
7570 LPRINT SPACE$ (17) ': "NO. (MI (g/L) (g/L) " 
7580 LPRINT SPACE$ (16) ; #I-.---- ----------- ----------- ---...--.-----If 

7590 LN% = LN% + 3 
7600 RETURN 
7610 REM Subroutine to set up Thorex organic profile chart. 
7620 LPRINT SPACES(16); "STAGE NITRIC ACID URANIUM THORIUM" 
7630 LPRINT SPACES(17) ': "NO. (MI ( W L )  (g/L) I' 7640 LPRINT SPACES(16); I l - - - - -  ----------- ----------- ---.......---.---I@ 

7650 LN% = LN% + 3 
7660 RETURN 
7670 R E M  Subroutine to set up status screen. 
7680 CLS : LOCATE 1, 1: PRINT "SEPHIS MOD4 Ver. 2.11" : 
7690 COLOR 0, 7: LOCATE 1, 30: PRINT ' I ***  STATUS SCREEN * * * ' I ;  

7700 LOCATE 3, 1: PRINT II CALCULATING --- PLEASE WAIT # I :  

7710 LOCATE 4, 1: PRINT "Press any key to quit prematurelyn'; : COLOR 7, 0 
7720 LOCATE 3, 59: PRINT "TIME STAGE"; 
7730 LOCATE 4, 58: PRINT It(min.) NO."; 
7740 LOCATE 5, 58: PRINT 'I------ -----"; 
7750 LOCATE 8, 50: PRINT "INVENTORY C W G E  (%/min. ) :"; 
7751 LOCATE 9, 52: PRINT "Max.:"; 
7752 LOCATE 9, 68: PRINT 11>Stage:88; 
7753 LOCATE 10, 52: PRINT 8tTol.:'t': 
7754 LOCATE 10, 68: PRINT 8t>Comp.:11; 
7760 LOCATE 12, 50 : PRINT 'IOVERALL MATERIAL BALANCE ( % )  : I' ': 
7770 LOCATE 13, 54: PRINT "Nitric Acid:"': 
7780 LOCATE 14, 54: PRINT Wranium:"; 
7790 IF IPROCE% = 0 THEN LOCATE 15, 54: PRINT 8'Plutonium:18; 
7800 IF IPROCE% = I THEN MCATE 15, 54: PRINT v1Thorium:a8; 
7801 FOR I% = 57 TO 71 
7802 LOCATE 2, 1%: PRINT CHRS(196); 
7803 NEXT I% 
7804 FOR I% = 50 TO 78 
7805 LOCATE 7, 1%: PRINT CHRS(196); 
7806 LOCATE 11, 1%: PRINT CHRS(196); 
7807 MCATE 16, 1%: PRINT CHRS(196) ; 

7809 FOR I% = 3 TO 6 
7810 LOCATE I%, 56: PRINT CHRS(179); 
7811 LOCATE I%, 72: PRINT CHRS(179); 
7812 NEXT I% 
7813 FOR I% = 8 TO 15 
7814 LOCATE I%, 49: PRINT CHRS(179); 
7815 LOCATE I%, 79: PRINT CHRS(179); 
7816 NEXT I% 
7817 LOCATE 2, 56: PRINT CHRS(218): 
7818 LOCATE 2, 72: PRINT CHRS(191) ; 
7819 LOCATE 7, 49: PRINT CHRS(218); 
7820 LOCATE 7, 56: PRINT CHRS(193); 
7821 LOCATE 7, 72: PRINT CHRs(193); 
7822 LOCATE 7, 79: PRINT CHRS(191); 
7823 LOCATE 11, 49: PRINT CHRS(195); 
7824 LOCATE 11, 79: PRINT CHR$(180); 
7825 MCATE 16, 49: PRINT CHRS(192); 
7826 LOCATE 16, 79: PRINT CHRS(217); 

7808 NEXT I% 
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7827 FOR I% = 3 TO 78 
7828 LOCATE 22, 1%: PRINT CHRS(196); 
7830 NEXT I% 
7840 FOR I% = 2 TO 29 STEP 3 
7850 LOCATE 22, 1%: PRINT CHRS(197) : 
7860 NEXT I% 
7870 FOR I% = 34 TO 79 STEP 5 
7880 LOCATE 22, 1%: PRINT CHRS(197); 
7890 NEXT I% 
7900 LOCATE 23, 1: PRINT "90 91 92 93 94 95 96 97 98 99"; 
7910 LOCATE 23, 32: PRINT "99.1 99.2 99.3 99.4 99.5 99.6 99.7 99.8 99.9 

7920 LOCATE 24, 27: PRINT llOverall Material Balance ( % ) ' I ;  

7930 ]LOCATE 18, 1: PRINT WRANIUM:~9: 
7940 IF IPROCE% = 0 THEN LOCATE 20, 1: PRINT "PLUTONIUM:"; 
7950 IF IPROCE% = 1 THEN LOCATE 2 0 ,  1: PRINT "THORIUM:"; 
7960 LOCATE 16, 1: PRINT "NITRIC ACID:"; 
7970 RETURN 
7980 REM Error trapping routine. 
7990 IF ERR = 6 4  THEN LOCATE 25, 1: PRINT "Bad f i l e  name"; : GOTO 8030 
8000 IF ERR = 71 THEN LOCATE 25, 1: PRINT "Disk not ready"; : GOTO 8030 
8010 IF ERR = 53 THEN LOCATE 25, 1: PRINT " F i l e  not found"; : GOTO 8030 
8020 ON ERROR GOTO 0 
8030 PRINT - Press any key to continue"; 
8040 R$ = INKEY$: IF K$ = ''Rt THEN 8040 
8050 LOCATE 2 5 ,  1: PRINT SPACES(79) ; 
8060 RESUME 330 
8070 REM Error trapping routine. 
8080 IF ERR = 24 THEN LOCATE 25, 1: PRINT "Your printer is  not ready"; : 

GOTO 8100 
8090 ON ERROR GOTO 0 
8100 PRINT It - Check it and press any key"; 
8110 K$ = INKEYS: IF K$ = II1) THEN 8110 
8120 LOCATE 2 5 ,  1: PRINT SPACES(79); 
8130 RESUME 
8140 REM Error trapping routine. 
8150 IF ERR = 61 THEN LOCATE 25, 1: PRINT "Disk f u l l " ;  : GOTO 8170 
8160 ON ERROR GOTO 0 
8170 PRINT - You will have to re-run this problem - Press any 
8180 K$ = INKEYS: IF K$ = (I" THEN 8180 
8190 LOCATE 25, 1: PRINT SPACES(79); 
8200 RESUME 6910 

100" ; 

C.3 STARTS Routine 

Statements Description 

1250-1540 The STARTS routine contains general inpL 
the system hydraulics. The indicator EQCh 
at 0 denoting t h a t  the phases at the initial 
be equilibrated. The index TCONC% is set at - 
molar concentrations will be passed to conversiL 
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Statements Description 

provide the appropriate solute-free units. Feed stream flow 
rates and concentrations are read from the Problem Definition 
file. The flow rate of any extra product stream (in addition 
to the normal product streams from the ends of the cascade) are 
also read. The statement "Feed and product streams are 
identified." is placed on the screen. 

1550-1800 The initial concentration and temperature profiles are read 
from the Problem Definition file, if supplied. The statement 
"Initial concentration profile is established." is placed on 
the screen. If the profile was from a previous problem result, 
the index EQCKDG% is set to 1 denoting that the phases are in 
equilibrium. 

1810-1820 The CONVPUl or the CONVTHl routine is called to convert feed 
stream molar units to solute-free units. These routines also 
send feed stream data to the printer. Control then transfers 
to statement 2700. 

2700-2920 Data for any extra product streams are sent to the printer. 
Note that actual product stream flow rates will be computed 
considering solute content and temperature. The flow rate data 
supplied from the Problem Definition file need only be 
approximate. The approximate values are printed here. 

2930-3070 Flow rates are established for the cascade and the statement 
"Cascade flows are established.11 is placed on the screen. The 
flows are adjusted such that a hydraulic balance is achieved 
(i.e., no more fluid can leave a stage than enters). .WET and 
ONET values are the phase flow rates between stages; AT and OT 
values are the maximum phase flow rates within a stage. 

C.4  Listing o f  the START6 Xoutine 

1250 REM The STARTS routine - General input functions, sets s- 

1260 LPRINT : LPRINT #'FEED AND PRODUCT STREAM DATA:" 
1270 LN% = 23 
1280 EQCKDG% = 0: TCONC% = -1 
1290 INPUT #1, NSTI, JHAS%, FDRT 
1300 IF JHAS% = 0 THEN V% = 3 ELSE IF IPROCE% = 0 
1310 FOR I% = 1 TO V% 
1320 INPUT #l, CON(I%) 
1330 NEXT I% 
1340 INPUT #1, TEMP, INDEX% 
1350 IF JHAS% = 1 THEN 1420 
1360 OFDRT(NST%) = FDRT 
1370 IF ABS(TEMP) > .001 THEN OFDTEM(NST%) = TEMP 
1380 FOR I% = 1 TO 3 

hydraulics. 
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1390  YFD(I%, NST%) = CON(I%) 
1400  NEXT I% 
1410 GOT0 1480  
1420  AFDRT(NST%) = FDRT 
1430 IF ABS(TEMP) > - 0 0 1  THEN AFDTEM(NST%) = TEMP 
1440 FOR I% = 1 TO V% 
1450 XFD(I%, NST%) = CON(I%) 
1460 NEXT I% 
1 4 7 0  IF CON(5) > .000001 THEN ISOL5t = 1 
1480 IF INDEX% I= 1 THEN 1290 
1490 IF NEWOUT% = 0 THEN 1540 
1500 INPUT #1, NST%, JHAS%, OTRT, INDEX% 
1510 IF JHAS% = 1 THEN ALVRT(NST%) = OTRT 
1520  IF J W S %  = 0 THEN OLVRT(NST%) = OTRT 
1530 IF INDEX% = 1 THEN 1500 
1540 LOCATE 7 ,  1: PRINT "Feed and product streams are identified 
1550  IF IPROCE% = 0 THEN V% = 6 ELSE V% = 4 
1560 IF IPRO% = 0 THEN 1800 
1570 IF IPRO% = 2 THEN EQCKDG% = 1 
1580 FOR I% = 1 TO NTOST% 
1590  
1600 
1610  
1620 
1630  
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 

FOR J% = 1 TO V% 

NEXT J% 
INPUT #1, TPROF(I%, 2 )  
IF ABS(TPROF(I%, 2 ) )  < . 0 0 1  THEN TPROF(I%, 2 )  = TEMP 
TPROF(I%, 1) = TPROF(I%, 2 )  
FOR J% = 1 TO 6 

NEXT J% 
IF X ( 5 ,  I%, 2 )  > .000001 THEN ISOL5% = 1 
FOR J% = 1 TO 3 

INPUT #1, X(J%, I%, 2 )  

RXNTRM(J%, 1%) = O! 

FOR K% = 1 TO 2 

NEXT K% 
ATS(I%, J%, K%) = TPROF(I%, 1): OTS(I%, J%, K % )  = TPROF(I%, 1) 

NEXT J% 
1740 NEXT I% 
1750 FOR I% = 1 TO NTOST% 
1760 FOR J% = 1 TO 3 
1770  INPUT #1, Y ( J % ,  I%, 2 )  
1780 NEXT J% 
1790  NEXT I% 
1800 LOCATE 8 ,  1: PRINT "Initial concentration profile is established."; 
1810 IF IPROCE% = 0 THEN 1830 'CONVPU1 routine 
1820 IF IPROCE% = 1 THEN 2270 'CONVTH1 routine 

2700 IF NEWOUT% = 0 THEN 2930 
2710 FOR I% = 1 TO NTOSTB. 
2720 IF ABS(ALVRT(I%)) < .000001 THEN 2820 
2730 LPRINT SPACE$ (8 )  ; "AQUEOUS I1 ; 
2740 LPRINT USING " # # # " ;  1%; 
2750 LPRINT Product stream removed (actual flow rate to be 

2760 LPRINT SPACES(22); : LPRINT USING PQS: ALVRT(I%) 
2770 W% = W8 + 1 
2780 IF LN% < 55 THEN 2820 

computed) : 
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2790 
2800 

2810 

2820 
2830 
2840 
2850 

2860 
2870 
2880 
2890 
2900 

2910 

2920 
2930 
2940 
2950 
2960 

2970 
2980 

2990 

3000 
3010 

3020 
3030 

3040 

3050 
3060 
3070 

LPRINT CHR$ (12) ; : LN% = 0 
IF IPROCE% = 0 THEN GOSUB 7310 'To set up Purex feed and product 
chart 
IF IPROCE% = 1 THEN GOSUB 7370 'To set up Thorex feed and product 
chart 
IF ABS(OLVRT(I%)) < .000001 THEN 2920 
LPRINT SPACE$ (8) : llORGANIC": 
LPRINT USING 8 1 # # # 1 1 ;  1%; 
LPRINT 'I Product stream removed (actual flow rate to be 
computed) ; 
LPRINT SPACES(22); : LPRINT USING PQ$; OLVRT(I%) 
LN% = LN% + 1 
IF LN% C 55 THEN 2920 
LPRINT CHR$(12) : : LN% = 0 
IF IPROCE% = 0 THEN GOSUB 7310 'To set up Purex feed and product 
chart 
IF IPROCE% = 1 THEN GOSUB 7370 'To set up Thorex feed and product 
chart 
NEXT I% 
IF ALVRT(1) > AFDRT(1) THEN ALmT(1) = AFDRT(1) 
ANET(1) zz AFDRT(1) - ALVRT(1): AT(1) = AFDRT(1) 
IF OLVRT(NTOST%) > OFDRT(NTOST%) THEN OLVRT(NTOST%) = OFDRT(NTOST%) 
ONET(NTOST%) = OFDRT(NTOST%) - OLVRT(NTOST%): OT(NTOST%) = 
OFDRT (NTOST% ) 
FOR I% = 2 TO NTOST% 
IF ALVRT(I%) >== (ANET(I% - 1) + AFDRT(I%)) THEN ALVRT(I%) = ANET(I% - 
1) + AFDRT(I%) 
ANET(I%) = ANET(I% - 1) + AFDRT(I%) - ALVRT(I%): AT(I%) = ANET(I%) f 
ALVRT (1%) 
NST% = NTOST% + 1 - I% 
IF OLVRT(NST%) >= (ONET(NST% + 1) + OFDRT(NST%)) THEN OLVRT(NST%) = 
ONET(NST% + 1) + OFDRT(NST%) 
ONET(NST%) = ONET(NST% f 1) + OFDRT(NST%) - OLVRT(NST%) 
IF NSTR% = 1 AND NST% = (ISTR% - 1) THEN ONET(NST%) = OFDRT(NST%) - 
OLVRT (NST%) 
IF NSTR8 = 1 AND NST% = JSTR% THEN ONET(NST%) = ONET(ISTR%) 3. 
OFDRT(NST%) - OLVRT(NST%) + ONET(NST% + 1) 
OT(NST%) = ONET(NST%) + OLVRT(NST%) 
NEXT I% 
LOCATE 9, 1: PRINT Itcascade flows are established."; 

C.5  Unit Conversion Routines (CONvPUl, CONVPUZ, COMPU3,  CONVTHI, CONVTHZ, 
and CONVT83) 

Statements Description 

CONVPU 1 : 
1830-2260 Feed stream flow, temperature, and concentration data are sent 

to the printer. Concentratians are then converted to molarity 
and the MOLALP Subprogram is called to obtain the conversion 
factors CONVA and C O W Q  that are used to convert concentrations 
to solute-free units. 
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Statements Description 
~~ ~ ~ ~ ~ _ _ _ _ ~ ~  ~ 

GONVTH1: 
2270-2690 Feed stream flow, temperature, and concentration data are sent 

Concentrations are then converted to molarity to the printer. 
and the MOLALT Subprogram is called to obtain the conversion 
factors CONVA and C O W 0  that are used to convert concentrations 
to solute-free units. 

coNVw2 : 
3140-3420 Initial aqueous concentration profile data (and stage 

temperatures) are sent to the printer. Concentrations are then 
converted to molarity and the MOLALP Subprogram is called to 
obtain the conversion factors CONVA that are used to convert 
concentrations to solute-free units. 

CONVTHZ : 
3430-3690 Initial aqueous concentration profile data (and stage 

temperatures) are sent to the printer. Concentrations are then 
converted to molarity and the MOLALT Subprogram is called to 
obtain the conversion factors CONVA that are used to convert 
concentrations to solute-free units. 

CONVPU3 : 
3750-3990 Initial organic concentration profile data are sent to the 

printer. Concentrations are then converted to molarity and the 
MOLALP Subprogram is called to obtain the conversion factors 
C O W 0  that are used to convert concentrations to solute-free 
units. 

CONVTHJ : 
4000-4230 Initial organic concentration profile data are sent to the 

printer. Concentrations are then converted to molarity and the 
MOLALT Subprogram is called to obtain the conversion factors 
C O W 0  that are used to convert concentrations to solute-free 
units. 

Note: For details of the MOLALP and MOLALT Subprograms, see Sect. D.5. 

C.6 Listing of Unit Conversion Factor Routines (CONWPU1, CONVPUZ, CONVPU3, 
CONVTHl, COKVTE2, and CONpT83) 

1830 REM CONVPUl routine - Converts feed stream data (molar/molal). 
1840 GOSUB 7310 'To set up Purex feed and product chart 
1850 FOR I% = 1 TO NTOST% 
1860 IF ABS(AFDRT(I%) + OFDRT(X%)) < .000001 THEN 2250 
1870 IF ABS(AFDRT(I%)) < .000001 THEN 1970 
1880 LPRINT SPACES (8) ; "AQUEOUS a* : 
1890 LPRINT USING ll###ll; 1%; 
1900 FOR J% = 1 TO 6 
1910 LPRINT USING PQ$; XFD(J%, 1%); 
1920 NEXT J% 
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1930 LPRINT USING PQ$; AFDRT(I%); 
1940 LPRINT USING R$; AFDTEM(I%) 
1950 LN% = LN% + 1: TEMP = AFDTEM(I%) 
1960 IF LN% >= 55 THEN LPRINT CHRS(12); : LN% = 0: GOSUB 7310 
1970 IF ABS(OFDRT(I%)) < .000001 THEN 2080 
1980 LPRINT SPACES(4) : : LPRINT USING P$; CTBP * loo! ; : LPRINT % TBP I O ;  

1990 LPRINT USING * * # # # " ;  1%; 
2000 FOR J% = 1 TO 3 
2010 LPRINT USING PQS; YFD(J%, 1%): 
2020 NEXT J% 
2030 LPRINT SPACES(42); 
2040 LPRINT USING PQ$; OFDRT(I%); 
2050 LPRINT USING R$; OFDTEM(I%) 
2060 LN% = LN% + 1: TEMP = OFDTEM(I%) 
2070 IF LN% >= 55 THEN LPRINT CHRS(12): : LN% = 0: GOSUB 7310 
2080 XFD(2, 1%) = XFD(2, 1%) / 238!: YFD(2, 1%) = YFD(2, 1%) / 238! 
2090 XFD(3, 1%) = XFD(3, 1%) / 239!: YFD(3, 1%) = YFD(3, 1%) / 2391 
2100 XFD(4, 1%) = XFD(4, 1%) / 239! 
2110 FOR J% = 1 TO 6 
2120 AQ(J%) = XFB(J%, 1%) 
2130 NEXT J% 
2140 FOR J% = 1 TO 3 
2150 ORG(J%) = YFD(J%, I%) 
2160 NEXT J% 
2170 CALL MOLALP 'The MOLALP Subprogram is called here. 
2180 AFDRT(I%) = AFDRT(I%) / CONVA: OFDRT(I%) = OFDRT(I%) / C O W 0  
2190 FOR J% = 1 TO 3 
2200 YFD(J%, 1%) = YFD(J%, 1%) * C O W 0  
2210 NEXT J% 
2220 FOR J% = 1 TO V% 
2230 XFD(J%, 1%) = XFD(J%, 1%) * CONVA 
2240 NEXT J% 
2250 NEXT I% 
2260 GOTO 2700 

2270 REM CONVTHl routine - Converts feed stream data (molar/molal). 
2280 GOSUB 7370 'To set up Thorex feed and product chart 
2290 FOR I% = 1 TO NTOST% 
2300 IF ABS(AFDRT(I%) + OFDRT(I%)) < .000001 THEN 2690 
2310 IF ABS(AFDRT(I%)) < .000001 THEN 2420 
2320 LPRINT SPACE$ ( 8  ) ; "AQUEOUS I' : 
2330 LPRINT USING 1 1 # # # ' 8 ;  1%; 
2340 FOR J% = 1 TO 4 
2350 LPRINT USING PQ$; XFD(J%, 1%): 
2360 NEXT J% 
2370 LPRINT SPACES(28): 
2380 LPRINT USING PQ$; AFDRT(I%); 
2390 LPRINT USING R$; AFDTEM(I%) 
2400 LN% = LN% + 1: TEMP = AFDTEM(I%) 
2410 IF LN% >= 55 THEN LPRINT CHRS(12); : LN% = 0: GOSUB 7370 
2420 IF ABS(OFDRT(I%)) < .000001 THEN 2530 
2430 LPRINT SPACES(4); : LPRINT USING P$; CTBP * loo!; : LPRINT Qd % TBP 
2440 LPRINT USING * l # # # * " ;  1%; 
2450 FOR J% = 1 TO 3 
2460 LPRINT USING PQ$; YFD(J%, 1%); 
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2470 
2480 
2490 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 

NEXT J% 
LPRINT SPACE$ (42) : 
LPRINT USING PQ$; OFDRT(I%); 
LPRINT USING R$: OFDTEM(I%) 
LN% = LN% + 1: TEMP = OFDTF,M(I%) 
IF LN% >= 55 THEN LPRINT CHR$(12): : LN% = 0: GOSUB 7370 
XFD(2, 1%) = XFD(2, 1%) / 238!: YFD(2, 1%) = YFD(2, 1%) / 238! 
XFD(3, 1%) = XFD(3, 1%) / 232!: YFD(3, 1%) = YFD(3, 1%) / 232! 
FOR J% = 1 TO 4 

NEXT J% 
FOR S %  = 1 TO 3 

NEXT J% 
CALL MOLALT 'The MOLALT Subprogram is c a l l e d  here.  
AFDRT(I%) = AFDRT(I%) / CONVA: OFDRT(I%) = OFDRT(I%) / C O W 0  
FOR J% = 1 TO 3 

NEXT J% 
FOR J% = 1 TO V% 

NEXT J% 

AQ(J%) = XFD(J%, 1%) 

ORG(J%) = YFD(J%, 1%) 

YFD(J%, 1%) = YFD(J%, 1%) * C O W 0  

XFD(J%, 1%) = XFD(J%, 1%) * CONVA 
2690 NEXT I% 

3 160 
3170 
3180 
3190 
3200 
3210 
3220 
3230 
3240 
3250 
3260 
3270 
3280 
3290 
3300 
3310 
3320 
3330 
3340 
3350 
3360 
3370 
3380 
3390 
3400 
3410 
3420 

3140 REM CONVPU2 routine - Converts aqueous i n i t i a l  p r o f i l e  (molar/molal). 
3150 GOSUB 7430 'To set up Purex aqueous p r o f i l e  chart 

FOR I% = 1 TO NTOST% 
IF LN% >= 55 THEN LPRINT CHRS(12); : LN% = 0: GOSUB 7430 
LPRINT SPACES(16) : : LPRINT USING 'q###sl: 1%; 
FOR J% = 1 TO 6 

NEXT J% 
LPRINT SPACES(14); : LPRINT USING RS; TPROF(I%, 2) 
LN% = LN% + 1 
X(2, I%, 2) = X ( 2 ,  I%, 2) / 238! 
X(3, I%, 2) = X(3, I%, 2) / 239! 
X(4, I%, 2) = X ( 4 ,  I%, 2) / 239! 
FOR J% = 1 TO V% 

NEXT J% 
TEMP = TPROF(I%, 2) 
CALL MOLALP 'The MOLALP Subprogram is called here.  
FOR J% = 1 TO V% 
AQ(J%) = AQ(J&) * CONVA 
FOR K% = 1 TO 2 
X(J%, I&, K%) = AQ(J%) 
FOR L% = 1 TO 3 

NEXT L% 

LPRINT USING PQ$; X(J%, I%, 2) ; 

AQ(J%) = X(J%, I%, 2) 

XS(I%, L%, J%, K%) = AQ(J%) 

NEXT K% 
NEXT J% 

NEXT I% 
GOT0 3700 

3430 REM CONVTHZ routine - Converts aqueous i n i t i a l  p r o f i l e  (molar/molal). 
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3440 GOSUB 7490 'To set  up Thorex aqueous p r o f i l e  c h a r t  
3450 FOR I% = 1 TO NTOST% 
3460 IF LN% >= 5 5  THEN LPRINT CHRS(12); : LN% -- 0: GOSUB 7490 
3470 LPRINT SPACES(16) ; : LPRINT USING 1%; 
3480 FOR J% = 1 TO 4 
3490 LPRINT USING PQ$; X(J%, I%, 2 ) ;  
3500 NEXT J% 
3510 LPRINT SPACES(42); : LPRINT USING R$; TPROF(I%, 2) 
3520 LN% = LN% + 1 
3530 X ( 2 ,  I%, 2 )  = X(2,  I%, 2 )  / 238! 
3540 X(3 ,  I%, 2 )  = X ( 3 ,  I%, 2 )  / 232! 
3550 FOR J% = 1 TO V% 
3560 AQ(J%) = X(J%, I%, 2 )  
3570 NEXT J% 
3580 TEMP = TPROF(I%, 2 )  
3590 CALL MOLALT 'The MOLALT Subprogram is called here.  
3600 FOR J% = 1 TO V% 
3610 AQ(J%) = AQ(J%) * CONVA 
3620 FOR K% = 1 TO 2 
3630 X(J%, I%, K % )  = AQ(J%) 
3640 FOR L% = 1 TO 3 
3650 XS(I%, L%,  J%, K % )  = AQ(J%) 
3660 NEXT L% 
3670 NEXT K% 
3680 NEXT J% 
3690 NEXT I% 

3750 REM CONVPU3 rout ine  - Converts organic i n i t i a l  p r o f i l e  (molar/molal). 
3760 GOSUB 7550 'To set up Purex organic p r o f i l e  c h a r t  
3770 FOR I% = 1 TO NTOST% 
3780 IF LN% >= 55 THEN LPRINT CHRS(12); : LN% = 0: GOSUB 7550 
3790 LPRINT SPACES(16); : LPRINT USING " d b b l ' ;  1%; 
3800 LPRINT USING PQS: Y ( 1 ,  I%, 2 ) ;  Y ( 2 ,  I%, 2 ) :  Y ( 3 ,  I%, 2) 
3810 LN% = LN% + 1 
3820 Y(2,  I%, 2 )  = Y(2,  I%,  2 )  / 238! 
3830 Y(3,  I%, 2 )  = Y(3,  I%, 2 )  / 239! 
3840 FOR J% = 1 TO 3 
3850 ORG(J%) = Y(J%, I%, 2 )  
3860 NEXT J% 
3870 TEMP = TPROF(I%, 2) 

MOLALP Subprogram i s  called here. 3880 CALL MOLALP 'The 
3890 FOR J% = 1 TO 3 
3900 ORG(J%) = QRG(J% 
3910 FOR K% = 1 TO 2 
3920 Y(J%, I%, K % )  = 
3930 FOR L% = 1 TO 3 
3940 YS(I%, L%, J%, 
3950 NEXT L% 
3960 NEXT K% 
3970 NEXT J% 
3980 NEXT I% 
3990 GOT0 4240 

* C O W 0  

ORG(J%) 

X%) = QRG(J0) 

4000 REM CONVTH3 rout ine  - Converts organic  i n i t i a l  p r o f i l e  (molar/molal). 
4010 GOSUB 7610 'To set up Thorex organic  p r o f i l e  c h a r t  



4020 
4030 
4040 
4050 
4060 
4070 
4080 
4090 
4 100 
4110  
4120 
4130 
4140 
4150 
4160 
4 170 
4180 
4190 
4200 
4210 
4220 
4230 
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FOR I% = 1 TO NTOST% 
IF LN% >= 55 THEN LPRINT CHR$(12); : LN% = 0: GOSUB 7610 
LPRINT SPACES(16); : LPRINT USING 8 1 # # # ' 1 ;  1%; 
LPRINT USING PQS; Y ( l ,  I%, 2); Y ( 2 ,  I%, 2 ) ;  Y ( 3 ,  I%, 2 )  
LN% = LN% + 1 
Y ( 2 ,  I%, 2 )  = Y ( 2 ,  I%, 2 )  / 238! 
Y ( 3 ,  I%, 2 )  = Y(3, I%, 2 )  / 232! 
FOR J% = 1 TO 3 

NEXT J% 
TEMP = TPROF(I%, 2 )  
CALL MOLALT 'The MOLALT Subprogram is called here. 
FOR J% = 1 TO 3 

ORG(J%) = Y(J%, I%, 2 )  

ORG(J%) = ORG(J%) * C O W 0  
FOR K% = 1 TO 2 

Y ( J % ,  I%, K%) = ORG(J%) 
FOR L% = 1 TO 3 

NEXT L% 
Y S ( I % ,  L%, J % ,  K % )  = ORG(J%) 

NEXT K% 
NEXT J% 

NEXT I% 





APPENDIX D 
SECALl.BAS---THE SECONDARY MODULE 

The Secondary Module of the calculational program (SECAL1.BAS) includes 9 
Subprograms (UCORW, UCORTH, STAGES, PRTPU, PRTTH, MOLBLP, MOLALT, MCHEMP, 
and SCHEMP). The main program is described in Sect. D . l  and listed in 
Sect. D.2. The various Subprograms are described and listed as follows: 

Subprogram ( s )  Description Listing 
Section Section 

UCOR D. 3 D. 4 
STAGES D. 5 D. 6 
PRT D.7 D. 8 
MOLAL D.9 D. 10 

MCHEMP, SCHEMP D. 11 D. 12 

D. 1 Main Program (SECAL1) 

Statements Description 

10- 70 Data statements are provided here that contain the correlating 
coefficients used in calculating distribution coefficients for 
the Thorex process. The data are read by statements in the 
UCORTH Subprogram (Sect. D.3). 

D.2 L i s t i n g  of Program SECAL1 (The Secondary Module) 

DECLARE SUB MOLALP ( )  
DECLARE SUB MOLALT ( )  
DECLARE SUB UCORW ( )  
DECLARE SUB UCORTH ( )  
DECLARE SUB HCHEMP (J%, AQVOL! , ORVOL!) 
DECLARE SUB SCHEMP (J%, AQSVOL! , ORSVOL!) 
10 REM PROGRAM SECALl -- Solvent Extraction Process Having Interacting 
20 REM This module Contains Subprograms MOLALP, STAGES, UCORPU, MCHEMP, 

30 REM $DYNAMIC 
4 0  REM $INCLUDE: 'A:SECOM.BI' 

Solutes -- Problem Calculations -- SECONDARY MODULE 
SCHEMP, PRTPU, MOULT, PRTTH, and UCORTH. 

131 
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50 DATA 5.16764, 12.7385, -6.10939, 0.825665, 0.895314, -0.258242, 

60 DATA 4.98513, 13.7875, -7.02178, 0.883583, 1.52821, -0.527579, 

70 DATA 2.55963, -7.66961, 2.03295, 1.58978, 1.31060, -0.475194, 0.0370571, 

0.0628435, o.ooi45494, 0.480975, -0.222463, 0.0320684, -0.000857a49 

0.0324897, 0.00416738, 0.538601, -0.207956, 0.0304384, -0.00118149 

0.00577316, 0.398105, -0.158715, 0.0312364, -0.00164366 

D.3 UCOR Subprograms (UCORPPJ and UCORTB) 

Statements Description 

UCORPU : 
3120-3230 This Subprogram provides distribution coefficients for the 

Purex process. Refer to Sect. 2.3.1 f o r  a description of the 
distribution coefficient correlation. The total nitrate 
concentration (TNM) is calculated from aqueous phase 
concentrations passed to the Subprogram. 

TNN = ?iAM f 2 UAM -+ 2 PUAM + SNITR f 2 PUIII (D. 1) 

where HAM = nitric acid concentration, 
= uranium concentration, 

PuAM = plutonium (IV) concentration, 
PUIII = plutonium (111) concentration, and 
SNITR = non-extractable nitrate salt concentration. 

This relationship, although not rigorously correct according to 
generally recognized chemical reaction mechanisms, permits a 
better correlation of experimental distribution data. 

3240 The term DRT is calculated as: 

DRT = 1000 / T - 3.3539 
where T = absolute temperature, 'K. 

This value of DRT will be used when adjusting the distribution 
coefficient to a temperature other than 25'C. 

3250-3280 Empirical equilibrium constants are calculated for W, Pu, and 
HN03 as: 

1 UK = 3.7 TNM1-57 f 1.4 TNM3"' + 0.11 TNM7"3 

[4 CTBP-0'17 - (1.13) 

PUK = 0.135 f 0.122113 (CTBP / 0.3)0-746 - 3.91 
31 

II 
[ 

f 0.01 TNM'] (UK) 

HK1 = 0.135 TNMo.82 + 0.0052 TNM3'44 
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Statements Description 

where CTBP = volume fraction of TBP in the solvent, 
UK = empirical uranium equilibrium constant, 
PUK = empirical plutonium equilibrium constant, and 
HK1 = empirical nitric acid equilibrium constant. 

For CTBP < 1, the term HK1 is multiplied by the factor - - 
11 - 0.54 e-15 CTBP 1 .  
These relationships have evolved from fitting experimental 
distribution data reported by many sources. 

3290-3330 The equilibrium constants are further adjusted for temperatures 
other than 25°C as follows: 

HKlT = HK1 eo*34 DRT 

HK2 = HK1 (D.9) 

3340-3380 The distribution coefficients are a function of the free 
(uncomplexed) TBP that is calculated from equilibrium constants 
and aqueous phase concentrations. The solution to a quadratic 
equation is required; this is done using the following 
expressions to obtain the free TBP (TF): 

A = 2 [ (UK) (UAM) -+ (PUK) (PUAM) + ( H K Z )  (HAM) 

B = ( H K 1 )  (HAM) + 1 

T F = T / B  (if A i io-6) (~.12) 

TF = [-I3 + (B2 + 4 A T)Oa5] / (2 A)  (D.13) 

where T = molar concentration of TBP in the solvent. 

(D. 10) 

(D.ll) 
1 

(if A Z 

3390-3400 Finally, the distribution coefficients (DTRY) are calculated. 

For nitric acid: DTRY = (Hfcl) (TF) + (HK2) (TFI2 (D. 14) 

For uranium: DTRY -- (UK) (TF)~ (D. 15) 

For plutonium: DTRY = (PUK) (TF)2 (D. 16) 

UCORTH : 
6780-6910 This Subprogram provides distribution coefficients for the 

Thorex process. Refer to Sect. 2.3.2 for a description of the 
distribution coefficient correlation. Correlating coefficients 
(C) based on experimental data are read from data statements 



Statements Description 

for use in equations of the type: 

K = C1 + C2 U + C3 U2 + C4 U3 

from aqueous phase concentrations passed to the Subprogram. 

u = 3 ARY(2) i- 10 ARY(3) + ARY(1) (D.18) 

where ARY(1) = nitric acid concentration, 
ARY(2) = uranium concentration, and 
ARY(3) = thorium concentration. 

(D.17) 

6920-6930 The total ionic strength of the aqueous phase (U) is calculated 

The total nitrate concentration (NQ3) is also calculated. 

NO3 = 2 ARY(2) + 4 ARY(3) + ARY(1) (D. 19) 

6940-6970 Empirical equilibrium constants for U, Th, and HN03 are 
calculated using equations of the type shown above [Eq. D.171. 

KU = c1 + c2 u + c3 u2 + c4 u3 
KTH = C5 + C6 U + C7 U2 + C8 U3 

(D.20) 

(D.21) 

KH = c9 + CIO u + C I 1  u2 + C12 u3 (D.22) 

where KU = empirical uranium equilibrium constant, 
KTH = empirical thorium equilibrium constant, and 
KH = empirical nitric acid equilibrium constant. 

This is done three times, once f o r  each of the three salutes, 
as somewhat different values of C are used to minimize errors 
f o r  each solute. 

6980-7130 The distribution coefficients are a function of the free 
(uncomplexed) TBP that is calculated from equilibrium constants 
and aqueous phase concentrations. The solution to a cubic 
equation of the form: 

a x3 + b x2 + c x + d = 0 

is required where x is the free TBP content. Here, 

a = (3 KTH) [ARY(~)] ( ~ 0 3 1 ~  (D. 24 

(D.23 

b = (2 KU) [ARY(2)] (N03)2 (D.25) 

c = 1 + (Kn) [ARY(l)] (N03) (D.26) 

d = -T (D. 27) 

where T is the molar concentration of TBP i n  the solvent. The 
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Statements Description 
~~ 

term YY is set equal to the smaller of T or T/C, but not less 
than 0. A finite difference method is used in statements 7010- 
7090 to solve the equation. The free TBP content (TBP) is then 
equal to the value of Y Y .  

7140-7160 The distribution coefficients (DTRY) are calculated. 

For nitric acid: DTRY = (KH) (N03) (TBP) (D.  2 8 )  

For uranium: DTRY = (KU) (N03) (TBP) (D.29) 

For thorium: DTRY = (KTH) (N03)' (TBP)3 (D.30) 

7170-7230 Finally, the DTRY values are adjusted for temperatures other 
than 25'C using the term XTEMP. 

XTEMP = 1000 / T - 3.3539 (D.31) 

where T = absolute temperature, 'K. 

For nitric acid: DTRYT = DTRY e-0*a18a02 (D.32) 

For uranium: DTRYT = DTRY e2*5 

For thorium: DTRYT = DTRY 

(D.33) 

(D. 34)  

where 

C = 0.891664 + 0.879688 ARY(3) - 1.47438 [ARY(3)I2 (D. 35)  

D . 4  Listing of UCOR BuBprograms (UCORPU and U M R T H )  

3120 SUB UCORPU 'Provides Purex distribution coefficients. 
3130 SHARED NTOST%, CTBP, NEWOUT%, SPH, IFAST%, IRXN%, DTHETA, IVOLM%, 

IVOLS%,  IPRO%, TEMPI, I S O L 5 % ,  NSTR%, ISTR%, JSTR%, IPROCE%, LN%, V%,  
PQS, QQS, RS,  RRS, T, CODUMO I C O D W O  

3140 SHARED TEMPC, ARY(), DTRY() 
3150 HAM = A R Y ( 1 ) :  UAM = ARY(2): PUAM = ARY(3) 
3160 P U I I I  = ARY(4): SNITR = ARY(6) 
3170 I F  UAM < O! THEN UAM = O! 
3180 I F  PUAM < O! THEN PUAM = O! 
3190 I F  HAM < O! THEN HAM = O! 
3200 I F  SNITR < O! THEN SNITR = O! 
3210 I F  P U I I I  < O! THEN P U I I I  = O! 
3220 TNM = HAM + 2! * UAM + 2! * PUAM f SNITR + 2 !  * F V I I I  
3230 I F  TNM < 1E-10 THEN TNM = 1E-10 
3240 DRT = lOOO! / (TEMPC + 273.16) - 3.3539 
3250 UK = ( 3 . 7  * TNM * 1.57 + 1.4 * TNM 3.9 + . 0 1 1  * TNM 7.3) * (4! * 

CTBP (-.17) - 3 ! )  * 1.13  
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3260 PUK UK * (.135 + .122113 * (CTBP / -3) A (.746 - 3.91 * CTBP) + .01 
* TNM A 2!) 

3270 HK1 = .135 * TNM .82 + -0052 * TNM 3.44 
3280 IF CTBP < l! THEN H K l  = HK1 * (l! - .54 * EXP(-15! * CTBP)) 
3290 IF TEMPC = 25! THEN 3330 
3300 UK = UK * EXP(2.5 * DRT) 
3310 PUK = PUK * EXP(-.8 * DRT) 
3320 HK1 = HK1 * EXP(.34 * DRT) 
3330 HK2 = HK1 
3340 A = 2! * (UK * UAM + PUK * PUAM + HK2 * HAM): B -- HK1 * HAM + l! 
3350 IF A >= .000001 THEN 3380 
3360 TF = T / B 
3370 GOT0 3390 
3380 TF f (-B + SQR(B 2! f 4! * A * T ) )  / (2! * A) 
3390 DTRY(1) = HK1 * TF + HK2 * TF 2!: DTRY(2) = UK * TF 2 ! :  DTRY(3) = 

3400 END SUB 

6780 SUB UCORTH 'Provides Thorex distribution coefficients. 
6790 SHARED NTOST%, CTBP, NEWOUT%, SPH, IFAST%, IRXN%, DTHETA, IVOLM%, 

PUK * TF 2! 

IVOLS%, IPRO%, TEMPI, ISOL5%, NSTR%, ISTR%, JSTR%, IPROCE%, LN%, V%, 
PQS, QQS, RS, RRS, T, C Q D m O ,  C o D W O  

6800 SHARED TEMPC, ARY(), DTRY() 
6810 DIM COEF(12, 3 ) ,  KU(3), KH(3), KTH(3), AZA(4), TBP(3) 
6820 FOR I% = 1 TO 12 
6830 READ COEF(I%, 1) 
6840 NEXT I% 
6850 FOR I% = 1 TO 12 
6860 READ COEF(I%, 2 )  
6870 NEXT I% 
6880 FOR I% = 1 TO 12 
6890 READ COEF(I%, 3) 
6900 NEXT I% 
6910 RESTORE 
6920 U = 3! * ARY(2) + lo! * ARY(3) + ARY(1) 
6930 NO3 = 2! * ARY(2) + 4! * A F t Y ( 3 )  + ARY(1) 
6940 FOR I% = 1 TO 3 
6950 KU(I%) = COEF(1, 1%) + COEF(2, I%) * U -t COEF(3, 1%) * U A 2 !  6 

6960 KTH(I%) = COEF(5, 1%) + COEF(6, 1%) * U 4- COEF(7, I%) * U 2! -4- 

6970 KH(I%) = COEF(9, I%) + COEF(10, 1%) * U + COEF(11, I%) * U A 2! + 
6980 AZA(1) -T: AZA(2) = l! f KH(I%) * ARY(1) * NO3 
6990 AZA(3) = 2! * KU(I%) * ARY(2) * NO3 2!: AZA(4) = 3 !  * KTH(I%) * 
7000 IF -AZA(l) < (-AZA(1) / AZA(2)) THEN YY = -AZA(l) ELSE YY = -AZA(l) / 

7010 IF YY < 0 THEN YY = -AZA(1) 
7020 FOR J% = 1 TO 20 
7030 D = AZA(4): C = AZA(4) 
7040 FOR 11% = 1 TO 2 
7050 K% = 4 - 11%: D = AZA(K%) + YY * D: C = D -t YY * C 
7060 NEXT IX% 
7070 D = AZA(1) + YY * D: DELTY = D / C 

COEF(4, 1%) * U 3! 

COEF(6, 1%) * U 3! 

COEF(12, 1%) * U 3! 

ARY(3) * NO3 4 !  

AZA(2) 
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7080 
7090 
7100 
7110 
7120 
7130 
7140 
7 150 
7 160 
7170 
7180 
7190 
7200 
7210 
7220 

7230 

IF ABS(DELTY) < .00001 AND ABS(D) < .00001 THEN 7110 
YY = YY - DELTY 

NEXT J% 
TBP(I%) = YY 
IF TBP(I%) < O! THEN TBP(I%) = O! 

NEXT I% 
DTRY(1) = KH(3) * NO3 * TBP(3) 
DTRY(2) = KU(1) * NO3 2! * TBP(1) 2! 
DTRY(3) = KTH(2) * NO3 4! * TBP(2) 3! 
IF TEMPC = 25! THEN 7230 
IF TEMPC < L5! OR TEMPC > 70! THEN 7230 
XTEMP = lOOO! / (273.16 + TEMPC) - 3.3539 
DTRY(1) = DTRY(1) * EXP(-.818802 * XTEMP) 
DTRY(2) = DTRY(2) * EXP(2.5 * XTEMP) 
DTRY(3) = DTRY(3) * EXP((.891664 + .879688 * ARY(3) - 1.47438 * ARY(3) .. 2!) * XTEHP) 
END SUB 

D.5 STAGES Subprogram 

Statements Description 

200- 320 The STAGES Subprogram is entered with concentrations at the 
beginning of the time increment, designated as condition 1, and 
returns concentrations for the end of the time increment, 
designated as condition 2. The Subprogram is also entered with 
a value of NDIREC% of +1 or -1 denoting if stage calculations 
will proceed in the direction of aqueous flow or organic flow 
respectively. Integrations for the mixers will be performed 
using one of three available numerical methods as specified 
from the Problem Definition file (Runge-Kutta, Trapezoidal, or 
Fast). In this initial set of statements the tolerance of fit 
for an iterative search of distribution coefficients (CCD) is 
set at 0.001, and an index denoting the number of times that 
the cascade is calculated for each integration (MSCAN%) is 
initially set at 0. The index TCONC% is set at +l denoting 
that solute-free units will be passed to conversion routines. 

330- 690 As each stage in the cascade is calculated, the stage number is 
For the present time increment and stage placed on the screen. 

being considered, the inventory change of a solute (CODW) and 
the change in solute entering a stage from an upstream settler 
in the aqueous or organic stream (DELTAX and DELTAY) are 
initiated at 0. The total solute entering the stage with 
either phase (AIN and OIN) is calculated from values of flow 
rates and concentrations of feed streams and/or upstream 
settlers present at the beginning of the time increment. The 
change in total solute entering a stage from an upstream 
settler during the t i m e  increment (DELTAX and DELTAY) is 
calculated from upstream settler concentrations and interstage 
flow rates. If the Fast integration technique was specified, 
AIN and OIN values are incremented by an additional 50% of the 
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Statements Description 

700- 760 

770- 860 

870- 890 

change in solute content of an upstream settler during the time 
increment. These calculations are all further amended to 
account for any special routing of the organic phase in 
statements 490-550. A lower limit on AIN and OIN values is 
provided in statements 560-570. The variables TX, ARY, AQ, and 
ORG are set at mixer concentrations from the previous time 
increment (or initial condition) in statement 580 for use in 
later calculations. All of the above as pertains to non- 
extractable components in the aqueous phase is carried out in 
statements 600-690. 

The stage temperature (TEMP) is set at that Prom the previous 
time increment (or initial condition). The conversion factor 
Subprogram is called to obtain mixer and settler phase volumes 
in molar units at this temperature for use in heat balance 
calculations. The variables AQ and QRG are used within the 
conversion factor Subprogram. 

A simple heat balance is made considering the flow rates and 
temperatures of all streams affecting the stage being 
considered. For upstream settlers, the assumed temperature is 
incremented by 50% of the temperature change within that 
settler during the time increment. From this heat balance, a 
new stage temperature is calculated in statement 850. The 
variable TEMPC is set to this new temperature f o r  use in later 
calculations. 

The index IMCHEM% is set at 0 denoting that no chemical 
reactions have yet been considered. Control transfers to 
statement 2300 if the Trapezoidal integration technique is to 
be used for the mixers, statement 1980 if the Fast technique is 
specified, or statement 900 for the Runge-Kutta method. The 
mixers are modeled assuming perfect mixing of the phases and 
equilibrium mass-transfer conditions. 

900-1970 Runse-Kutta intearation techniuue for mixers. A fourth-order 
classical Runge-Kutta numerical integration technique is 
employed in this section. 

appropriate UCOR Subprogram is called to obtain distribution 
coefficients based on concentrations existing from the previous 
time increment. The variables ARY and TEMPC, calculated above, 
are used within the UCOR Subprogram. 

960-1160 A variable F is calculated for each solute by material balance 
around the mixer that represents the change in solute content 
in the mixer for a unit of time, the first derivative. New 
values of A R Y  are calculated as the average of the initial and 
final solute contents for the time increment. This procedure 
assumes that flow rates, volumes, and feed streams are constant 

900- 950 The counter (MCK%) for the number of trials is set to 0 and the 
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and that mixer concentrations vary by only a small amount over 
the time increment. The counter MCK% is incremented, the 
appropriate UCOR Subprogram is recalled using the new values of 
ARY, and the index MDEX% is set to 0. This index will 
represent a good fit of trial to result (MDEX% = 0) or not 
(MDEX% = 1). The differences between the original mixer solute 
contents (TX) and the new values (ARY) are calculated as 
fractional changes and compared to the tolerance CCD. 
of these changes exceed the tolerance, MDEX% is set to 1 and TX 
is set equal to ARY.  For up to 5 trials, if a good fit is not 
attained, control returns to statement 960 to repeat the above 
procedure; otherwise program flow continues to statement 1170 
where a similar procedure is followed. 

1170-1190 The mixer concentrations for the end of the time increment are 
set equal to ARY and the variable P H I ,  which accumulates values 
of F ,  is set equal to F. 

If any 

1200-1400 The variable F (derivative) is now recalculated using the 
latest values of distribution coefficients and mixer 
concentrations, ARY values are again calculated as averages of 
solute contents, the counter MCK% is incremented, the UCOR 
Subprogram is called, and the fractional changes in mixer 
concentrations are compared to the tolerance CCD. For up to 
another 5 trials (total of 10) , if a good fit is not attained, 
control returns to statement 1200; otherwise program flow 
continues to statement 1410. 

1410-1430 Mixer concentrations €or the end of the time increment are Set 
equal to ARY and P H I  is incremented by twice the value of F. 

1440-1640 The variable F (derivative) is again recalculated using the 
latest values of distribution coefficients and mixer 
concentrations. Values of ARY are calculated based on the 
change in solute represented by F (not as an average, as 
before). The counter MCK% is incremented, the UCOR Subprogram 
is called, and the fractional changes in mixer concentrations 
are again compared to the tolerance CCD. For up to another 5 
trials {total of 151, if a good fit is not attained, control 
returns to statement 1440;  otherwise program flow continues to 
statement 1650. 

1650-1670 Mixer concentrations for the end of the time increment are set 
equal to ARY and PHI is incremented by twice the value of F. 

latest values of distribution coefficients and mixer 
concentrations. Values of ARY are calculated based on 
(F+PHI)/6 as an increment. The counter MCK% is incremented, 
the UCOR Subprogram is called, and the fractional changes in 
mixer concentrations are again compared to the tolerance CCD. 
For up to another 5 trials (total of 20), if a good fit is not 

1680-1880 The variable F (derivative) is again recalculated using the 
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attained, control returns to statement 1680; otherwise program 
flow continues to statement 1890. 

Note that in the above procedure, a bias may result from the fact that the 
solute concentrations in one upstream settler result from a calculation in 
the present time increment while those from the other upstream settler 
exist from the previous time increment. This situation occurs as a result 
of calculations being made one stage at a time in a single direction. The 
bias should be minimized by sweeping the cascade in the opposite direction 
in the next time increment. 
two times for each of the first five calculations. 

1890-1970 A lower limit is set on the ARY values and mixer concentrations 

Note also that the UCOR subprogram is called 

are defined for the end of the time increment. This integra- 
tion procedure ends as control transfers to statement 2580. 

1980-2290 Fast intearation techniaue for mixers, A newly developed 
numerical integration technique is employed in this section. 
Although called the Fast technique, in practice it generally 
consumes more computer time than the Trapezoidal technique for 
the same size time increment for integrations. It will, in 
most cases, perform with large time increments (10 min.) 
without failure and thereby attain steady-state results very 
quickly. It is less accurate than the Runge-Kutta method for 
following transient conditions but will provide equivalent 
values for steady-state results. It is the only recommended 
technique for transient results where plutonium reduction is 
occurring. 

1980-2040 The counter (MCK%) for the number of trials and the index 
(MDEX%) that denotes a good fit of trial to result are set ta 
0. The appropriate UCOR Subprogram is called to obtain 
distribution coefficients based an concentrations existing from 
the previous time increment or previous trial. The variables 
ARY and TEMPC, calculated above, are used within the UCOR 
Subprogram in the first trial. 

2050-2240 An exponential factor, or weighting coefficient (WCHT) , is 
calculated in statement 2060 for use in statement 2070 where 
new values of ARY are calculated. The differences between 
aqueous-phase concentrations at the end of the time increment 
(will be the previous time increment if this is the first 
trial) and the new values of ARY are calculated as fractional 
changes and compared to the tolerance CCD. The aqueous-phase 
concentrations at the end of the time increment are set equal 
to ARY. The counter MCK% is incremented. For up to 15 trials, 
if a good fit is not attained, control returns to statement 
2000 to repeat the above procedure; otherwise program flow 
continues to statement 2250. 

2250-2290 Control transfers to statement 2630 if chemical reactions have 
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already been considered or are not to be considered (IMCHEM% = 
1, IRXN% = 0, or IPROCE% = 1). Otherwise the index IMCHEM% is 
set to 1 and a test is made for the presence of a chemical 
reductant. If no reductant is present (ISOL5% = 0), control 
transfers to statement 1980 and the foregoing procedure is 
repeated. If reductant is present, the chemical reaction 
Subprogram for mixers (MCHEMP) is called and control transfers 
to statement 1980 to repeat the foregoing procedure using 
aqueous-phase concentrations following chemical reaction. For 
details of the MCHEMP Subprogram, see Sect. D.11. This 
integration procedure ends as control transfers to statement 
2630 as noted above. 

Note that the UCOR Subprogram is only called once for each trial 
calculation if chemical reactions are not considered. As will be seen in a 
later discussion below, the Fast integration technique calculations will 
sweep the cascade in both directions in each time increment. 

2300-2570 TraDezoidal inteqration technicme for mixers. A classical 
trapezoidal or finite difference numerical integration 
technique is employed in this section. It is less accurate 
than the Runge-Kutta method for following transient conditions 
but will provide equivalent steady-state results. 

2300-2360 The counter (MCK%) for the number of trials and the index 
(MDEX%) that denotes a good fit of trial to result are set to 
0. The appropriate UCOR Subprogram is called to obtain 
distribution coefficients based on concentrations existing from 
the previous time increment or previous trial. The variables 
ARY and TEMPC, calculated above, are used within the UCOR 
Subprogram in the first trial. 

2370-2570 Statements 2380 and 2390 employ a trapezoidal approximation for 
the determination of aqueous concentrations at the end of the 
time increment. Organic-phase concentrations at the end of the 
time increment are calculated in statement 2410. Differences 
between aqueous-phase concentrations at the end of the time 
increment and the ARY values are calculated as fractional 
changes and compared to the tolerance CCD. The ARY values are 
then set equal to the calculated aqueous-phase concentrations. 
The counter MCR8 is incremented. For up to 21 trials, if a 
good fit is not attained, control returns to statement 2320 to 
repeat the above procedure: otherwise this integration 
procedure ends as program flow continues to statement 2580. 

As with the Runge-Kutta technique, Trapezoidal integration technique 
calculations will alternately sweep the cascade in opposite directions in 
successive time increments. Note also that the UCOR Subprogram is called 
nrlly once for each trial calculation. 
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2580-2620 Exponential factors (FACTA and FACTO) for temperature and 
concentration changes in the settlers are initially set to 0. 
If no chemical reactions are to be considered or no reductant 
is present (IRxN% = 0, IPROCE% = 1, or ISOL5% = 0), control 
transfers to statement 2630. Otherwise, the chemical reaction 
Subprogram for mixers (MCHEMP) is called and program flow 
continues to statement 2630. 

2630-3960 TraDezoidal intesration techniaue for settlers. A classical 
trapezoidal or finite difference numerical integration 
technique is employed for the settlers in this section. The 
settlers are modeled assuming no mass transfer between the 
phases and perfect mixing of the phases in each of three 
settler zones, The use of three perfectly mixed zones in 
succession is a compromise between plug-flow and perfectly 
mixed models. These zones serve as liquid holdup regions 
between the mixers of adjacent stages. Chemical reactions 
within a phase, however, are allowed to occur. 

2630-2660 Exponential factors (FACTA and FACTO) for temperature and 
concentration changes in the settlers are set to 150 or to 
values as defined in statements 2650 and 2660 based on settler 
phase volumes. 

2670-2680 Exit stream temperatures for zone 1 for the time increment are 
calculated assuming a well-mixed tank. 

2690-2860 The inventory change in zone 1 (CNGINV) is initially set at Q 
and then calculated using mixer exit stream concentrations (if 
significant) and expressed as a percentage. The variable 
CODUM, which represents maximum inventory change is set equal 
to CNGINV if CNGINV > CODUM. Exit stream concentrations for 
zone 1 for the time increment are calculated assuming a well- 
mixed tank. 

2870-3010 A similar procedure is followed for settler zones 2 and 3 to 

3020-3060 If no chemical reactions are to be considered or no reductant 

produce exit stream temperatures and concentrations. 

is present (IRXN% = 0, IPROCE% = 1, or ISOL5% = 0) , control 
transfers to statement 3060. Otherwise, the chemical reaction 
Subprogram for settlers (SCHEMP) is called and program flow 
continues to statement 3060. For details of the SCHEMP 
Subprogram, see Sect. D.ll. This integration procedure for 
settlers ends as program flow continues to statement 3070. 

3070-3110 The sign of the index NDIREC%, which denotes if stage 
calculations proceed in the direction of aqueous flow or 
organic flow, is reversed and the index MSCAN%, denoting the 
number of times the cascade is calculated for each integration, 
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~ 

is incremented. If the Fast integration technique is specified 
for mixers and if MSCAN% c 2, control transfers to statement 
330 where the cascade integration procedure is repeated for the 
same time increment, but in the opposite direction. If either 
of the other two mixer integration techniques is specified, 
NDIREC% is returned to its previous value and the Subprogram 
ends. 

0 . 3  Listing of the BTAGEB BubprOgrm 

200 SUB STAGES (NDIREC%) 'Calculates concentrations in each stage for 

210 SHARED NTOST%, CTBP, NEWOUT%, SPH, IFAST%, IRXN%, DTHETA, IVOLM%, 
every time increment. 

IVOLS%, IPRO%, TEMPI, ISOLS%, NSTR%, ISTR%, JSTR%, IPROCE%, LN%, V%, 
PQS, QQS, R S r  RRSr T, CODmO, CODlJMMO 

220 SHARED TPROFO, ATSO, OTSO 
230 SHARED TEMPC, ARY(), DTRY() 

250 SHARED ANETO, ONETO, AT(), OT() 
260 SHARED XFD() , YFD(), AFDRT(), OFDRT() , AFDTEM() , OFDTEM() ALVRT(), 

270 SHARED AVOLO, OVOLO, ASVOL(), OSVOL() 
280 SHARED AQ(), ORGO, TFXP, CONVA, CONVO, TCONC% 
290 SHARED RXNTRMO, AIN(), OINO 
300 DIM F(6) , PHI(6) , TX(6), DELTAX(6) , DELTAY(3) 
310 CCD = .001: TCONC% = 1 
320 MSCAN% = 0 
330 FOR NSCAN% = 1 TO NTOST% 
340 J% = NSCAN% 
350 IF NDIREC% < 0 THEN J% = NTOST% - NSCAN% + 1 
360 LOCATE 6, 66: PRINT USING " # # # " ;  J%; 
370 JJ% = J% - 1: 555% = J% + 1: CODUM(J%) = O! 
380 FOR I% = 1 TO 3 
390 DELTAX(I%) = O!: DELTAY(I%) = O!: CODUMPI(I%, J%) = O !  
400  AIN(I%) = AFDRT(J%) * XFD(I%, J%): OIN(I%) = OFDRT(J%) * YFD(I%, J%) 
410 IF J% = 1 THEN 450 
420 AIN(I%) = AIN(I%) + ANET(JJ%) * XS(JJ%, 3 ,  I%, 1) 
430 DELTAX(I%) = (XS(JJ%, 3, I%, 2 )  - XS(JJ%, 3, I%, 1)) * ANET(JJ%) 
4 4 0  IF IFAST% <> 2 THEN AIN(I%) = AIN(I%) + (XS(JJ%, 3, I%, 2) - XS(JJ%, 
4 5 0  IF J% = NTOST% THEN 490 
460 OIN(I%) = OIN(I%) + ONET(JJJ%) * YS(JJJ%, 3, I%, 1) 
470 DELTAY(I%) = (YS(JJJ%, 3, I%, 2) - YS(JJJ%, 3, I%, 1)) * ONET(JJJ%) 
480 IF IFAST% <> 2 THEN OIN(I%) = OIN(I%) + (YS(JJJ%, 3, I%, 2) - 
490 IF NSTR% <> 1 THEN 560 
500 IF J% <> JSTR% AND J% <> (ISTR% - 1) THEN 560 
510 IF J% = (ISTR% - 1) THEN OIN(I%) = OFDRT(J%) * YFD(I%, J%) 
520 IF J& = (ISTR% - 1) THEN DELTAY(I%) = O! 

240 SHARED x o ,  y o ,  xso, YSO 

OLVRT ( ) 

3 ,  I%, 1)) * ANET(JJ%) / 2! 

YS(JJJ%, 3 ,  I%, 1)) * ONET(JJJ%) / 2!  



144 

530 

540 

550 

560 
570 
580 

590 
600 
610 
620 
630 
640 
650 
660 

670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 

790 

800 

780 

ai0 

820  
830 

8 4 0  

850 

860 
870 
880 

IF J% = JSTR% THEN OIN(I%) = OIN(I%) + ONET(ISTR%) * YS(ISTR%, 3, I%, 
IF J% = JSTR% THEN DELTAY(I%) = DELTAY(I%) 4- (YS(ISTR%, 3, I%, 2) - . 
YS(ISTR%, 3 ,  I%, 1)) * ONET(ISTR%) 
IF J% = JSTR% AND IFAST% <> 2 THEN OIN(I%) = OIN(I%) + (YS(ISTR%, 3, 
I%, 2 )  - YS(ISTR%, 3 ,  I%, 1)) * ONET(ISTR%) / 2! 
IF ABS(AIN(I%)) < 1E-15 THEN AIN(I%) = O !  
IF ABS(OIN(I%)) < 1E-15 THEN OIN(I%) = O !  
TX(I%) = X(I%, J%, 2 ) :  ARY(I%) = X(I%, J%, 2): AQ(I%) = X(I%, J%, 2 ) :  
ORG(I%) = Y(I%, J%, 2 )  

1) 

NEXT I% 
FOR I% = 4 TO V% 
DELTAX(I%) = O ! :  CODUMM(I%, J%) = O !  
AIN(I%) = AFDRT(J%) * XFD(I%, J%) 
IF J% = 1 THEN 670 
AIN(I%) = AIN(I%) + ANET(JJ%) * XS(JJ%, 3 ,  I%, 1) 
DELTAX(I%) = (XS(JY%, 3 ,  I%, 2 )  - XS(JJ%, 3 ,  I%, 1)) * ANET(JJ%) 
IF IFAST% <> 2 THEN AIN(I%) = AIN(I%) + (XS(JJ%, 3 ,  I%, 2 )  - XS(JJ%, 
3 ,  I%, 1)) * ANET(JJ%) / 2 !  
IF ABS(AIN(I%)) < 1E-15 THEN AIN(I%) = O !  
TX(I%) = X ( I % ,  J%, 2 ) :  ARY(I%) = X(I%, J%, 2): AQ 
NEXT I% 
TEMP = TPROF(J%, 2 )  
IF IPROCE% <> 0 THEN 740  
CALL MOLALP 'The MOLALP Subprogram is called here 
GOTO 750 

1%) = X(I%, J%, 2 )  

CALL MOULT 'The MOULT Subprogram is called here. 
AQVOL = AVOL(J%) / CONVA: ORVOL = OVOL(J%) / CONVO 
AQSVOL = ASVOL(J%) / CONVA: ORSVOL = OSVOL(J%) / C O W 0  
AHTIN = AFDRT(J%) * AFDTEM(J%): OHTIN = OFDRT(J%) * OFDTEM(J%) 
IF J% <> 1 THEN AHTIN = AHTIN + ANET(JJ%) * ATS(JJ%, 3 ,  1) 
IF J% <> 1 THEN AHTIN = AHTIN + (ATS(JJ%, 3 ,  2)  - ATS(JJ%, 3 ,  1)) * 
ANET(JJ%) / 2! 
IF J% <> NTOST% THEN OHTIN = OHTIN + ONET(JJJ%) * OTS(JJJ%, 3 ,  1) 
IF J% <> NTOST% THEN OHTIN = OHTIN + (OTS(JJJ%, 3 ,  2 )  - OTS(JJJ%, 3 ,  
1)) * ONET(JJJ%) / 2 !  
IF NSTR% = 1 AND J% = (ISTR% - 1) THEN OHTIN = OFDRT(J%) * OFDTEM(J%) 
IF NSTR% = 1 AND J% = JSTR% THEN OHTIN = OHTIN -4- ONET(ISTR%) * 
OTS(ISTR%, 3, 1) 
IF NSTR% = 1 AND J% = JSTR% THEN OHTIN = OHTIN + (OTS(ISTR%, 3 ,  2 )  - 
OTS(ISTR%, 3 ,  1)) ONET(ISTR%) / 2 !  
TPROF(J%, 2 )  = TPROF(J%, 1) + DTHETA * (AHTIN + SPH * OHTIN - (AT(J%) 
+ SPH * OT(J%)) TPROF(J%, 1)) / (AQVOL + SPH * ORVOL) 
TEMPC = TPROF(J%, 2 )  
IMCHEM% = 0 
IF IFAST% = 1 THEN 2300 

a g o  IF IFAST% = 2 THEN 1980 
900 REM The Runge-Kutta method begins here. 
910 MCK% = 0 
920 IF IPROCE% .C> 0 THEN 950 
930 CALL UCORPU 'The UCORPU Subprogram is called here. 
940 GOTO 960 
950 C A U  UCORTH 'The UCORTH Subprogram is called here. 
960 FOX I% = 1 TO 3 
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F(I%) = (AIN(I%) + OIN(I%) - (AT(J%) + OT(J%) * DTRY(I%)) * X(I%, J%, 
1)) / (AQVOL + ORVOL * DTRY(I%)) 
ARY(I%) = X(I%, J%, 1) + DTHETA * F(I%) / 2! 

FOR I% = 4 TO V% 
NEXT I% 

F(I%) = (AIN(I%) - AT(J%) * X(I%, J%, 1)) / AQVOL 
ARY(I%) = X(I%, J%, 1) + DTHETA * F(I%) / 2! 

NEXT I% 
MCR% = MCK% + 1 
IF IPROCE% <> 0 THEN 1080 
CALL UCORPU 'The UCORPU Subprogram is called here. 
GOTO 1090 
CALL UCORTH 'The UCORTH Subprogram is called here. 
MDEX% = 0 
FOR I% = 1 TO V% 
IF ABS(ARY(I%)) < .000001 THEN 1140 
DIF = ABS((TX(I%) - ARY(I%)) / ARY(I&)) 
IF DIF > CCD THEN MDEX% = 1 
TX(I%) = ARY(I%) 
NEXT I% 
IF MDEX% = 1 AND MCK% < 5 THEN 960 
FOR I% = 1 TO V% 
X(I%, J%, 2) = ARY(I%): PHI(I%) = F(I%) 
NEXT I% 
FOR I% = 1 TO 3 
F(I%) = (AIN(I%) + OIN(I%) - (AT(J%) + OT(J%) * DTRY(I%)) * X(I%, 
J%, 2)) / (AQVOL + ORVOL * DTRY(I%)) 
ARY(I%) = X(I%, J%, 1) + DTHETA * F(I%) / 2 !  

NEXT I% 
FOR I% = 4 TO V% 
F(I%) = (AIN(I%) - AT(J%) * X ( I % ,  J%, 2 ) )  / AQVOL 
ARY(I%) = X ( I % ,  J%, 1) + DTHETA * F(I%) / 2! 
NEXT I% 
MCK% = MCK% + 1 
IF IPROCE% <> 0 THEN 1320 
CALL UCORPU 'The UCORPU Subprogram is called here. 
GOTO 1330 
CALL UCORTH 'The UCORTH Subprogram is called here. 
MDEX& = 0 
FOR I% = 1 TO V% 
IF ABS(ARY(I%)) < .000001 THEN 1380 
DIF = ABS((TX(I%) - ARY(I%)) / ARY(I%)) 
IF DIF > CCD THEN MDEX% = 1 
TX(I%) = ARY (1%) 
NEXT I% 
IF MDEX% = 1 AND MCK% < 10 THEN 1200 
FOR I% = 1 TO V% 

NEXT I% 
FOR I% = 1 TO 3 

X ( I % ,  J%, 2 )  = ARY(I%): PHI(I%) = PHl(I%) + 2 !  * F(I%) 

F(I%) = (AIN(I%) + OIN(I%) - (AT(J%) + OT(J%) * DTRY(I%)) * X(I%, 
J%, 2)) / (AQVOL + ORVOL * DTRY(I%)) 
ARY(I%) = X ( I % ,  J%, 1) + DTHETA * F(I%) 
NEXT I% 

1480 FOR I% = 4 TO V% 
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1500 
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F ( I % )  = ( A I N ( I % )  - A T ( J % )  * X ( I % ,  J%, 2 ) )  / AQVOL 
A R Y ( I % )  = X ( I % ,  J%, 1) + DTHETA * F ( I % )  

NEXT I% 
MCK% = MCK% + 1 
I F  IPROCE% <> 0 THEN 1560 
CALL UCORPU 'The UCORPU Subprogram is called here. 
GOTO 1570 
CALL WCORTH 'The UCORTH Subprogram is called here. 
MDEX% = 0 
FOR I% = 1 TO V% 

I F  A B S ( A R Y ( I % ) )  < .000001 THEN 1620 
D I F  = A B S ( ( T X ( I % )  - A R Y ( I % ) )  / ARY(I%)) 
I F  D I F  > CCD THEN MDEX% = b 
T X ( I % )  = A R Y ( I % )  

NEXT I% 
I F  MDEX% = 1 AND MCK% < 15 THEN 1440 
FOR I% = 1 TO V% 

NEXT I% 
FOR I% = 1 TO 3 

X ( I % ,  J%,  2 )  = A R Y ( I % ) :  P H I ( I % )  = P H I ( I % )  + 2 !  * F ( I % )  

F ( I % )  = ( A I N ( I % )  + O I N ( I % )  - (AT(J%) + O T ( J % )  * DTRY(1 ' I ; ) )  * X ( I % ,  
J%,  2)) / (AQVOL + ORVOL * D T R Y ( I % ) )  
A R Y ( I % )  = X ( I % ,  J%, 1) + ( P H I ( I % )  + F ( I % ) )  * DTHETA / 6! 

NEXT I% 
FOR I% = 4 TO V% 

F ( I % )  = ( A I N ( I % )  - A T ( J % )  * X ( I % ,  J%, 2)) / AQVOL 
A R Y ( I % )  = X ( I % ,  J%, 1) + ( P H I ( I % )  + F ( I % ) )  * DTHETA / 6! 

NEXT I% 
MCK% = MCK% + 1 
I F  IPROCE% <> 0 THEN 1800 
CALL UCORPW 'The UCORPU S u b p r o g r a m  is called here. 
GOTO 1810 
CALL UCORTH 'The UCORTH S u b p r o g r a m  is called here. 
MDEX% = 0 
FOR I% = 1 TO V% 

I F  ABS (ARY ( 1 % )  ) < .000001 THEN 1860 
D I F  = A B S ( ( T X ( I % )  - A R Y ( I % ) )  / A R Y ( I % ) )  
I F  D I F  > CCD THEN MDEX% = I. 
T X ( I % )  = A R Y ( I % )  

NEXT I% 
I F  MDEX% = 1 AND MCK% < 20 THEN 1680 
FOR I% = 1 TO 3 

I F  A R Y ( I % )  <= 1E-20  THEN A R Y ( I % )  = O! 
Y ( I % ,  J%, 2) = D T R Y ( I % )  * A R Y ( I % ) :  X ( I % ,  J%, 2) = A R Y ( T % )  

NEXT I% 
FOR I% = 4 TO V% 

I F  A R Y ( I % )  <= 1E-20 THEN ARY(I%) =: O! 
X ( I % ,  J%,  2) = A R Y ( I % )  

NEXT I% 
GOTO 2580 

MCK% = 0 
MDEX% = 0 
I F  IPROCE% <> 0 THEN 2040 
CALL UCORPU ' T h e  UCORPU Subprogram is called here. 

REM The fas t  method begins here, 
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2040 
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2070 
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GOTO 2050  
CALL UCORTH 'The UCORTH Subprogram is called here. 
FOR I% = 1 TO 3 
WGHT = DTHETA * (AT(J%) + DTRY(I%) * OT(J%)) / (AQVOL + DTRY(I%) * 
ORVOL) 
ARY(I%) = X(I%, J%; I) * EXP(-WGHT) + (AIN(I%) + OIN(I%) + 
RXNTRM(I%, J%)) * (l! - EXP(-WGHT)) / (AT(J%) + DTRY(I%) * OT(J%)) + 
(DELTAX(I%) + DELTAY(I%)) * (EXP(-WGHT) + WGHT - l!) / (WGHT * 
(AT(J%) + DTRY(I%) * OT(J%))) 
DIF = O! 
IF ABS(ARY(I%)) >= .000001 THEN DIF = ABS((X(I%, J%, 2) - ARY(I%)) / 

IF DIF > CCD THEN MDEX% = 1 
IF ARY (1%) < 1E-10 THEN ARY (1%) = O! 
X(I%, J%, 2 )  = ARY(I%): Y(I%, J%, 2) = ARY(I%) * DTRY(I%) 

ARY(I%) 1 

NEXT I% 
FOR I% = 4 TO V% 
WGHT = DTHETA * AT(J%) / AQVOL 
ARY(I%) = X(I%, J%, 1) * EXP(-WGHT) + (AIN(I%) + RXNTRPI(I%, J%)) 
(l! - EXP(-WGHT)) / AT(J%) + DELTAX(I%) * (EXP(-WGHT) + WGHT - l!) / 
(WGHT * AT(J%)) 
DIF = O! 
IF ABS(ARY(I%)) >= .000001 THEN DIF = ABS((X(I%, J%, 2) - ARY(I%)) / 
ARY (1%) ) 
IF D1F.S CCD THEN MDEX% = 1 
IF ARY(I%) i 1E-10 THEN ARY(I%) = O! 
X(I%, J%, 2) = ARY(I%) 
NEXT I% 
MCK% = MCK% + 1 
IF MDEX% = 1 AND MCK% < 15 THEN 2000 
IF IMCHEM% = 1 OR IRXN% = 0 OR IPROCE% = 1 THEN 2630 
IMCHEM% = IMCHEM% + 1 
IF ISOL5% = 0 THEN 1980 
CALL MCHEMP(J%, AQVOL!, ORVOL!) 'The MCHEMP Subprogram is called 
here. 
GOTO 1980 

MCK% = 0 
MDEX% = 0 
IF IPROCE% <> 0 THEN 2360 
CALL UCORPU 'The UCORPU Subprogram is called here. 
GOTO 2370 
CALL UCORTH 'The UCORTH Subprogram is called here. 
FOR I% = 1 TO 3 

REM The trapezoidal method begins here. 

DVOLS = AQVOL + DTRY(I%) * ORVOL: DFLOS = AT(J%) + DTRY(I%) * OT(J%) 
X(I%, J%, 2 )  = (AQVOL * X(I%, J%, 1) + ORVOL * Y(I%, J%, 1) + DTHETA 

1)) / 2 ! ) )  / (DVOLS + DTHETA * DFLOS / 2!) 
IF X(I%, J%, 2) <= 1E-20 THEN X(I%, J%, 2) = O! 

IF ABS(X(I%, J%, 2)) < 1E-09 THEN 2450 
DIF = ABS((X(I%, J%, 2) - ARY(I%)) / X(I%, J%, 2)) 
IF DIF >= CCD THEN MDEX% = 1 
ARY(I%) = X(I%, J%, 2) 

* (AIN(I%) + OIN(I%) - (AT(J%) * X(I%, J%, 1) + OT(J%) * Y(I%, J%r 

Y(I%, J%, 2) X(I%, J%, 2) * DTRY(I%) 

NEXT I% 
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FOR I% = 4 TO V% 
DVOLS = AQVOL: DFLOS = AT(J%) 
X(I%, J%, 2) = (AQVOL * X(I%, J%, 1) + DTHETA * (AIN(I%) - (AT(J%) * 
X(I%, J%, 1)) / 2!)) / (DVOLS + DTHETA * DFUS / 2 1 )  
IF X(I%, J%, 2) <= 1E-20 THEN X(I%, J%, 2) = O! 
IF ABS(X(I%, J%, 2)) < 1E-09 THEN 2540 
DIF = ABS((X(I%, J%, 2 )  - ARY(I%)) / X ( I % ,  JS;, 2)) 
IF DIF >= CCD THEN MDEX% = 1 
ARY(I%) = X(I%, J%, 2 )  
NEXT I% 
MCK% = MCK% + 1 
IF MDEX% = 1 AND MCK% <= 20 THEN 2320 
FACTA = O! : FACTO = O !  
IF IRXN% = 0 THEN 2630 
IF IPROCE% = 1 THEN 2630 
IF ISOL5% = 0 THEN 2630 
CALL MCHEMP(J%, AQVOL!, ORVOL!) 'The MCHEMP Subprogram is called 
here. 
REM The settlers are integrated here (trapezoidal method). 
FACTA = 150!: FACTO = 150! 
IF AQSVOL > O !  THEN FACTA = 3 !  * AT(J%) * DTHETA / AQSVOL 
IF ORSVOL > O! THEN FACTO = 3 !  * OT(J%) * DTHETh / ORSVOL 
ATS(J%, 1, 2) = ATS(J%, 1, 1) * EXP(-FACTA) -t- TPROF(J%, 1) * (l! - 
EXP(-FACTA)) + (TPROF(J%, 2) - TPROF(J%, 1)) * (EXP(-FACTA) + FACTA - 
l!) / FACTA 
OTS(J%, 1, 2) = OTS(J%, 1, 1) * EXP(-FACTO) -i- TPROF(J%, 1) * (l! - 
EXP(-FACTO)) + (TPROF(J%, 2) - TPROF(J%, 1)) * (EXP(-FACTO) -i- FACTO - 
l!) / FACTO 
FOR I% = 1 TO 3 
CNGINV = O !  
IF (X(I%, J%, 2) + Y(I%, J%, 2)) > .000001 THEN CNGIW = (AVOL(J%) * 
(X(I%, J%, 2) - X(I%, J%, 1)) + OVOL(J%) * (Y(I%, J%, 2) - Y(I%, J%, 
1))) / (DTHETA * (AVOL(J%) * X ( I % ,  J%, 2) + OVOL(J%) * Y(I%, J&, 
CNGINV = loo! * ABS(CNG1NV) 
IF CODUM(J%) < CNGINV THEN CODVM(J%) = CNGINV 
IF CODUMM(I%, J%) < CNGINV THEN CODW(I%, J%) = CNGINV 

2 ) ) )  

XS(J%, 1, I%, 2) = XS(J%, 1, I%, 1) * EXP(-FACTA) + X(I%, J%, 1) * 
(l! - EXP(-FACTA)) + (X(I%, J%, 2) - X(I%, J%, 1)) * (EXP(-FACTA) + 
FACTA - l!) / FACTA 
IF XS(J%, 1, I%, 2) <= 1E-20 THEN XS(J%, 1, I%, 2 )  = O! 
YS(J%, 1, I%, 2) = YS(J%, 1, I%, 1) * EXP(-FACTO) + Y(I%, J%, 1) * 
(l! - EXP(-FACTO)) + (Y(I%, J%, 2) - Y(I%, J%, 1)) * (EXP(-FACTO) + 
FACTO - l! ) / FACTO 
IF YS(J%, 1, I%, 2 )  <= 1E-20 THEN YS(J%, 1, I%, 2) O! 
NEXT I% 
FOR I% = 4 TO V% 
CNGINV = O !  
IF X(I%, J%, 2 )  > .000001 THEN CNGINV = AVOL(J%) * (X(I%, J%, 2) - 
X(I%, J%, 1)) / (DTHETA * AVOL(J%) * X(I%, J%, 2)) 
CNGINV = loo! * ABS (CNGINV) 
IF CODUM(J%) < CNGINV THEN CODUM(J%) = CNGINV 
IF CODUMM(I%, J%) 4 CNGINV THEN CODUMM(I%, J%) = CNGINV 
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XS(J%, 1, I%, 2) = XS(J%, 1, I%, 1) * EXP(-FACTA) + X(I%, J%, 1) * 
(l! - EXP(-FACTA)) + (X(I%, J%, 2) - X(I%, J%, 1)) * (EXP(-FACTA) + 
FACTA - I!) / FACTA 
IF XS(J%, 1, I%, 2) <== 1E-20 THEN XS(J%, 1, I%, 2) = O! 

NEXT 1% 
FOR KZ% = 2 TO 3 

KZB% = KZ% - 1 
ATS(J%, K Z % ,  2) = ATS(J%, K Z % ,  1) * EXP(-FACTA) + ATS(J%, KZB%, 1) * 
(l! - EXP(-FACTA)) + (ATS(J%, KZB%, 2) - ATS(J%, KZB%, 1)) * (EXP(- 
FACTA) + FACTA - l!) / FACTA 
OTS(J%, KZ%, 2) = OTS(J%, K Z % ,  1) * EXP(-FACTO) + OTS(J%, KZB%, 1) * 
(l! - EXP(-FACTO)) + (OTS(J%, KZB%,  2) - OTS(J%, KZB%, 1)) * (EXP(- 
FACTO) + FACTO - l!) / FACTO 
FOR I% = 1 TO 3 
XS(J%, KZ%, I%, 2) = XS(J%, KZ%, I%, 1) * EXP(-FACTA) + XS(J%, 
K Z B % ,  I%, 1) * (l! - EXP(-FACTA)) + (XS(J%, KZB%, I%, 2 )  - XS(J%, 
KZB%, I%, 1)) * (EXP(-FACTA) + FACTA - l!) / FACTA 
IF XS(J%, KZ%, I%, 2) <= 1E-20 THEN XS(J%, K Z % ,  I&, 2) O! 
YS(J%, K Z % ,  I%, 2) = YS(J%, KZ%, I%, 1) * EXP(-FACTO) + YS(J%, 
KZB%, I%, 1) * (l! - EXP(-FACTO)) + (YS(J%, KZB%, I%, 2) - YS(J%, 
K Z B % ,  I%, 1)) * (EXP(-FACTO) + FACTO - l!) / FACTO 
IF YS(J%, K Z % ,  I%, 2) <= 1E-20 THEN YS(J%, K Z % ,  I%, 2) = O! 

NEXT I% 
FOR I% = 4 TO V% 
XS(J%, K Z % ,  I%, 2) = XS(J%, KZ%, I%, 1) * EXP(-FACTA) + XS(J0, 
KZB%, I%, 1) * (l! - EXP(-FACTA)) + (XS(J%, KZB%, I%, 2) - XS(J%, 
KZB%, I%, 1)) * (EXP(-FACTA) + FACTA - l!) / FACTA 
IF XS(J%, K Z % ,  I%, 2 )  <= 1E-20 THEN XS(J%, K Z % ,  I%, 2) = O! 

NEXT I% 
NEXT KZ% 
IF IR?CN% = 0 THEN 3060 
IF IPROCE% = 1 THEN 3060 
IF ISOLS% = 0 THEN 3060 
CALL SCHEMP(J%, AQSVOL!, ORSVOL!) 'The SCHEMP Subpragram is called 
here. 
NEXT NSCAN% 
NDIREC% = -NDIREC% 
MSCAN% = MSCAN% + 1 
IF IFAST% = 2 AND MSCAN% < 2 THEN 330 
IF IFAST% <> 2 THEN NDIREX% = -NDIREC% 
END SUB 

D . 7  Print subprograms (PRTPU and PRTTE) 

Statements Description 

PRTPU : 
4980-5860 Subprogram PRTPU provides a hard-copy printout of results for a 

given modeling problem. The index TCONC% is set at 1 indicat- 
ing that solute-free units will be converted to molar units. 
Solute concentrations and phase flow rates in the mixers for 
the current time increment being printed are converted to molar 
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Statements Description 

Units through the MOLALP subprogram. 
estimated using correlations discussed in Sect. 2.5. 
Extraction factors for each transferring solute are also 
calculated. The molar concentrations in each stage are then 
converted to units appropriate for the printout (g/L for heavy 
metals) and. printed. Phase densities, phase flow rates, 
temperatures, extraction factors, degree of solvent saturation, 
and maximum solute inventory changes per minute are also 
printed f o r  each stage. A counter (LN%) keeps track of each 
line printed and printer paper is advanced as appropriate, The 
Subprogram then ends. 

Phase densities are 

PRTTH : 
5910-6770 Subprogram PRTTH provides a bard-copy printout of results for a 

given modeling problem. The index TCONC% is set at 1 indicat- 
ing that solute-free units will be converted to molar units. 
Solute concentrations and phase flow rates in the mixers for 
the current time increment being printed are converted to molar 
units through the M O U L T  Subprogram. Phase densities are not 
calculated. Extraction factors for each transferring solute 
are calculated and molar concentrations in each stage are con- 
verted to units appropriate for the printout (g/L for heavy 
metals) and printed. Phase flow rates, temperatures, 
extraction factors, degree of solvent saturation, and maximum 
solute inventory changes per minute are printed for each stage. 
A counter (LN%) keeps track of each line printed and printer 
paper is advanced as appropriate. The Subprogram then ends. 

D.8 Listing of the Print  subprograms (PRTPU and BRTTE) 

4980 
4990 

5000 
5010 
5020 
5030 

5040 
5050 
5060 
5070 
5075 

5080 
5090 
5100 
5110 

SUB PRTPU 'Prints the results for Purex. 
SHARED NTOST%, CTBP, NEWOUT%, SPH, IFAST%, IRXN%, DTHETA, IVOLM%, 
IVOLS%, IPRO%, TEMPI, ISOL5%, NSTR%, IS!€'R%, JSTR%, IPROCE%, LN%, V%, 

SHARED TPROF ( ) , ATS ( ) , OTS ( ) 
SHARED WET() , ONETO , AT() , OT() 
SHARED XFD(), YFD(), AFDRTO, OFDRTO, AFDTEMO, OFDTEMO, ALVRT(), 
OLVRT ( ) 
SHARED A Q O ,  ORGO, TEMP, CONVA, CONVO, TCONC% 
SHARED ADEN(), ODENO, AOUTO, OOUTO, EXTl(), EXT20, EXT30, TSATO 
GOSUB 5720 'To set up mrex aqueous results chart 
TCONC% = 1 
SOLDEN = lOOO! * (CTBP * 266.32 / 273.6 + (l! - CTBP) * 170.34 / 
227.5) 
FOR I% = 1 TO NTOST% 

PQS, QQS, RSr RRS, T, CODUMOr COIXJ'MMO 

SHARED X O  r Y O  r X S O  r YSO 

IF LN% < 55 THEN 5110 
LPRINT CHRS(12); : LN% = 0: GOSUB 5720 
FOR J% = 1 TO V% 
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5120 
5130 
5140 
5150 
5160 
5170 
5180 
5190 

5200 
5210 
5220 
5230 
5240 
5250 
5260 
5270 
5280 
5290 
5300 
5310 
5320 

AQ(J%) = X ( J % ,  I%, 2) 
NEXT J% 
FOR J% = 1 TO 3 

NEXT J% 
TEMP = TPROF(I%, 2) 
CALL MOLALP 'The MOLALP Subprogram is called here. 
ADEN(I%) = (997.07 + 394.04 * AQ(2) + 492.02 * (AQ(3) + AQ(4)) + 
63.01 * AQ(1) + 213.1 * AQ(6)) / (lOOO! + 72.4 * AQ(2) + 130! * 
(AQ(3) + AQ(4)) + 30.9 * AQ(1) + 31! * AQ(6)) 
AOUT(I%) = AT(I%) * CONVA: OOUT(I%) = OT(I%) * CONVO 
FOR J% = 1 TO V% 

NEXT J% 
FOR J% = 1 TO 3 

NEXT J% 
X(2, I%, 2) = X(2, I%, 2) * 238!: X(3, I%, 2) = X(3, I%, 2) * 239! 
X(4, I%, 2) = X(4, I%, 2) * 239! 
LPRINT USING # # #  I d ;  1%; 
FOR J% = 1 TO V% 

NEXT J% 

ORG(J%) = Y(J%, I%, 2) 

X ( J % ,  I%, 2 )  = AQ(J%) / CONVA 

Y(J%, I%, 2) = ORG(J%) / CONVO 

LPRINT USING QQS; X(J%, I%, 2 ) ;  

5330 LPRINT USING QQ$; ADEN(I%); AOUT(I%); : LPRINT USING RR$; TPROF(I%, 
2) 

5340 IF ABS(ALVRT(I%)) < .000001 THEN 5390 
5350 PROFM = CONVA * ALVRT(I%) 
5360 LPRINT USING I t  # # #  , I ;  1%; 
5370 LPRINT PRODUCT STREAM"; SPACES(74) ; 
5380 LPRINT USING QQ$; PROFLO: LN% = LN% + 1 
5390 LN% = LN% + 1 
5400 NEXT 1% 
5410 IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOT0 5430 
5420 LPRINT CHRS(12) ; : LN% = 0 
5430 GOSUB 5790 'To set up Purex organic resu l t s  chart  
5440 FOR I% = 1 TO NTOST% 
5450 IF LN% 4 55 THEN 5470 
5460 LPRINT CHRS(12) ; : LN% = 0: GOSUB 5790 
5470 EXTl(I%) = O!: EXT2(I%) = O!: EXT3(I%) = O! 
5480 TSAT(I%) = (2! * Y(2, I%, 2) + 2! * Y(3, I%, 2) + Y(1, I%, 2)) * loo! 
5490 Y ( 2 ,  I%, 2) = Y(2, I%, 2) * 238!: Y(3, I%, 2) = Y(3, I%, 2) * 239! 
5500 IF AOUT(I%) <= .000001 THEN 5560 
5510 EXTl(I%) = OOUT(I%) / AOUT(I%) 
5520 IF X(2, I%, 2) > 1E-10 THEN EXT2(I%) EXTl(I%) * Y(2, I%, 2) / X ( 2 ,  

5530 IF (X(3, I%, 2) + X(4, I%, 2)) > 1E-10 THEN EXT3(I%) = EXTl(I%) * 
5540 IF X(1, I%, 2) > 1E-10 THEN EXTl(I%) = EXTl(I9) * Y(1, I%, 2) / X ( 1 ,  

5550 IF X ( 1 ,  I%, 2) <== 1E-10 THEN EXTl(I%) = O! 
5560 WO = (4.2 - .015 * TEMP) * (CTBP 1.69) * (T - 2! * Y(2, I%, I) - 2! 

/ T  

I%, 2) 

Y(3, I%, 2) / ( X ( 3 ,  I%, 2 )  + X(4, I%, 2 ) )  

I%, 2) 

* Y(3, I%, 1) - .6 * Y(1, I%, 1)) / T 
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5565 ODEN(I%) = (SOLDEN + 18.02 * WO + 394.04 * Y(ar I%, 1) + 492.02 * 
Y(3, I%, 1) + 63.01 * Y ( 1 ,  I%, 1)) / (1000! + 17.4 * WQ + 97! * Y ( 2 ,  
I%, 1) + 139! * Y(3, I%, 1) + 43! * Y(l, I%, 1)) 

5570 IF ABS(OLVRT(I%)) < .000001 THEN 5620 
5580 PROFLO = OLVRT(I%) * OOUT(I%) / QT(I%) 
5590 LPRINT USING l1 # # #  ** ;  1%; 
5600 LPRINT 'I PRODUCT STREAM*': SPACES(73) ; 
5610 LPRINT USING QQ$; PROFW: LN% = LN% + 1 
5620 LPRINT USING 'I # # #  I t ;  1%; 
5630 FOR J% = 1 TO 3 
5640 LPRINT USING QQ$; Y (J%, I%, 2 )  ; 
5650 NEXT J% 
5660 LPRINT USING QQ$; EXT2(I%) ; EXT3(I%) ; EXT1(I%) ; ODEN(I%) ; OOUT(I%) : : 

5670 LN% = LN% + 1 
5680 NEXT I% 
5690 IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOTO 5710 
5700 LPRINT CHRS(12); : LN% = 0 
5910 GOT0 5860 
5720 REM Subroutine to set up Purex aqueous results chart. 
5930 LPRINT AQUEQUS PHASE: 

LPRINT USING RR$; TSAT(I%); : LPRINT USING QQ$; CODUM(I%) 

5740 LPRINT 'I STAGE NITRIC ACID URANIUM PU (IV) PU (111) 

5750 LPRINT I* NO. (MI (g/L) (g/L) (WL) 
REDUCTANT NITRATE ION DENSITY F M W  RATE TEMP" 

(MI (MI (g/mL) (L/min) (C) I* 5760 LPRINT P I  ----- ----------- ---I------- ----------- ----------- I ---------- ---^------- ----------- ------If 

5770 LN% = LN% f 4 
5780 RETURN 
5790 REM Subroutine to set  up Purex organic results chart. 
5800 LPRINT ORGANIC PHASE:" 
5810 LPRINT 18 STAGE NITRIC ACID URANIUM PU (IV) U EXTRACT 

PU EXTRACT H+ EXTRACT DENSITY FLOW RATE TBPSAT 
INVENTORY 

5820 LPRINT It NO. 
FACTOR 

(MI (g/U (WJ) FACTOR 
FACTOR ( s/mL 1 (L/nin) ( % I  CHANGE 

( % I "  5830 LPRINT II I---- --------...-- --q----l--l ----I------ ----------... - ---------- ----------- ----------- -_--l-s---- ------ ---------- - I1  

5840 LN% = LN% + 4 
5850 RETURN 
5860 END SUB 

5910 SUB PRTTH 'Prints the results fo r  Thorex. 
5920 SHARED NTOST%, CTBP, NEWOUT%, SPH, IFAST%, IRXN%, DTHETA, IVOLM%, 

IVOLS%, IPRO%, TEMPI, ISOLE;%, NSTR%, ISTR%, JSTR%, LPROCE%, LN%, V%, 
PQS, QQS, RS, RRS, T, CODUMO, CODVMM() 

5930 SHARED TPROF() , ATSO, OTS() 
5940 SHARED X(), Y o ,  XS(), YS() 
5950 SHARED ANET(), ONETO, AT(), OT() 
5960 SHARED XFD(), YFD(), AFDRT(), OFDRTi), AFDTEMO, OPDTEMO, ALVRTO, 

5970 SHARED AQO, ORGO, TEMP, CONVA, CONVO, TCONC% 
5980 SHARED ADEN(), ODENO, AOUT(), OOUT(), EXTl() , EXT2 ( 1 ,  EXT3 ( ) ,  TSAT() 

OLVRT ( ) 
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5990 TCONC% = 1 
6000 GOSUB 6630 'To set up Thorex aqueous results chart 
6010 FOR 1% = 1 TO NTOST% 
6020 IF LN% < 55 THEN 6040 
6030 LPRINT CHRS(12); : LN% = 0: GOSUB 6630 
6040 FOR J% = 1 TO V% 
6050 AQ(J%) = X(J%, I%, 2) 
6060 NEXT J% 
6070 FOR J% = 1 TO 3 
6080 ORG(J%) = Y(J%, I%, 2) 
6090 NEXT JB 
6100 TEMP = TPROF(I%, 2) 
6110 CALL MOLALT 'The MOLALT Subprogram is called here. 
6120 AOUT(I%) = AT(I%) * CONVA: OOUT(I%) = OT(I%) * C O W 0  
6130 FOR J% = 1 TO V% 
6140 X(J%, I%, 2) = AQ(J%) / CONVA 
6150 NEXT J% 
6160 FOR J% = 1 TO 3 
6170 Y(J%, I%, 2) = ORG(J%) / C O W 0  
6180 NEXT J% 
6190 X(2, I%, 2 )  = X(2, I%, 2) * 238!: X(3, I%, 2) = X(3, I%, 2 )  * 232! 
6200 LPRINT USING I t  # # #  * I ;  1%; 
6210 FOR J% = 1 TO V% 
6220 LPRINT USING QQ$; X(J%, I%, 2); 
6230 NEXT J% 
6240 LPRINT SPACES(38); : LPRINT USING QQ$; AOUT(I%); : LPRINT USING RR$; 

6250 IF ABS(ALVRT(I%)) < .000001 THEN 6290 
6260 PROFLO = CONVA * ALVRT(I%) 
6270 LPRINT USING *' # # #  'I; 1%; : LPRINT I' PRODUCT STREAM"'; 
6280 LPRINT SPACES(74); : LPRINT USING QQ$; PROFLO: LN% = LN% + 1 
6290 LN% = LN% + 1 
6300 NEXT I% 
6310 IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOT0 6330 
6320 LPRINT CHRS(12) ; : LN% = 0 
6330 GOSUB 6700 'To set up Thorex organic results chart 
6340 FOR I% = 1 TO NTOST% 
6350 IF LN% < 55 THEN 6370 
6360 LPRINT CHRS(12); : LN% = 0: GOSUB 6700 
6370 EXTl(I%) = O!: EXT2(I%) = O!: EXT3(1%) = O! 
6380 TSAT(I%) = (2! * Y(2, I%, 2) + 3! * Y(3, I%, 2) + Y ( 1 ,  I%, 2)) loo! 

6390 Y(2, I&, 2) = Y(2, I%, 2) * 238!: Y(3, I%, 2) = Y(3, I%, 2) * 232! 
6400 IF AOUT(I%) <= .000001 THEN 6460 
6410 EXTl(I%) = OOUT(I%) / AOUT(I%) 
6420 IF X(2, I%, 2) > 1E-10 THEN EXT2(I%) EXTl(I%) * Y(2, I%, 2) / X(2, 
6430 IF X(3, I%, 2) > 1E-10 THEN EXT3(I%) = EXTl(I%) * Y(3, I%, 2) / X(3, 

TPROF(I%, 2 )  

/ T  

I%, 2) 

I%, 2) 
6440 IF X ( 1 ,  I%, 2) > 1E-10 THEN EXTl(I%) EXTl(I%) * Y ( 1 ,  I%, 2) / X ( l ,  

I%, 2 )  
6450 IF X ( 1 ,  I%, 2) <= 1E-10 THEN EXTl(I%) = O! 
6460 IF ABS(OLVRT(I%)) C .000001 THEN 6510 
6470 PROFM = OLVRT(I%) * OOUT(I%) / OT(I%) 
6480 LPRINT USING 'I # # #  I!;  1%; 
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6490 
6500 
6510 
6520 
6530 
6540 
6550 

6560 

6570 
6580 
6590 
6600 
6610 
6620 
6630 
6640 
6650 

6660 

6670 

6680 
6690 
6700 
6710 

6720 

6730 

6740 

6750 
6760 
6770 

LPRINT I' PRODUCT STREAMag ; SPACE$ ( 7 3 )  : 
LPRINT USING QQ$; PROFU): LN% = LN% + 1 
LPRINT USING # # #  'I; 1%; 
FOR J% = 1 TO 3 
LPRINT USING QQS: Y ( J % ,  I%, 2 )  : 

NEXT J% 
LPRINT USING QQS; EXT2(I%) : EXT3(I%) : EXT1(1%) : : LPRINT SPACE$(12) : 
: LPRINT USING QQ$; 00UT(I%); : LPRINT USING RR$;  TSAT(I%); : LPRINT 
USING QQ$; CODUM(I%) 
IF Y ( 3 ,  I%, 2 )  > SQR(4.311727E-02 - 3.317647E-05 * (TPROF(I%, 2 )  - 
55.03183)  2! + .36719 * (Y(1 ,  I%, 2 )  - .3455787)  * 2!) * 232! THEN 
6570 ELSE 6580 
LPRINT ***** 3 Phases Possible in the above stage": LN% = LNI + 1 
LN% = LN% + 1 
NEXT I% 
IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOTO 6620 
LPRINT CHRS(12) : : LN% = 0 
GOTO 6770 
REM Subroutine t o  set up Thorex aqueous results chart. 
LPRINT AQUEOUS PHASE:" 
LPRINT STAGE NITRIC ACID URANIUM THORIUM NITRATE ION 
F M W  RATE TEHP" 
LPRINT 'I NO. (MI (g/L) (g/L) (MI 
(L/min) (C) 
LPRINT I I  ----------- ----------- I---------- ----------- 
LN% = LN% + 4 

RETURN 
REM Subroutine to set up Thorex organic results chart. 
LPRINT ORGANIC PHASE (The indication of 3 phases is within a 10% 
tolerance) : Io 

LPRINT I' STAGE NITRIC ACID URANIUM THORIUM U EXTRACT 
TH EXTRACT H+ EXTRACT FLOW RATE TBPSAT 
INVENTORY" 
LPRINT 'I NO. (MI ( W L )  (g/L) FACTOR 
FACTOR FACTOR (L/min) ( % I  CHANGE 
( a ) "  
LPRINT I t  --...-I ----------I ----------- ----------- ----------- .- 

LN% = LN% + 4 
RETURN 
END SUB 

D.9 Conversion Factor Subprograms (HOLALP and MOLALT) 

Statements Description 

MOLALP : 
80- 1 1 0  This Subprogram provides factors for conversions between molar 

and solute-free concentrations ( C O W ) .  If the value of TCONC% 
passed to the Subprogram is -1, the conversion factors 
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Statements Description 

generated will be used to convert from molar to solute-free 
values: if +1 the opposite conversion is to be made. The basis 
f o r  the conversion factors is discussed in Sect. 2.4. 

120- 150 For the case where TCONC% = -1, the terms UOS, PUOS, and HOS 
are developed for use in calculating the term WO, which has to 
do with the solubility of water in the organic phase. 

UOS = T / (2 + 0.092 T) (D. 36) 

PUOS = T / (2 + 0.18 T) (D. 37) 

T [l - 0.00609 (3.95 - 0.0144 TEMP) (CTBP)1*65] 
1 + 0.043 T 

HOS = (D. 3 8 )  

ORG(2) 
WO = (3.95 - 0.0144 T) (CTBP)1.65 1 - - - [ uos 

1 (D.39) 
ORG (3) ORG (1) 

0.65 ~ 

PUOS HOS 
- -  

where T = molar concentration of TBP in the solvent, 
TEMP = solution temperature, ' C ,  
CTBP = volume fraction TBP in the solvent, 
ORG(1) = Organic nitric acid concentration, M, 
ORG(2) = Organic uranium concentration, MI and 
ORG(3) = Organic plutonium concentration, M. 

Program control then transfers to statement 170. 

directly. 
160 For the case where TCONC% = +1, the term WO is calculated 

WO = (4.2 - 0.015 TEMP) (CTSP)1'69 [T - 2 ORG(2) - 
2 ORG(3) - 0.6 ORG(l)] / T (D.40) 

170- 190 The conversion factors COW0 and COMIA are for the organic and 
aqueous phases respectively. They are used as shown below. 

If TCONC% = -1: 
molar units 

cow 
For  flow rates: solute-free units = 

F o r  concentrations: 
solute-free units = (molar units) ( C O W )  
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Statements Description 

If TCONC% = +1: 

For flow rates: molar units = (solute-free units) (COW) 

For concentrations: molar units = 
solute-free units 

C O W  

C O W 0  = [l f TCONC% [0.097 ORG(2) + 0.139 ORG(3) + 
- 

0.043 ORG(1) + 0.0174 W0]ITCoNC% (D.41) 

CONVA = 1 f TCONC% [0.0724 AQ(2) + 0.13 AQ(3) + 

0.0309 AQ(1) f 0.031 AQ(6) (0.42) 
[ 

where AQ(1) = aqueous nitric acid concentration, M, 
AQ(2) = aqueous uranium concentration, M, and 
AQ(3) = aqueous plutonium concentration, M. 

MOLALT : 
5870-5900 No conversion factors have yet been developed for Thorex 

solutions. Consequently, 

CONVA = 1 (D.43) 

cow0 = 1 (D.44) 

D.10 Listing of the conversion Pactor Subprograms (MOLALP and MOLALT) 

80 SUB MOLALP 'Provides molar/molal conversion factors. 
90 SHARED NTOST%, CTBP, NEWOUT%, SPH, IFAST%, IRXN%, DTHETA, IVOLM%, 

IVOLS%, IPRO%, TEMPI, ISOL5%, NSTR%, ISTR%, JSTR%, IPROCE%, LN%, V%, 
PQSr QQSr RS, mS, Tr C O D m O ,  CoDVMMO 

100 SHARED A Q O ,  ORGO, TEMP, CONVA, CONVO, TCONC% 
110 IF TCONC% = 1 THEN 160 
120 UOS = T / (2! + .092 * T): PUOS = T / (2! 9 .18 * T) 
130 HOS = T * (I! - .00609 * (3.95 - .0144 * TEMP) * (CTBP 1-65)) / (l! + 
140 WO = (3.95 - .0144 * TEMP) * (CTBP a 1.55) * (l! - ORG(2) / UOS - 
150 GOT0 170 
160 WO = (4.2 - .015 * TEMP) * (CTBP 1.69) * (T - 2 !  * ORG(2) - 2 !  * 
170 C O W 0  = (l! + TCONC% (-097 * ORG(2) + .139 * ORG(3) i- .043 * ORG(1) + 

180 CONVA = (l! + TCONC% * (7.2400013-02 * AQ(2) + -13 * AQ(3) + -0309 * 

0.043 * T) 
ORG(3) / PUOS - .65 * ORG(1) / HOS) 

ORG(3) - .6 * ORG(1)) / T 
0.0174 * WO)) A TCONC% 

AQ(1) + -031 * AQ(6))) TCONC% 
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190 END SUB 

5870 SUB MOLALT 'Provides molar/molal conversion factors. 
5880 SHARED AQ() , ORG() , TEMP, CONVA, CONVO, TCONC& 
5890 CONVA = l!: CONVO = l! 
5900 END SUB 

D.ll Chemical Reaction subprogranrs (MCHEMP and SCHEKP) 

Statements Description 

MCHEMP : 
3410-3500 Chemical reactions occuring in the mixer are considered to take 

place only at the aqueous-phase composition, but the solute in 
the organic phase acts to buffer the aqueous-phase concentra- 
tion. This results from the additional mass transfer that 
occurs to satisfy equilibrium conditions. Three reaction 
mechanisms are available for selection through the Problem 
Definition file, all involve the reduction of Pu(1V) to 
Pu(II1). These mechanisms are discussed in Sect. 2.6. In 
these initial statements, stoichiometric constants are defined 
for the reactions. 

3510-3610 The total amount of solute in the mixer (SOLAMT) is calculated 
from mixer phase volumes and concentrations; a pseudo-volume 
(SOLVOL) is also calculated. The variable RX is set equal to 
the mixer aqueous solute concentration. Program flow is then 
routed to statement 4000 if instantaneous reduction of Pu is 
specified, statement 3860 if Pu reduction by U(IV) is 
specified, or continues to statement 3620 if Pu reduction by 
hydroxylamine nitrate is specified. 

3620-3850 Reduction by hvdroxvlamine nitrate. The assumed reaction is: 

2 NH30H+ + 2 Pu4+ = 2 Pu3+ + N2 + 2 H20 + 4 H+ 

significant. If not, control transfers to statement 4000 for 
an instantaneous reduction. Otherwise, the ratio of Pu(1V) to 
reductant and the total nitrate content are calculated. 

(D. 4 5 )  

3620-3650 A test is made to see if essential solute concentrations are 

3660 The reaction rate constant is calculated using the relationship 
discussed in Sect. 2.6.3. 

3670-3830 The rate equation is integrated by assuming constant acidity 
and nitrate concentration. The proper root of the equation is 
localized by a binary search. 

transferred to statement 4060. 
3840-3850 The amount of reacted solute is calculated and control is 
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Statements Description 

3860-3990 Reduction bv U(IV1. The assumed reaction is: 

2 Pu4+ + U4+ + 2 H20 = 2 Pu3+ + UOz2' -+ 4 H+ (D.46) 

3860-3870 A test is made to see if essential solute concentrations are 
significant. If not, control transfers to statement 4000 for 
an instantaneous reduction. 

3880-3970 The rate equation is integrated assuming a constant nitric acid 
concentration. The rate constant is described in Sect. 2.6.2. 

3980-3990 The amount of reacted solute i s  calculated and control is 
transferred to statement 4060. 

4000-4050 Instantaneous reduction. The assumed reaction is: 

Pu4+ + reductant = Pu3+ (D.47) 

4000-4020 The amount of reacted solute is directly calculated assuming 
instantaneous conversion. 

4030-4050 If the Fast integration technique for mixers is specified, the 
amount of reacted solute is calculated from solute quantities 
entering the mixer rather than solute quantities in inventory. 
Program flow then proceeds to statement 4060. 

4060-4100 The amount and concentration of solute in the mixer is adjusted 
to account for that reacted (but not < 0 ) ,  and the products 
from reactions (FWJTRM) are calculated €or use in the Fast 
integration method fo r  mixers. 

4110 If the Fast integration method is specified, the Subprogram 
ends. Otherwise, program flow proceeds to statement 4120. 

The UCOR Subprogram is called to obtain new distribution 
coefficients resulting from post-reaction solute 
concentrations. Up to 5 trials are allowed for obtaining 
equilibrium conditions. The Subprogram then ends. 

4120-4300 

S CHEMP : 
4310-4450 Chemical reactions occuring in the settler are less complicated 

as no interphase approximations are necessary. Zone 
concentrations determine the extent of reaction. The same 
three reaction mechanisms available in Subprogram MCHEMP are 
available here- In these initial statements, stoichiometric 
constants are defined for the reactions and the array variables 
Rx and RY are set equal to the settler aqueous and organic 
solute concentrations in each zone. 
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Statements Description 

4460 Program flow is routed to statement 4850 if instantaneous 
reduction of Pu is specified, statement 4710 if Pu reduction by 
U(1V) is specified, or continues to statement 4470 if pu 
reduction by hydroxylamine nitrate is specified. 

4470-4500 Beduction by hydroxylamine n m  . This is handled in the 
same manner as for reaction in the mixer. A test is made to 
see if essential solute concentrations are significant. If 
not, control transfers to statement 4850 for an instantaneous 
reduction. Otherwise, the ratio of Pu(IV) to reductant and the 
total nitrate content are calculated. 

4510 The reaction rate constant is calculated using the relationship 
discussed in Sect. 2.6.3. 

4520-4680 The rate equation is integrated by assuming constant acidity 
and nitrate concentration. The proper root of the equation is 
localized by a binary search. 

4690-4700 The amount of reacted solute is calculated and control is 
transferred to statement 4890. 

4710-4720 Reduction bv U(IV). This is handled in the same manner as for 
reaction in the mixer. A test is made to see if essential 
solute concentrations are significant. If not, control 
transfers to statement 4850 for an instantaneous reduction. 

4730-4820 The rate equation is integrated assuming a constant nitric acid 
concentration. The rate constant is described in Sect. 2.6.2. 

4830-4840 The amount of reacted solute is calculated and control is 
transferred to statement 4890. 

4850-4880 Instantaneous reduction. The amount of reacted solute is 
directly calculated assuming instantaneous conversion. Program 
flow then proceeds to statement 4890. 

4890-4970 The concentrations of solute in the settler zones are adjusted 
to account for that reacted (but not < 0 ) ,  and the Subprogram 
ends. 

D.12 Listing of Chemical Reaction Subprograms (MCBEMP and SCHEHP) 

3410 SUB MCHEMP (J%, AQVOL!, ORVOL!) 'Handles chemical reactions in the 
mixers. 
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3420 SHARED NTOST%, CTBP, NEWOUT%, SPH, IFAST%, IRXN%, DTHETA, IVOLM%, 
IVOLS%, IPRO%, TEMPI, ISOL5%, NSTR%, ISTR%, JSTR%, IPROCE%, LN%, V%, 
PQSf QQS, RSt R R S r  Tr CODVMO, CoDLMM() 

3430 SHARED TPROF() , ATSO, OTS() 
3440 SHARED TEMPC, ARY(), DTRY() 
3450 SHARED X(), Y O ,  XSO, YS() 
3460 SHARED RXNTRMO, AIN(), OINO 
3470 DIM RX(6), SOLAMT(6), SOLVOL(6), STOIC(6, 3) 
3480 STOIC(1, 2) = 2!: STOIC(1, 3) = 2 ! :  STOIC(2, 2) = .5: STOIC(3, 1) = - 

l! 
3490 STOIC(3, 2) = -l!: STOIC(3, 3) = -l!: STOIC(4, 1) = l!: STOIC(4, 2 )  = 

l! 
3500 STOIC(4, 3) = l!: STOIC(5, 1) = -l!: STOIC(5, 2) = - . 5 :  STOIC(5, 3) = 

-l! 
3510 FOR I% = 1 TO 3 
3520 SOLAMT(I%) = AQVOL * X(I%, J%, 2 )  + ORVOL * Y ( I % ,  J%, 2) 
3530 SOLVOL(I%) = AQVOL + DTRY(I%) * ORVOL 
3540 =(I%) = X(I%, J%, 2) 
3550 NEXT I% 
3560 FOR I% = 4 TO 6 
3570 SOLAMT(I%) = AQVOL * X(I%, 3 % ,  2) 
3580 SOLVOL(I%) = AQVOL 
3590 =(I%) = X(I%, J%, 2 )  
3600 NEXT I& 
3610 ON IRXN% GOT0 4000, 3860, 3620 

3630 IF RX(1) < 1E-10 OR RX(3) < 1E-10 OR RX(5) < 1E-10 THEN 4000 

3650 TOTNIT = RX(1) + 2!  * RX(2) + 4 !  * R X ( 3 )  + 3! * RX(4) f RX(6) + -33 
3660 RX# = (1.74 * EXP(31000! / 1.987 * (l! / 303-16 - I! / (273-16 f 

3620 REM Reduction by hydroxylamine nitrate. 

3640 FORI.# = SOLAMT(3) / SOLANT(5) 

TPROF(J%, 2))))) * RX(3) * DTHETA * (RX(5) / (RX(1) * RX(1) * TOTNIT)) - 2 !  
3670 IF (l! / FOR1#) < l! THEN E m X  = l! / FORl# ELSE EXTMAX = 
3680 EXTINC# = .25 * EXTMAX: EXTENT# = .5 * EXTMAX: B# = s a W ( 3 )  / 

3690 A# = RX(4) + B#: AA# = A# * A#: BB# = A# * B#: CC# = B# * B# 
3700 FOR I% = 1 TO 25 
3710 A #  = l! / (l! - EXTENT#) 
3720 IF FOR1# > .Ol# THEN 3750 
3730 AMTINT# = AA# * A# * EXTENT# - 2 !  * BB# * M)G(A#) + CC# * EXTENT# 
3750 IF ABS(l# - FOR1#) < .Ol# THEN 3790 
3760 B# = 1# - FORl# * EXTENT#: C #  = 1# / (l# - FOR1#) 

-(FORl# - A# * EXTENT# - FORl# / B# + 2! * e# * FORI# * 3770 -INT#*=B#)) 
LOG (A# 

SOLVOL (4 ) 

3740 GOTO 3800 

AA# * C# * C #  -b 2! * BB# * C# * (FORl# * EXTENT# / S# 

- C# * LOG(A# * B#)) f CC# * EXTENT# / B# 
3780 GOTO 3800 
3790 AMTINT# = AA# * (A# A 3 !  - l!) / 3! - BB# * (A?! 2 !  - l!) + CC# * 
3800 IF AMTINT# > RX# THEN EXTENTl# = EXTENT# - EXTINC# 
3810 IF AMTINT# < RK# THEN EXTENTl# = EXTENT# f EXTINC# 
3820 EXTINC# = EXTINC# / 2 # :  EXDIF# = (EXTENTI# - EXTENT#) / EXTENT#: 

(A# - l!) 

EXTENT# = EXTENTl# 
3825 IF ABS(EXDIF#) < .ooooi# TKEN 3840 
3830 NEXT I% 
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3840 RXNAMT = EXTENT# * SOLAMT(3) 
3850 GOTO 4060 
3860 R E M  Reduction by U(1V). 
3870 IF RX(3) < 1E-10 OR RX(5) < 1E-10 THEN 4000 
3880 W = l! - .5 (6! * DTHETA): WW = 2! * SOwIIT(5) / SOLAMT(3) 
3890 IF W > WW THEN 3910 
3900 IF W <= l! THEN EXTMAX = W: GOTO 3920 ELSE EXTMAX = l!: GOTO 3920 
3910 IF WW <= l! THEN EXTMAX = WW ELSE EXTMAX = l! 
3920 RK = 170! * DTHETA * RX(5): RCU = SOuLMT(3) / (2! * SOLAMT(5)) 
3930 RHO = RX(1) * RX(1): REXP = 1E+30 
3940 IF (RK * (l! - R&)) < (70! * RHO) THEN REXP = EXP(RK * (l! - RCU) / 

RH0 1 
3950 EXTENT = RK / (RK + RHO) 
3960 IF ABS(l! - RCU) > .05 THEN EXTENT = (l! - REXP) / (RCU - REXP) 
3970 IF EXTENT > EXTMAX THEN EXTENT = EXTMAX 
3980 RXNAMT = SOLAMT (3) * EXTENT 
3990 GOTO 4060 
4000 REM Instantaneous reduction. 
4010 W = -SOLAMT(3) / STOIC(3, IRXN%): WW = -SOLAMT(5) / STOIC(5, IRXN%) 
4020 IF W < WW THEN RXNAMT = W ELSE RXNAMT = WW 
4030 IF IFAST% <> 2 THEN 4060 
4040 W -(AIN(3) + OIN(3)) / STOIC(3, IRxN%): WW = -AIN(5) / STOIC(5, 

4050 IF W < WW THEN RXNAMT = DTHETA * W ELSE RXNAMT = DTHETA * WW 
4060 FOR I% = 1 TO 6 
4070 SOLAMT(I%) = SOLAMT(I%) + RXNAMT * STOIC(I%, IRXN%) 
4080 IF SOLAMT(I%) < O! THEN SOLAMT(I%) = O! 
4090 ARY(I%) = SOL,AMT(I%) / SOLVOL(I%): RXNTRM(I%, J%) = RXNAMT * 
4100 NEXT I% 
4110 IF IFAST% = 2 THEN 4300 
4120 FOR ITRY% = 1 TO 5 
4130 ICK% = 0 
4140 CALL UCORPU ‘The UCORPU Subprogram is called here. 
4150 FOR I% = 1 TO 3 
4160 X(I%, J%, 2) = SOLAMT(I%) / (AQVOL + DTRY(I%) * ORVOL) 
4170 IF ABS(X(I%, J%, 2) - ARY(I%)) > (.0001 * X(I%, J%, 2 ) )  THEN ICK% = 

IRXN% ) 

STOIC(I%, IRXN%) / DTHETA 

1 
4180 ARY(I%) = X(I%, J%, 2) 
4190 IF X(I%, J%, 2 )  <= 1E-20 THEN X(I%, J%, 2) = O !  
4200 Y(I%, J%, 2) = X(I%, J%, 2) * DTRY(I%) 
4210 NEXT I% 
4220 FOR I% = 4 TO V% 
4230 X(I%, J%, 2) = SOWT(I%) / AQVOL 
4240 IF ABS(X(I%, J%, 2 )  - ARY(I%)) > (.0001 * X(I%, J%, 2)) THEN ICK% = 

4250 ARY(I%) = X(I%, J%, 2 )  
4260 IF X(I%, J%, 2) <= 1E-20 THEN X(I%, J%, 2 )  = O! 
4270 NEXT I% 
4280 IF ICK% = 0 THEN 4300 
4290 NEXT ITRY% 

1 

4300 END sua 
4310 SUB SCHEMP (J%, AQSVOL!, ORSVOL!) ‘Handles chemical reactions in the 

settlers. 
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4480 
4490 
4500 
4510 

4520 
4530 

4540 
4550 
4560 
4570 
4580 
4590 
4600 
4610 
4620 

4630 
4640 

4650 
4660 
4670 

4675 

4690 
4680 

4320 SHARED NTOST%, CTBP, NEWOUT%, SPH, IFAST%, IRXN%, DTHETA, IVOLM%, 
IVOLS%, IPRO%, TEMPI, ISOL5%, NSTR%, ISTR%, JSTR%, IPROCE%, LN%, V%, 
PQSr QQS, RSr RRS, T, CODUMOr C O D W O  

4330 SHARED TPROF(), ATSO, OTS() 
4340 SHARED X(), Y O ,  XS(), YS() 
4350 DIM RX(6), RY(3), STOICX(6, 3) 
4360 FOR KZ% = 1 TO 3 
4370 FOR I% = 1 TO 6 
4380 =(I%) = XS(J%, KZ%, I%, 2 )  
4390 NEXT I% 
4400 FOR I% = 1 TO 3 
4410 RY(I%) = YS(J%, KZ%, I%, 2 )  
4420 NEXT I% 
4430 STOICX(1, 2) = 2!: STOICX(1, 3) = 2!: STOICX(2, 2 )  = .5: STOICX(3, 1) 

4440 STOICX(3, 2) = -l!: STQICX(3, 3) = -l!: STOICX(4, 1) = l!: STOICX(4, 

4450 STOICX(4, 3) = l!: STOICX(5, 1) = -l!: STOICX(5, 2) = -.5: STQICX(5, 

4460 ON IRXN% GOTO 4850, 4710, 4470 
4470 REM Reduction by hydroxylamine nitrate. 

= -1: 

2 )  = l! 

3 )  = -l! 

IF RX(1) < 1E-10 OR RX(3) < 1E-10 OR RX(5) < 1E-10 THEN 4850 
FOR1# = RX(3) / RX(5) 

. .  
4700 GOTO 4890 
4710 REM Reduction by U(1V). 
4720 IF ~ x ( 3 )  < IE-~O OR ~ x ( 5 )  < ~E-IO THEN 4850 
4730 W = l! - .5 (6! * DTHETA): WW = 2! * RX(5) / RX(3) 
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4740 IF W > WW THEN 4760 
4750 IF W <= l! THEN EXTMAX = W: GOTO 4770 ELSE EXTMAX = l!: GOTO 4770 
4760 IF WW <= l! THEN EXTMAX = WW ELSE EXTMAX = l! 
4770 RK = 170! * DTHETA * RX(5): RCU = RX(3) / ( Z !  * RX(5)) 
4780 RHO = RX(1) * RX(1): REXP = 1E+30 
4790 IF (RK * (l! - RCU)) < (70! * RHO) THEN REXP = EXP(RK * (l! - RCU) / 

4800 EXTENT = RK / (RK + RHO) 
4810 IF ABS(1! - RCU) > . 0 5  THEN EXTENT = (l! - REXP) / (RCU - REXP) 
4820 IF EXTENT > EXTMAX THEN EXTENT = EXTMAX 
4 8 3 0  DELX = RX(3) * EXTENT: DELY = O! 

4850 REM Instantaneous reduction. 
4860 W = -RX(3) / STOICX(3, INN%): WW = -RX(5) / STOICX(5, IRXN%) 
4870 IF W < WW THEN DELX = W ELSE DELX = WW 
4880 DELY = O! 
4890 FOR I% = 1 TO 6 
4900 XS(J%, KZ%, I%, 2 )  = XS(J%, KZ%, I%, 2) + STOICX(I%, IRXN%) * DELX 
4910 IF XS(J%, KZ%, I%, 2) <= 1E-20 THEN XS(J%, KZ%, I%, 2) = O! 
4920 NEXT I% 
4930 FOR I% = 1 TO 3 
4940 IF YS(J%, KZ%, I%, 2) <= 1E-20 THEN YS(J%, XZ%, I%, 2) = O! 
4950 NEXT I% 
4960 NEXT KZ% 
4970 END SUB 

RH0 1 

4840 GOTO 4890 





APPENDIX E 
SECOM. BI---THE "INCLUDE" FILE 

The Main Module (SECALC.BAS) and the Secondary Module (SECAL1.BAS) Basic 
programs are compiled and linked using Microsoft QuickBASIC, Version 4 . 0 ,  
to produce a directly executable file (SECALC.EXE). The following 
"Include" file is required for the linking step. 

E . l  Listing of F i l e  6ECOM.BI (The fi81nclude" File for SECALC) 

DECLARE SUB MOLALP ( )  
DECLARE SUB MOLALT ( )  
DECLARE SUB UCORPU ( )  
DECLARE SUB UCORTH ( )  
DECLARE SUB STAGES (NDIREC%) 
DECLARE SUB MCHEMP (J%, AQVOL! , ORVOL!) 
DECLARE SUB SCHEMP (J%, AQSVOL!, ORSVOL!) 
DECLARE SUB PRTF'U ( )  
DECLARE SUB PRTTH ( )  
COMMON /CONTRl/ NTOST%, CTBP, NEWOUT%, SPH, IFAST%, IRXN%, DTHETA, IVOLFI%, 

IVOLS%, IPRO%, TEMPI, ISOL5%, NSTR&, ISTR%, JSTR%, IPROCE%, LN%, V % ,  
Pa$, QQ$, R $ ,  RRS, T, CODUMO, C O D W O  

COMMON /TEMPS/ TPROFO, ATSO, OTS() 
COMMON /DISTRB/ TEMPC, ARY(), DTRY() 
COMMON /CONCS/ X(), Y O ,  XS() , YS() 
COMMON /FLOWS/ ANETO, ONETO, AT(), OT() 
COMMON /STREAM/ XFD(), YFD(), AFDRT(), OFDRTO, AFDTEMO, OFDTEMO, 

COMMON /VOLS/ AVOLO, OVOLO, ASVOL(), OSVOL() 
COMMON /MOLALC/ AQ(), ORGO, TEMP, CONVA, CONVO, TCONC% 
COMMON /RXNS/ RXNTRMO, AIN(), OIN() 
COMMON /CONTRZ/ ADEN ( ) , ODEN ( ) , AOUT ( ) , OOUT ( ) , EXTl ( ) , EXT2 ( ) , EXT3 ( ) , 

ALVRT ( ) , OLVRT ( ) 

TSAT ( ) 
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APPENDIX F 
SEPRNT. EAS---THE PROBLEM PRINTING PROGRAM 

10 

20 
30 
40 
50 
60 
70 
80 
90  

REM PROGRAM SEPRNT -- Solvent Extraction Process Having Interacting 
Solutes -- Printing of Problem Final Result 
REM $DYNAMIC 
WIDTH *qscrn:18, 80 
SCREEN 0, 1, 0, 0 
KEY OFF: CLS 
R1% = 1: C1% = 1: R2% = 23: C2% = 79: GOSUB 2970 'To draw double box 
R1% = 10: C1% = 25: R2% = 14: C2% = 55: GOSUB 3110 'To draw single box 
FOR I% = 1 TO 24 
LOCATE 10, 1%: PRINT CHR$ ( 1 9 6 )  ; 

100 NEXT I% 
110 FOR I% = 56 TO 78 
120 LOCATE 10, 1%: PRINT CHRS(196); 
130 NEXT I% 
140 LOCATE 10, 1: PRINT CHRS(199); 
150 LOCATE 10, 25: PRINT CHRS(194); 
160 LOCATE 10, 55: PRINT CHRS(194); 
170 LOCATE 10, 79: PRINT CHRS(182); : COLOR 0, 7 

190 LOCATE 4, 31: PRINT *Version 2.11 (1990)"; 
200 LOCATE 6, 13: PRINT **A Solvent Extraction Process Having Interacting 

210 LOCATE 8 ,  17: PRINT "For Uranium, Plutonium, Thorium, and Nitric Acid": 
220 LOCATE 9, 16: PRINT HMass Transfer in Purex- or Thorex-type 

230 LOCATE 11, 34: PRINT "W.S. Groenier"; 
240 LOCATE 12, 30: PRINT "Fuel Recycle Division"; 
250 LOCATE 13, 26: PRINT "Oak Ridge National Laboratory"; : COLOR 0, 7 
260 LOCATE 17, 26: PRINT 'I*** PROBLEM PRINTING ONLY ****I; : COLOR 7, 0 
265 LOCATE 19, 17: PRINT "Problem Definition and Results files are needed"; 
266 LOCATE 20, 20: PRINT "Choose the location for these files below"; 
270 LOCATE 24, 1: INPUT : "DO you want to continue (Y/N)? 'I, REPLY$ 
280 IF REPLY$ <> "Y'l THEN CLS : GOT0 2670 
290 LOCATE 2 4 ,  1: PRINT SPACES(79); : LOCATE 2 4 ,  1 
295 INPUT ; Will the files be on a diskette (Y/N)? ' I ,  REPLY$ 

297 LOCATE 24, 1: PRINT SPACES(79): : LOCATE 24, 1 
300 PRINT "Insert diskette -- Press any key to continue.'I; 
310 K$ = INKEYS: IF K$ = IIII THEN 310 
320 LOCATE 24, 1: PRINT SPACES(79); : LOCATE 25, 1: PRINT SPACES(79); : 

330 PRINT "Enter Drive (Path) and FILENAME of Problem Definition data 

335 LOCATE 25, 1: INPUT : "Make your entry here. I * ,  DATFILlS 

1.80 LOCATE 3 ,  29: PRINT "PC - S E P H I S - MOD4"; : COLOR 7 ,  0 

Solutesst ; 

flow sheet^^^ ; 

296 IF REPLY$ <> "Yll THEN 320 

LOCATE 24, 1 

file. : 

1 6 7  
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340 LOCATE 24, 1: PRINT SPACES(79); : LOCATE 25, 1: PRINT SPACES(79); : 

350 PRINT "Enter Drive (Path) and FILENAME of Problem Results data file."; 
354 LOCATE 25, 1: INPUT ; "Make your entry here. ' I ,  DATFIL2$ 
355 DATFILlS = DATFILl$ + ll.DAT1l 
356 DATFILZS = DATFILZS i- ".DAT" 
360 CLS : P$ = a ' # # # . # o ' :  Q$ = ' s # # # # . # # i Q :  PP$ = " # # # . # # " :  PQ$ = 

LOCATE 24 , 1 

# # . # # ^ - - * " :  R$ = 11 # # # . # " :  RR$ = 'I # # # . # " :  QQ$ = 'I # # .  # # - - - - I t :  

PPPS = " # # # .  # # # # "  
380 ON ERROR GOTO 3670 
390 OPEN DATFILlS FOR INPUT AS #1 
400 OPEN DATFILZS FOR INPUT AS # 2  
410 LOCATE 15, 1: PRINT "Have printer ON and READY -- Then press any key."; 
420 K$ = INKEY$: IF K$ = @In1 THEN 420 
430 CIS 
440 ON ERROR GOTO 3760: LPRINT CHRS(15); 
450 WIDTH 'llptl:ltf 135 
460 INPUT #1, DATl$, TIMlS 
470 INPUT #1, TITLE$, NTOST%, CTBP, TEMPI, NSTR%, ISTR%, JSTR%, IRXN%, 

IPROCE%, DTHETA, DPRINT%, TSTOP%, TOL, NEWOUT%, I V O L N % ,  I V O L S % ,  IPRO%, 
IFAST% 

TPROF(NTOST%), EXTl(NTOST%), EXT2(NTOST%), EXT3(NTOST%), ODEN(NTOST%), 
OOUT(NTOST%), TSAT(NTOST%), CODUM(NTOST%) 

480 DIM CON(6), X(6, NTOST%), Y ( 3 ,  NTOST%), ADEN(NTOST%), AOUT(NTOST%), 

490  LPRINT "PROBLEM DEFINITION DATA FOR SEPHIS MOD4, Ver. 2.11:": 

500 LPRINT : LPRINT )1 Problem: I!; TITLE$ 
510 LPRINT 
520 IF IPROCE% = 0 THEN LPRlNT SPACE$(I.O) : "PUREX PROCESS." 
530 IF IPROCE% = 1 THEN LPRINT SPACE$(10); "THOREX PROCESS.'' 
540 LPRINT SPACE$(lO) ; llTotal stages: It;  NTOST% 
550 LPRINT SPACES(10); Volume % TBP in solvent: It;  : LPRINT USING P$; 

560 LPRINT SPACE$(lO) ; "Initial or default temperature ( ' I :  CHRS(248) ; 'IC) : 

SPACE$ (63) ; DATl$; ; TIMlS 

CTBP * lOO! 
11 . 

570 L~RINT USING PS; TEMPI 
580 IF NSTR% = 0 THEN LPRINT SPACE$(lO); "NO unusual stage connections" 
590 IF NSTR% = 1 THEN LPRINT SPACE$(10); "Organic taken from stage ' I ;  

ISTR%; feeds stage JSTR%; II.8@ 

600 IF IPROCE% = 1 THEN 660 
610 ON (IRXN% + 1) GOTO 620, 630, 640, 650 
620 LPRINT SPACES(10); "NO Plutonium reaction.": GOTO 660 
630 LPRINT SPACE$ (10) ; **Instantaneous reduction of Pu (IV) . : GOTO 660 
640 LPRINT SPACES(10); 18Reduction of Pu(1V) by U(1V) .@I: GOTO 660 
650 LPRINT SPACES(10); "Reduction of Pu(1V) by hydroxylamine nitrate." 
660 LPRINT SPACES(10); IOMinutes per time increment: Io; : LPRINT USING Q$; 

670 LPRINT SPACE$(lO): "Minutes between printing of the concentration 

680 LPRINT SPACE$ (10) ; "Calculations will stop after : 
690 LPRINT USING l s # # # # l l :  TSTOP%; 
700 LPRINT minutes OK when a tolerance of 
710 LPRINT USING PPP$; TOL; 
720 LPRINT % per minute is reached-81 

DTHETA 

profile: I O ;  : LPRINT USING * ' # # # # ' I :  DPRINT% 

730 ON IVOLM% GOTO 740, 750, 760 
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740 LPRINT SPACES(10); "Mixer volumes are defined for each phase.": GOTO 
770 

750 LPRINT SPACES(10); IITotal mixer volumes are defined (phase ratios = 
flow ratios) .I8: GOTO 770 

760 LPRINT SPACE$ (10) ; "Mixer volumes = (phase flow) (unit time) .I1 
770 ON IVOLS% GOTO 780, 790, 800 
780 LPRINT SPACE$(10); "Settler volumes are defined for each phase.": GOTO 

790 LPRINT SPACES(10); "Total settler volumes are defined (phase ratios = 

800 LPRINT SPACE$ (10) ; "Settler volumes = (phase flow) (unit time) . 'I 
810 ON (IPRO% + 1) GOTO 820, 830, 840 
820 LPRINT SPACES(10); "Initial concentration profile is zero.": GOTO 850 
830 LPRINT SPACES(10); "Initial concentration profile is defined.": GOTO 

840 LPRINT SPACE$(lO); "Initial concentration profile is from a previous 

850 ON (IFAST% + 1) GOTO 860, 870, 880 
860 LPRXNT SPACES(10); "Runge-Kutta integration will be used.": GOTO 890 
870 LPRINT SPACES(10); "Trapezoidal integration will be used.": GOTO 890 
8 8 0  LPRINT SPACES(10); "Fast integration will be used." 
890 IF NEWOUT% = 0 THEN LPRINT SPACES(10); "No extra product streams.81 
900 IF NEWOUT% = 1 THEN LPRINT SPACE$(lO); "Extra product stream(S)." 
910 LPRINT : LPRINT SPACE$(lO); "The FILESPEC for this Problem Definition 

920 LPRINT SPACE$(lO); "The FILESPEC for this Problem Results data file is: 

930 LPRINT "FEED AND PRODUCT STREAM DATA:" 
940 LN% = 23 
950 IF IPROCE% = 0 THEN GOSUB 3250 'To set up Purex feed & product chart 
960 IF IPROCE% = 1 THEN GOSUB 3310 'To set up Thorex feed & product chart 
970 INPUT #1, NST%, JHAS%, FDRT 
980 IF JHAS% = 0 THEN V% = 3 ELSE IF IPROCE% = 0 THEN V% = 6 ELSE V% = 4 
990 FOR I% = 1 TO V% 
1000 INPUT #1, CON(I%) 
1010 NEXT I% 
1020 INPUT #1, TEMP, INDEX% 
1030 IF JHAS% = 1 THEN LPRINT SPACES(8): "AQUEOUS 'I; 
1040 IF JHAS% = 0 THEN LPRINT SPACES(4); : LPRINT USING P$; CTBP * loo!; : 

1050 LPRINT USING ' * # # # " ;  NST%; 
1060 FOR I% = 1 TO V% 
1070 LPRINT USING PQ$; CON(I%) ; 
1080 NEXT I% 
1090 IF V% = 3 THEN LPRINT SPACES(42); 
1100 IF V% = 4 THEN LPRINT SPACES(28); 
1110 LPRINT USING PQ$: FDRT; 
1120 LPRINT USING R$; TEMP 
1130 LN% = LN% + 1 
1140 IF INDEX% <> 1 THEN 1170 
1150 IF LN% < 55 THEN 970 
1160 LPRINT CHR$(lZ); : LN% = 0: GOTO 950  
1170 IF NEWOUT% <> 1 THEN 1310 
1180 IF LN% < 55 THEN 1220 
1190 LPRINT CHRS(12); : LN% = 0 

8 10 

flow ratios).": GOTO 810 

850 

problem. (I 

data file is: Is; DATFILl$ 

*I ; DATFIL2 $ : LPRINT 

LPRINT It 8 TBP If; 



1200 
1210 
1220 
1230 
1240 
1250 
1260 

1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 

1360 

1370 
1380 
1390 
1400 

14 10 

1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 

1600 
1610 
1620 
1630 

1640 

1650 

IF IPROCE% = 0 THEN GOSUB 3250 'To set up Purex feed & product chart 
IF IPROCE% = 1 THEN GOSUB 3310 'To set up Thorex feed & product chart 
INPUT #1, NST%, JHAS%, OTRT, INDEX% 
IF JHAS% = 1 THEN LPRINT SPACES(8); 'IAQUEOUS I t ;  

IF JHAS% = 0 THEN LPRINT SPACE$(S) ; "ORGANIC * I ;  

LPRINT USING # # # I '  : NST% : 
LPRINT Product stream removed (actual flow rate to be 
computed) ; 
LPRINT SPACES(22); : LPRINT USING Pa$; OTRT 
IN% = LN% + 1 
IF INDEX% <> 1 THEN 1310 
IF LN% >= 55 THEN 1190 ELSE 1220 
IF IPRO% = 0 THEN 1720 
IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOTO 1340 
LPRINT CHRS(12); : LN% = 0 
LPRINT *IINITIAL AQUEOUS PROFILE DATA:": LN% = LN% + 1 
IF IPROCE% = 0 THEN GOSUB 3370: V% = 6 'To set up Purex aqueaus 
profile chart 
IF IPROCE% = 1 THEN GOSUB 3430: V% = 4 'Ta set up Thorex aqueous 
profile chart 
FOR I% = 1 TO NTOSTS; 
IF LN% < 55 THEN 1420 
LPRINT CHRS(12) : : LN% = 0 
IF IPROCE% = 0 THEN GOSUB 3370 'To set  up Purex aqueous profile 
chart 
IF IPROCE% = 1 THEN GOSUB 3430 'To set up Thorex aqueous profile 
chart 
FOR J% = 1 TO V% 

NEXT J% 
INPUT #1, TEMP 
LPRINT SPACES(16); : LPRXNT USING v 8 # # # # " :  I%; 
FOR J% = 1 TO V% 

NEXT J% 
IF V% = 6 THEN LPRINT SPACES(14); 
IF V% = 4 THEN LPRINT SPACES(42); 
LPRINT USING R$; TEMP 
LN% = LN% + 1 

INPUT #1, CON(J%) 

LPRINT USING Pa$; CON(J%); 

NEXT I% 
IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOTO 1570 
LPRINT CHRS(12); : LN% = 0 
LPRINT llINITIAL ORGANIC PROFILE DATA:": LN% = LN% + 1 
IF IPROCE% = 0 THEN GOSUB 3550 'To set up mrex organic profile chart 
IF IPROCE% = 1 THEN GOSUB 3610 'To set up Thorex organic profile 
chart 
FOR I% = 1 TO NTOST% 
IF LN% < 55 THEN 1650 
LPRINT CHRS(12); : LN% = 0 
IF IPROCE% = 0 THEN GOSUB 3550 'To set up Purex organic profile 
chart 
IF IPROCE% = 1 THEN GOSUB 3610 'To set up Thorex organic profile 
chart 
FOR J% = 1 TO 3 

1660 INPUT #l, CON(J%) 
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1670 NEXT J% 
1680 LPRINT SPACE$(16) ; : LPRINT USING " # # # " ;  1%; 
1690 LPRINT USING PQS; CON(1) ; CON(2) ; CON(3) 
1700 LN% = LN% + 1 
1710 NEXT I% 
1720 IF IVOLM% = 3 THEN 1930 
1730 IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOTO 1750 
1740 LPRINT CHRS(12); : LN% = 0 
1750 LPRINT "PIIXER VOLUME DATA (I,):": LN% = LN% i- 1 
1760 GOSUB 3490 'To set up volume chart 
1770 PX% = 0 
1780 INPUT #1, NST%, VOLA, VOLO, INDEX% 
1790 NS% = NST%: VLA = VOLA: V M  = VOLO: IDEX% = INDEX% 
1800 IF IVOLM% <> 1 THEN 1830 
1810 LPRINT SPACES(16) ; : LPRINT USING " # # # " ;  NS%; 
1820 LPRINT USING PQ$; V U ;  VLO: GOTO 1850 
1830 LPRINT SPACES(16) ; : LPRINT USING " # # # " ;  NS%; 
1840 LPRINT SPACES(28); : LPRINT USING PQ$; VIA 
1850 LN% = LN% + 1 
1860 IF LN% < 55 THEN 1880 
1870 IF NS% = NTOST% THEN 1930 ELSE LPRINT CHRS(12); : LN% -- 0: GOSUB 3490 
1880 IF PX% = 1 THEN 1910 
1890 IF IDEX% <> 1 THEN 1920 
1900 INPUT #1, NST%, VOLA, VOM, INDEX% 
1910 IF NST% = NS% + 1 THEN PX% = 0: GOTO 1790 ELSE NS% = NS% + 1: PX% = 1: 

1920 IF NS% <> NTOST% THEN NS% = NS% + 1: GOTO 1800 
1930 IF IVOLS% = 3 THEN 2140 
1940 IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOTO 1960 
1950 LPRINT CHRS(12) ; : LN% = 0 
1960 LPRINT "SETTLER VOLUME DATA (L) :I1: LN% = LN% + 1 
1970 GOSUB 3490 'To set up volume chart 
1980 PX% = 0 
1990 INPUT #1, NST%, VOLA, VOLO, INDEX% 
2000 NS% = NST%: VLA = VOLA: V M  = V O W :  IDEX% = INDEX% 
2010 IF IVOLS% <> 1 THEN 2040 
2020 LPRINT SPACES(16); : LPRINT USING " # # # " ;  NS%; 
2030 LPRINT USING Po$; V U ;  VM: GOTO 2060 
2040 LPRINT SPACES(16) ; : LPRINT USING 1 q # # # 9 9 ;  NS%: 
2050 LPRINT SPACES(28); : LPRINT USING PQ$; VLA 
2060 LN% = LN% + 1 
2070 IF LN% < 55 THEN 2090 
2080 IF NS% = NTOST% THEN 2140 ELSE LPRINT CHRS(12); : LN% = 0: GOSUB 3490 
2090 IF PX% = 1 THEN 2120 
2100 IF IDEX% <> 1 THEN 2130 
2110 INPUT #1, NST%, VOLA, VOLO, INDEX% 
2120 IF NST% = NS% + 1 THEN PX% = 0: GOTO 2000 ELSE NS% = NS% + 1: PX% = 1: 

2130 IF NS% <> NTOST% THEN NS% = NS% + 1: GOTO 2010 
2140 LPRINT CHRS(l2) ; 
2150 INPUT #2, TITLE$ 
2160 INPUT #2, DAT2$, TIM2$, TOTIME 
2170 LPRINT "PROBLEM RESULTS FOR SEPHIS MOD4, Ver. 2.11:"; SPACES(71); 

GOTO 1800 

GOTO 2010 

DAT2S; I * ;  TIMZS 
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2180 LPRINT : LPRINT l1 Problem: #I; TITLE$: LPRINT : LPRINT '' 
2190 LPRINT : LPRINT "TIME = !I; : LPRINT USING QS; TOTIME; : LPRINT w 

2200 LN% = 5 
2210 IF IPROCE% = 0 THEN GOSUB 2690: V% = 6 'TO set up Purex aqueous 

2220 IF IPROCE% = 1 THEN GOSUB 2760: V% = 4 'TO set up Thorex aqueous 

2230 FOR I% = 1 TO NTOST% 
2240 INPUT #2, 3 % ,  X(1, J%), X(2, J%), X(3, J%), Y(l, J%), Y(2, J%), Y(3, 

(mixer concentrations sh0wn)~1 

MINUTES" 

results chart 

results chart 

J%), X(4, J%), X(5, J%), X(6, J%) , ADEN(J%) , AOWT(J%) , TPROF(J%), 
EXT2 (J%) , EXT3 (J%) , EXTl(J%) , ODEN(J%) , OOWT(J%) , TSAT(J%) , CODUM(J%) 

2250 NEXT I% 
2260 FOR I% = 1 TO NTOST% 
2270 IF LN% < 55 THEN 2310 
2280 LPRINT CHRS(12); : LN% = 0 
2290 IF IPROCE% = 0 THEN GOSUB 2690 'To set up Purex aqueous results 

2300 IF IPROCE% = 1 THEN GOSUB 2760 'To set up Thorex aqueous results 

2310 LPRINT USING # # #  I f ;  I%; 
2320 FOR J% = 1 TO V% 
2330 LPRINT USING QQS; X(J%, 1%) ; 
2340 NEXT J% 
2350 IF IPROCE% = 0 THEN LPRINT USING QQ$; ADEN(I%); AOUT(I%); : LPRINT 

2360 IF IPROCE% = 1 THEN LPRINT SPACES(38); : LPRINT USING QQS; AOUT(I%); 

2370 LN% = LN% f 1 
2380 NEXT I% 
2390 IF LN% < 50 THEN LPRINT : LN% = LN% + 1: GOT0 2410 
2400 LPRINT CHRS(12); : LN% = 0 
2410 IF IPROCE% = 0 THEN GOSUB 2830 'To set up Purex organic results chart 
2420 IF IPROCE% = 1 THEN GOSUB 2900 'To set up Thorex organic results 

2430 FOR I% = 1 TO NTOST% 
2440 IF LN% < 55 THEN 2480 
2450 LPRINT CHRS(12); : LN% = 0 
2460 IF IPROCE% = 0 THEN GOSUB 2830 'To set up Purex organic results 

2470 IF IPROCE% = 1 THEN GOSWB 2900 'To set up Thorex organic results 

2480 LPRINT USING I' # # #  ' I ;  1%; 
2490 FOR 3% = 1 TO 3 
2500 LPRINT USING QQ$; Y(J%, I%); 
2510 NEXT J% 
2520 IF IPROCE% = 0 THEN LPRINT USING QQ$; EXTZ(I%); EXT3(T%); EXTl(I%); 

chart 

chart 

USING RR$; TPROF(I%) 

: LPRINT USING RRS; TPROF(I%) 

chart 

chart 

chart 

ODEN(I8); OOUT(I%); : LPRINT USING RR$; TSAT(I%); : LPRINT USING QQ$; 
CODUM ( 1%) 

2530 IF IPROCE% = 1 THEN LPRINT USING QQS; EXTZ(I%); EXT3(I%); EXT1(I%); : 
LPRINT SPACES(12); : LPRINT USING QQ$; OOUT(I%); : LPRINT USING RR$; 
TSAT(I%); : LPRINT USING QQS; CODUM(I%) 

2540 LN% = LN% + 1 
2550 NEXT I% 
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2560 I F  LN% < 50 THEN LPRINT : LN% = LN% + 1: GOTO 2580 
2570 LPRINT CHRS(12); 
2580 I F  IPROCE% <> 0 THEN 2610 
2590 LPRINT " V a l i d  ranges:l#: LPRINT 0.0 t o  5.0 M H+": LPRINT 

0.0 to 200 gU/Ltl: LPRINT 0.0 t o  100 gPU/L": LPRINT 'I 1 0  t o  
30% TBP": LPRINT 10 to 40"; CHRS(248); "C" 

2600 GOTO 2620 
2610 LPRINT ' I V a l i d  ranges:": LPRINT It 0.0 t o  3.0 M H+": LPRINT I' 

0.0 TO 20.0 gU/L": LPRINT 0.0 t o  150 gTh/L": LPRINT 'I -30% 
TBP": LPRINT 15 t o  70"; CHRS(248); a1C88 

2620  INPUT #2, TIM2$, TIM3$ 
2630 LPRINT : LPRINT "Run Time iS from It; TIM2$: It t o  (I; TIM3$ 
2640 LPRINT CHR$ (12) : 
2650 LPRINT CHRS (18) : 
2660 CLS : CLOSE #1: CLOSE #2 
2670 RUN 9tsephis1t 

2690 REM S u b r o u t i n e  to set up Purex aqueous results chart. 
2700 LPRINT If AQUEOUS PHASE:II 

2680 END 

2710 LPRINT I* STAGE NITRIC ACID URANIUM PU ( IV)  PU ( 1 1 1 )  

2720 LPRINT In NO. (MI (g/L) (g/L) (g /L)  
REDUCTANT NITRATE I O N  DENSITY FLOW RATE TEMP" 

( M I  (MI (g/mL) (L/min) (C) It 27-30 LPRINT II __-__ _ _ _ _ _ _ _ _ _ _ _  ___---_--_- -------_-_- __---______ - 
,--------_ ---__----__ ----I------ ----------- ,,,,...-It 

2740 LN% = LN% + 4 
2750 RETURN 
2760 REM S u b r o u t i n e  t o  se t  up T h o r e x  aqueous r e s u l t s  chart. 
2770 LPRINT AQUEOUS PHASE:" 
2780 LPRINT STAGE NITRIC A C I D  URANIUM THORIUM NITRATE I O N  

FLOW RATE TEMP" 
2790 LPRINT NO. (MI (g/U (g /L)  (MI 

(L/min) ( C ) "  
2800 LPRINT II ___-- _________-_ -__-------- ----------- ----_---_-_ 

----------c ---- ,-tv 

2810 LN% = LN% i 4 
2820 RETURN 
2830 REM S u b r o u t i n e  t o  set  up Purex organic r e s u l t s  char t .  
2 8 4 0  LPRINT If ORGANIC PHASE:" 
2850 LPRINT It STAGE NITRIC ACID URANIUM w ( IV)  U EXTRACT 

W EXTRACT H+ EXTRACT DENSITY FLOW RATE TBPSAT 
INVENTORY la 

2860 LPRINT " NO. (MI (4/L) (g/L) FACTOR 
FACTOR FACTOR ( g / m J 4  (L/min) ( % )  CHANGE 
( % I "  

2870 LPRINT 11 ----- ----------- ------c---- ----------- ----------- - ---------- ----------- ----..------ ----------- ------ -..-------- - II 
2880 LN% = LN% + 4 
2890 RETURN 
2900 REM S u b r o u t i n e  t o  set up T h o r e x  organic r e s u l t s  chart .  
2910 LPRINT ORGANIC PHASE:" 
2920 LPRINT 'I STAGE NITRIC A C I D  URANIUM THORIUM U EXTRACT 

TH EXTRACT H+ EXTRACT FLOW RATE TBPSAT 
INVENTORY 
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(¶/L) FACTOR 
(L/min) ( % I  CKANGE 

2930 LPRINT I' NO. (MI (g/L) 
FACTOR FACTOR 
( % I  " 

2940 LPRINT ti ____- -________m_ --_-------- ----------- ----------- - ---------- ----------- ----------- I-pI-- -e-------- 

- S I  

2950 LN% = LN% + 4 
2960 RETURN 
2970 REM Subroutine to draw a double box. 
2980 FOR I% = R1% + 1 TO R2% - 1 
2990 LOCATE I%, C1%: PRINT CHRS(186); 
3000 LOCATE I%, C2%: PRINT CHRS(186); 
3010 NEXT I% 
3020 FOR J% = C1% + 1 TO C2% - 1 
3030 LOCATE R1%, J%: PRINT CHR$(205); 
3040 LOCATE R2%, J%: PRINT CHRS(205); 
3050 NEXT J% 
3060 LOCATE R1%, C1%: PRINT CHRS(201); 
3070 LOCATE R1%, C2%: PRINT CHRS(187); 
3080 LOCATE R2%, C1%: PRINT CHRS(200); 
3090 LOCATE R2%, C2%: PRINT CHRS(188); 
3100 RETURN 
3110 REM Subroutine to draw a single box. 
3120 FOR I% = R1% + 1 TO R2% - 1 
3130 LOCATE I%, C1%: PRINT CHRS(179); 
3140 LOCATE I%, C2%: PRINT CHRS(179); 
3150 NEXT I% 
3160 FOR J% = C1% + 1 TO C2% - 1 
3170 LOCATE R1%, J%: PRINT CHRS(196); 
3180 LOCATE R2%, J%: PRINT CMRS(196); 
3190 NEXT J% 
3200 LOCATE R1%, C1%: PRINT CHRS(218); 
3210 LOCATE R1%, C2%: PRINT CHRS(191); 
3220 LOCATE R2%, C1%: PRINT CHRS(192); 
3230 LOCATE R2%, C2%: PRINT CHRS(217): 
3240 RETURN 
3250 REM Subroutine to set up chart for Purex feed & product stream data. 
3260 LPRINT SPACES(16); "STAGE NITRIC ACID URANIUM PU (IV) 

3270 LPRINT SPACES(17) ; "NO. (MI (g/L) (g/L) 
PU (111) REDUCTANT NITRATE ION FLOW RATE TEMP'8 

( W L )  (MI (M) (L/min) (C) I' 3280 LPRINT SpACE$(16); lI----* ----------- ----------- ----------I ----------- --------I-_ ----------I ------e---- -,,,..-II 

3290 LN% = LN% + 3 
3300 RETURN 
3310 REM Subroutine to set up chart for Thorex feed & product stream data. 

THORIUM 3320 LPRINT SPACES(16); "STAGE NITRIC ACID URANIUM 

3330 LPRINT SPACE$ (17) ; "NO. ( M I  (g/L) ( W L I  
NITRATE ION FLOW RATE TEMP" 

(MI (L/min) (C9" 3340 LpRINT SpACES(16); II----- ___-_--_oo- ----------- ----------- ----------- ---------I- ---,,,Il 

3350 LN% = LN% f 3 
3360 RETURN 
3370 REM Subroutine to set up Purex aqueous profile chart. 



175 

3380 LPRINT SPACES(16); "STAGE NITRIC ACID URANIUM PU (IV) 

3390 LPRINT SPACE$ (17) ; "NO. ( M I  (g/L) (4/L) 
(9/L) (MI (MI (C) 

PU (111) REDUCTANT NITRATE ION TEMP" 

3400 LPRINT SPACE$(16); It,--,, ----------- ----------- ----------- 
-----e----- ----------- ----------- -- - - - - II 

3410 LsJ% = W% + 3 
3420 RETURN 
3430 REM Subroutine t o  set up Thorex aqueous p r o f i l e  char t .  
3440 LPRINT SPACE$ (16) ; "STAGE NITRIC ACID URANIUM THORIUM 

NITRATE ION TEMP" 
3450 LPRINT SPACE$ (17) ; '*NO. 

(MI 
3460 LPRINT SPACE$(16); II,,,,, -...--------- ----------- ----------- 

------It  

3470 LN% = LN% + 3 
3480 RETURN 
3490 REM Subroutine t o  set up volume chart .  
3500 LPRINT SPACE$ (16) ; "STAGE AQUEOUS ORGAN1 C TOTAL" 
3510 LPRINT SPACE$ (17) ; "NO. VOLUME VOLUME VOLUME" 

3530 LN% = LN$ + 3 
3540 RETURN 
3550 REM Subroutine to set up Purex organic p r o f i l e  chart. 

3520 LPRINT SPACES(16); 11,---- ----------- ----------- - - - - - - - - - - - I #  

3560 LPRINT SPACES(16); "STAGE NITRIC ACID URANIUM PU (IV)" 
3570 LPRINT SPACES (17) ; "NO. (MI (g/L) (g/L) I' 3580 LPRINT SPACES(16); II,,,,, ......--------- ----------- -----------If 

3590 zN% = LN% + 3 
3600 RETURN 
3610 REM Subroutine to set up Thorex organic p r o f i l e  chart .  
3620 LPRINT SPACES(16); nSTAGE NITRIC ACID URANIUM THORIUM" 
3630 WRINT SPACES(17) : ##NO. (MI (g/L) (g/L) I' 
3640 LPRINT SPACE$ (16) ; *I,--,, ----------- ----------- -----------#I 

3650 LN% = LN$ + 3 
3660 RETURN 
3670 REM Error trapping rout ine .  
3690 IF ERR = 64 THEN LOCATE 24, 1: PRINT "Bad f i l e  name"; : GOTO 3730 
3700 IF ERR = 71 THEN LOCATE 24, 1: PRINT "Disk not  ready"; : GOTO 3730 
3710 IF ERR = 53 THEN LOCATE 24, 1: PRINT " F i l e  not  found"; : GOTO 3730 
3720 ON ERROR GOTO 0 
3730 PRINT 'I - Press any key t o  continuet1; 
3740 K$ = INKEYS: IF K$ = ('Ig THEN 3740 
3750 RESUME 290 
3760 REM Error trapping rout ine .  
3780 IF ERR = 24 THEN LOCATE 25, 1: PRINT llYour p r i n t e r  is not  ready"; : 

GOTO 3800 
3790 ON ERROR GOTO 0 
3800 PRINT I' - Check it and press  any key"; 
3810 K$ = INKEY$: I F  K$ = IIII THEN 3810 
3820 LOCATE 25, 1: PRINT SPACES(79); 
3840 RESUME 
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