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,4N INTRODUCTION TO THE CONSEPT P K O G W  FOR CONTROLLER-RUN 
SOLVENT EXTRACTION PROCESS TESTING. 

A .  D. Mitchell 

ABSTRACT 

The CONSEPT program is a new computer model for controller- 
run Eolvent extraction Erocess testing. 
currently be used f o r  the Purex and Thorex processes. Al- 
though CONSEPT was tailored to model centrifugal contactors, 
other t y p e s  of contactors can also be simulated. The major 
features of this program include its provisions for variable 
flow rates and volumes and its implementation of automatic 
process controllers. A listing of the program and instruc- 
tions for its use are presented. 

The program can 

1, INTI<ODUCT I O N  

The CONSEPT program is a new computer model for coatroller-run 
- solvent extraction process testing. 
for testing ideas in the reprocessing of nuclear fuel. The basic con- 

cepts and methods used in the CONSEPT program are similar to those in 

the SEPHIS programs. 3 - 3  

especially useful in certain modeling applications; but due to some very 

specific limitations, the CONSEPT program should  not be viewed as a 

replacement for the SEPHIS-MOD4 program. 

The program was developed as a t o o l  

The new abilities of this program make it 

The CONSEPT program is built on a stage model similar t o  that of the 

SEPHIS-HOD4 program. The differences arise in the specific assumptions 

used t o  limit the stage model. The SEPHIS programs assumed that both 

the flow rates and the volumes were constants set by the user. The 

CONSEPT program calculates the stream flow rates and stage volumes using 

equations that describe their interrelationship. 

The concentrations in the CONSEPT program are calculated i n  a manner 

simllar to that of the SEPHIS-MOD4 program. In SEPHTS-MOD4 the stages are 
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t a i l o r e d  t o  resemble m i x e r - s e t t l e r  s t a g e s  w i t h  e x p l i c i t l y  de f ined  mixers  

and set t lers .  However, t h e  CONSEPT program u s e s  s t a g e s  t h a t  are t a i l o r e d  

t o  ac t  l i k e  c e n t r i f u g a l  c o n t a c t o r s  w i th  i n s t a n t a n e o u s  mixing and phase 

s e p a r a t i o n .  

One of t h e  major f e a t u r e s  of t h e  CONSEP'L' program is  i ts  use  of p ro -  

cess c o n t r o l l e r s .  I n  SEPHIS-MOD4 t h e  f eed  stream v a r i a b l e s  are t r e a t e d  

as c o n s t a n t s ,  b u t  i n  t h e  CONSEPT program, each of  t h e  feed  stream 

v a r i a b l e s  ( i . e . ,  f low rates, c o n c e n t r a t i o n s ,  and tempera tures)  can  b e  

a u t o m a t i c a l l y  and independent ly  c o n t r o l l e d  based on some o t h e r  v a r i a b l e  

i n  t h e  system. These c o n t r o l l - e r s  can  be  employed i n  o p t i m i z a t i o n ,  

f lowshee t  development,  p l a n t  mon i to r ing ,  and sa fegua rds  t e s t i n g .  

I n  adap t ing  t h e  i d e a s  of t h e  SEPHIS-MOD4 program t o  t h e  s t a g e  model 

i n  t h e  CONSEPT program, c e r t a i n  procedures  had t o  be  r e v i s e d  o r  removed. 

Th i s  p r e v e n t s  t h e  u s e  of  t h e  CONSEPT program as a repl-acement t o  t h e  

SEPHIS-MOD4 program f o r  t h e  Purex p rocess .  'In t h e  SEPHIS-MOD4 program 

f o r  t h e  Purex p rocess ,  t h e  convers ion  of u n i t s  from a molar t o  a molal  

b a s i s  w a s  done t o  bypass  t h e  e f f e c t s  of  changes i n  volume due t o  changes 

i n  c o n c e n t r a t i o n .  T h i s  convers ion  does n o t  s e e m  t o  b e  f e a s i . b l c  i n  t h e  

CONSEPT program. The assumption of where and when chemical. e q u i l i b r i u m  

occur s  i s  ve ry  similar f o r  t h e  two programs, h u t  t h e  p r i n t e d  r e s u l t s  f o r  

t h e  SEPHIS program are e q u i l i b r i u m  r e s u l t s ,  whereas t h o s e  of t h e  CONSEPT 

program are n o t  n e c e s s a r i l y  e q u i l i b r i u m  r e s u l t s .  I n  a d d i t i o n ,  t h e  assump- 

t i o n s  made i n  a d a p t i n g  plutonium reduc t ion  r e a c t i o n s  i n  t h e  CONSEPT program 

are  d i f f e r e n t  from t h o s e  made i n  t h e  SEPHIS-MOD4 program, and consequent ly  

t h e  r e s u l t s  d i f f e r .  For t h e s e  r easons  t h e  CONSEPT program i s  n o t  a 

replacement  f o r  t h e  SEPHIS-MOD4 program and should  be used p r i m a r i l y  when 

i t s  extra a b i l i t i e s  are r e q u i r e d .  

The program h a s  been conver ted  t o  use  ST-metric u n i t s .  The on ly  

s i g n i f i c a n t  change involved  changing t h e  t i m e  b a s i s  from minutes  t o  

seconds.  For those  comfor tab le  w i t h  t h e  SEPBIS-MOD4 program, t h i s  w i l . 1  

e n t a i l  a change i n  t h e  r a t i o  of f low ra te  t o  volume and i n  t h e  correspond-  

i n g  t i m e  increment .  
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The CONSEPT program w a s  o r i g i n a l l y  des igned  t o  test solvent extrac- 

t i o n  f lowshee t s  proposed f o r  c e n t r i f u g a l  c o n t a c t o r s  w i t h  process c o n t r o l -  

lers. However, implementat ion of t h e  s t a g e  model i n  t h e  program now 

a l lows  t h e  u s e r  t o  test many i d e a s  i n  a d d i t i o n  t o  those  o r i g i n a l l y  

in tended .  In con junc t ion  w i t h  exper imenta l  t e s t i n g ,  t h e  program should 

become a u s e f u l  a i d  i n  deve loping  f lowshee t s  f o r  n u c l e a r  Fuel r ep rocess ing  



2 .  STAGEWISE IDEAS AND MATHEMATICS I N  THE CONSEPT PROGRAM 

The i d e a s  and mathematics  i n  t h e  CONSEPT program make i t  d i s t i n c t  

from o t h e r  s o l v e n t  ex t r ac t i . on  modeling programs. Although t h e  g e n e r a l  

d e s c r i p t i o n  of t h e  s t a g e s  w i t h  thei.r  a s s o c i a t e d  feed  streams i s  s i m i l a r  

t o  t h a t  of o t h e r  models, t h e  u s e  of equa t ions  t o  c a l c u l a t e  changes i n  

f low rates and volumes, and t h e  p a r t i c u l a r  method of c a l c u l a t i n g  concen- 

t r a t i o n s  d i s t i n g u i s h  t h i s  program from i t s  p redecesso r s .  The CONSEPT 

program a l s o  employs au tomat i c  p rocess  c o n t r o l l e r s  on t h e  feed-stream 

v a r i a b l e s  i f  s p e c i f i e d  by t h e  user. 'The c o r r e l - a t i o n  f o r  c a l c u l a l 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  and t h e  mechanics of plutonium r e d u c t i o n  

r e a c t i o n s  are adapted  from t h e  SEPHIS-MOD4 program. The v a r i a b l e s  used 

i n  t h e  equa t ions  are d e f i n e d  i n  Appendix A .  

2 . 1  General  Model of a S tage  

The model o f  a s t a g e  i n  t h e  CONSEPT program i s  subdiv ided  i n t o  t h e  

d e s c r i p t i o n  of f l u i d  f lows through t h e  s t a g e  and t h e  d e s c r i p t i o n  of 

s o l u t e  €lows through t h e  s t a g e .  The d e s c r i p t i o n  of f l u i d  f lows  i s  p r i -  

mar i ly  a volume ba lance  problem where t h e  changes i n  s t a g e  volumes are  

r e g u l a t e d  by the  f low rates i n  t h e  s t a g e .  The d e s c r i p t i o n  of s o l u t e  

f lows  i s  i n  t h e  a p p l i c a t i o n  of uns t eady- s t a t e  m a s s  ba l ances  i n  t h e  s t a g e  

Once one s t a g e  has been d e s c r i b e d ,  i t  i s  easy  t o  group many such s t a g e s  

t o  d e s c r i b e  any d e s i r e d  s o l v e n t  e x t r a c t i o n  system. 

The volumes and f l o w  rates of t h e  two phases  comprise t h e  f lu id - f low 

problem t o  be d e s c r i b e d .  F igu re  1 shows t h e  i d e a l i z e d  s t a g e  ( j )  iised i n  

t h e  d e s c r i p t i o n .  Four streams may e n t e r  each s t a g e :  t h e  aqueous stream 

from t h e  preceding  s t a g e  ( A  ) ,  the o r g a n i c  stream from t h e  succeeding  

s t a g e  (Oj+ l ) ,  t h e  aqueous feed  stream (A .) ,  and the o r g a n i c  feed  stream 

( O f j ) .  

e i t h e r  f low t o  t h e  n e x t  stage o r  leave t h e  system as product  streams. 

Under normal c o n d i t i o n s ,  t h e  p o s i t i o n  of t h e  phase i n t e r f a c e  w i l l  va ry  

between the aqueous volume set  p o i n t  (V ) and Llie t o t a l  s t a g e  volume 

(V,). 

could  be €ound i n  t h e  s t a g e  wi thout  having an aqueous stream f lowing  o u t  

of t h e  s t a g e .  The aqueous volume set  p o i n t  can  be ze ro  i f  t h e  s t a g e  

j -1 

f J  
The aqueous and o r g a n i c  streams which leave t h e  s t a g e  ( A j ,  Oj) 

S 
The aqueous volume se t  p o i n t  i s  t h e  maximum aqueous volume t h a t  
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O R N L - - D W G  7 9 - 5 0 0 R 2  

TOTAL STAGE- 
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AQU EOUS-VOLU ME- 
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A -  -̂ c 

ORGAN IC 
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OVERFLOW COj 1 

AQUEOUS 
UNDERFLOW ( A i  1 

Fig .  1. General  model of volumes and f low rates i n  a s t a g e .  

d r a i n s  comple te ly ;  v a l u e s  g r e a t e r  t h a n  z e r o  i n d i c a t e  that  t h e r e  would bc  

a r e s i d u a l  volume due t o  back-pressure  o r  a t r a p  o r  j a c k l e g  on t h e  aqueous 

underflow. The t o t a l  s t a g e  volume is  t h e  volume up t o  t h e  o r g a n i c  over-  

f l o w  w e i r .  

The so lu t e - f low problem can be v i s u a l i z e d  more e a s i l y  with a group 

of s t a g e s  as shown i n  F ig .  2 .  The s t a g e s  i n  the CONSEPT program are 

a r r anged  so t h a t  t h e  aqueous phase  flows toward h i g h e r  numbered s t a g e s  

wh i l e  t h e  o r g a n i c  phase  f lows  toward lower numbered s t a g e s .  The s o l u t e s  

e n t e r  t h e  system i n  t h e  feed  streams ( i d e n t i f i e d  by the s u b s c r i p t  E ) .  

The f eed  streams are combined with streams from ne ighbor ing  s t a g e s  i n  

what can b e  c a l l e d  a mixer .  Because t h e  CONSEPT program t r ies  t o  mimic 

c e n t r i f u g a l  c o n t a c t o r s  where t h e  mixing time i s  esserit iaZZy z e r o ,  t h e  

m i x e r  i n  t h e  CONSEPT program has no volume and no r e s i d e n c e  time. It i s  

used on ly  t o  e q u i l i b r a t e  t h e  streams e n t e r i n g  t h e  s t a g e .  The p roduc t s  

O F  t h e  mixer are combined w i t h  t h e  s t a g e  c o n t e n t s  i n  what can  be thought  
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Fig .  2.  A group of s t a g e s  showing i n t e r c o n n e c t i n g  streams. 

of as sett lers.  Except f o r  consider i -ng r e a c t i o n s ,  t h e  aqueous and o r g a n i c  

phases  i n  t h e  settl-er are  k e p t  s e p a r a t e  and t h e  sol-utes a r e  n o t  a l lowed 

t o  change phase.  I n  t h e  case of pl .utonium r e d u c t i o n  r e a c t i o n s ,  the  

organic-phase plutonium(1V) i s  al lowed LO c ross  from t h e  o r g a n i c  t o  t h e  

aqueous p o r t i o n  of t h e  se t t le r .  The p roduc t s  of t h e  se t t le r  l e a v e  the 

s t a g e  and proceed t o  t h e  nex t  mixer ,  o r  l e a v e  t h e  system a s  a product  

stream ( i d e n t i f i e d  by t h e  s u b s c r i p t  p ) .  It should  be noted  t h a t  the 

i n t e r s t a g e  f l o w  rate ( i . e . ,  A .  i n  F ig .  2 )  i s  a c t u a l l y  A - A and A 

is t h e  t o t a l  phase f l o w  r a t e  out  of the s t a g e .  (F igure  2 w a s  s i m p l i f i e d  

for c1ari t :y . )  

J j p j ’  j 
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The feed-stream v a r i a b l e s  i n  t h e  CONSEPT program can be v a r i e d  auto-  

m a t i c a l l y  by use  o f  p r o c e s s  c o n t r o l l e r s .  The c o n t r o l l e r s  can vary  t h e  

s o l u t e  c o n c e n t r a t i o n s ,  t e tnpe ra tu res ,  and f low r a t e s  of the  feed s t r eams .  

The v a r i a b l e  monitored by t h e  c o n t r o l l e r  can be any  c o n c e n t r a t i o n ,  t e m -  

p e r a t u r e ,  f low rate ,  volume, o r  d e n s i t y  i n  t h e  system. The c o n t r o l l e r  

can use  e i t h e r  three-mode o r  on/off c o n t r o l l i n g  schemes. Feed-stream 

v a r i a b l e s  can a l s o  be c o n s t a n t s  ( n o n c o n t s o l l e d ) .  

2.2 Mathematical  Model of Mass Balances i n  a Stage  

The general. d e s c r i p t i o n  of  a s t a g e  i n d i c a t e s  how t h e  separate compo- 

n e n t s  f i t  i n t o  t h e  o v e r a l l  scheme. However, t h e  computer must  be g iven  

e q u a t i o n s  w i t h  which t o  work. I n  t h i s  case, volume and m a s s  b a l a n c e s  

must be  w r i t t e n  f o r  t h e  f l u i d - f l o w  and so lu t e - f low problems. It should 

be  noted  t h a t  t h e  fo l lowing  mass b a l a n c e s  n e g l e c t  t h e  product  streams. 

The product  streams c o n s t i t u t e  a c o n s t a n t  t e r m  s u b t r a c t e d  from t h e  flow 

rate a r r i v i n g  from t h e  p reced ing  o r  succeeding  s t a g e s  (A 

and t h e y  are t r e a t e d  as such by t h e  prograin. 

u r  Oj+,-) ,  j -1 

The d i f f e r e n t i a l  volume b a l a n c e s  f o r  each phase d e s c r i b e  how t h e  

volumes depend on t h e  flows. For t h e  aqueous phase  

dV 
A - z A  + A  - A  , 

d t  j-1 f j  j 

o r  t h e  rate of change of  t h e  volume i s  equal t o  t h e  d i f f e r e n c e  between 

t h e  f l o w  rates of t h e  streams e n t e r i n g  t h e  s t a g e  and t h e  flow rate of 

t h e  stream l e a v i n g  t h e  s t a g e .  Similarly f o r  t h e  o r g a n i c  phase,  

dV .A = - t - 0  - 0  . d t  O j + l  f j  j 

Assuming t h a t  t h e  f low rates i n t o  t h e  s t a g e  are g iven ,  t h e  on ly  varikbles 

remaining are A and 0 . .  These are  d e s c r i b e d  by 
j J 

and 
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These equa t ions  assume t h a t  t h e  aqueous f low ra te  o u t  of  t h e  s t a g e  i s  pro- 

p o r t i o n a l  t o  t h e  aqueous volume i n  excess of t h e  s e t - p o i n t  volume, and t-he 

o r g a n i c  f low rate  o u t  of t h e  s t a g e  .is p r o p o r t i o n a l  t o  t h e  o r g a n i c  volume 

over  t h e  over f low w e i r .  The program imposes o t h e r  r e s t r i c t i o n s ,  namely: 

Va j  5 0 . 9 5  VTj ; (5) 

These r e s t r i c t i o n s  d e r i v e  from t h e  mathematical  requi rements  of  t h e  

program and from p r a c t i c a l  l i m i t a t i o n s  on t h e  system. The r e s t r i c t i o n  

i n  Eq. (5) keeps t h e  aqueous level  from going above t h e  over f low w e i r .  

Although t h e  program would n o t  a l l o w  an  aqueous stream t o  f low ove r  t h e  

w e i r ,  t he  l a r g e  aqueous volume would produce problems i n  Eq. ( 4 ) .  I f  

t h e  r e s t r i c t i o n  i n  E q .  (5) w e r e  removed, t h c r c  could conce ivably  be  a 

c a l c u l a t e d  o r g a n i c  f low o u t  of a s t a g e  [from Eq. ( 4 ) ]  without any 

o rgan ic  be ing  p r e s e n t  i n  t h e  s t a g e .  The f a c t o r  of  0.95 was chosen 

a r b i t r a r i l y .  Equat ions  ( 6 )  and ( 7 )  are used t o  p reven t  d i v i s i o n  by 

ze ro  and n e g a t i v e  f low rates. Equat ions  (8) and (9) res t r ic t  t h e  f low 

rate  t o  non-negat ive v a l u e s .  A n e g a t i v e  f low rate  would mean t h a t  a 

stream w a s  f lowing  i n  Lhe wrong d i r e c t i o n ,  and t h e  m a s s  b a l a n c e s  i n  t h e  

program are n o t  des igned  t o  handle  such a stream. 

Cons ider ing  t h e  aqueous phase ,  Eq. ( 3 )  i s  s u b s t i t u t e d  i n t o  Eq.  (1.) 

g i v i n g  

dV 
P a L + k . V  = A  + A  + k . V  . d t  a j  a j  j-1 f j  aj S j  

T h i s  i s  a f i r s t - o r d e r  l i n e a r  d i f f e r e n t i a l  e q u a t i o n ,  and the  s o l u t i o n  t o  

t h e  g e n e r a l  case i s  of the f o r m  
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The program u s e s  a n  i n t e g r a t e d  form of E q .  (ll), which e x p l i c i t l y  d e f i n e s  

t h e  new aqueous volume i n  t e r m s  of t h e  p r e v i o u s  volume and t h e  parameters  

i n  Eq. (11). The i n t e g r a t i o n  of Eq. (11) is over  one t i m e  i n t e r v a l ,  A t ;  

V and k are t r e a t e d  as c o n s t a n t s ,  bu t  A and A are assumed t o  

va ry  l i n e a r l y  ove r  t h e  t i m e  increment A t .  
f o r  t h e  g e n e r a l  c a s e  of Eq. (11) ,  f o r  t h e  s p e c i a l  case V a j  - .: V S j '  and f o r  

t h e  t r a n s i t i o n  case. The equations f o r  t h e  o r g a n i c  phase are  t r e a t e d  

s i m i l a r l y .  The accu racy  of t h e s e  methods is  d i s c u s s e d  i n  S e c t .  4 .  

S j a j  j -1 f j  
The i n t e g r a t i o n  i s  performed 

The c a l c u l a t i o n  of f l o w  rates and volumes i s  followed by t h e  ca lcu-  

l a t i o n  of c o n c e n t r a t i o n s ,  which i s  accomplished i n  two s t e p s .  The streams 

e n t e r i n g  t h e  s t a g e  are e q u i l i b r a t e d  i n  t h e  mixing zone of  t h e  c o n t a c t o r .  

A f t e r  be ing  e q u i l i b r a t e d ,  t h e  e n t e r i n g  streams are combined w i t h  t h e  con- 

t e n t s  of  t h e  aqueous and o rgan ic  settlers. These settlers are t r e a t e d  

as w e l l - s t i r r e d  t anks  w i t h  t h e  volumes d e f i n e d  above. 

E q u i l i b r a t i o n  of streams e n t e r i n g  t h e  s t a g e  i s  performed by apply- 

i n g  a s t e a d y - s t a t e  mass b a l a n c e ,  Th i s  m a s s  ba l ance  d i c t a t e s  t h a t  t h e  

amount of s o l u t e  l e a v i n g  t h e  mixer i s  e q u i v a l e n t  t o  t h e  amount e n t e r i n g  

t h e  mixer,  o r  

F u r t h e r  r equ i r emen t s  are imposed t h a t  

and 

Omj = 'j+~. 4-0 fj 

To e q u i l i b r a t e  t h e  streams, t h e  aqueous and o r g a n i c  c o n c e n t r a t i o n s  a r e  

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

= Dx . 
Ymj mj 

(1.3) 

( 1 4 )  

The d i s t r i b u t i o n  c o e f f i c i e n t  is  c a l c u l a t e d  as a f u n c t i o n  of t h e  aqueous 

c o n c e n t r a t i o n s ,  t h e  t r i b u t y l  phosphate  (TBP) c o n t e n t  o f  t h e  o r g a n i c  phase,  

and t h e  t empera tu re .  The t empera tu re  i n  t h i s  case is  c a l c u l a t e d  by a 

s imple  h e a t  b a l a n c e  
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wi th  c o n s i d e r a t i o n  g iven  t o  t h e  d i f f e r e n t  s p e c i f i c  h e a t  of the  o rgan ic  

phase.  In E q s .  ( 1 2 )  through (16) t h e  t empera tu res ,  c o n c e n t r a t i o n s ,  and 

f low rates of t h e  streams e n t e r i n g  s t a g e  j are taken  t o  be t h e  average  

of  t h e  v a l u e s  a t  t h e  s t a r t  arid a t  t h e  end of t h e  t i m e  increment .  The 

concent ra t i -ons  s u b s c r i p t e d  by m are  t aken  t o  be  conseant  ove r  t h e  time 

increment .  It should  be noted  t h a t  Eqs. ( 1 2 )  and (15) are n o t  used f o r  

extreme f low r a t i o s  

Amj 1 25 Onlj 

In t h e s e  cases t h e  m a s s  ba l ance  i s  simply 

wi th  a s i m i l a r  e q u a t i o n  f o r  t h e  o r g a n i c  phase.  With extreme f low r a t i o s ,  

u n r e a l i s t i c  s o l u t e  c o n c e n t r a t i o n s  are c a l c u l a t e d  du r ing  t h e  s t a r t - u p  of 

a p rocess .  Th i s  i s  g e n e r a l l y  not  a problem a f t e r  each s t a g e  h a s  an  

adequate  f l o w  of each phase ,  b u t  t h e  r e s t r i c t i o n s  i n  Xqs. (17) and (18) 

were added as a housekeeping measure d u r i n g  s t a r t - u p .  Th i s  completes  

t h e  e q u i l i b r a t i o n  of streams e n t e r i n g  t h e  s t a g e ,  so t h e s e  streams now 

f low t o  t h e  set t lers .  

The e q u i l i b r a t e d  streams are conhined wi th  t h e  c o n t e n t s  of t h e  

se t t le rs  accord ing  t o  a m a s s  ba l ance  f o r  a w e l l - s t i r r e d  tank .  For t h e  

aqueous phase ,  

d (Va . x .  ) 
- __ f A ) X  - A . x .  + G , d t  (Aj - l  f j  m j  j 

o r  t h e  change i.n t h e  amount of a s o l u t e  i n  t h e  s t a g e  i s  e q u a l  t o  the 

d i f f e r e n c e  between t h e  amount f lowing  i n  and t h e  amount f lowing  o u t  of 

t h e  s t a g e ,  w i t h  c o n s i d e r a t i o n  g iven  f o r  any amount genera ted  by r e a c t i o n s  

i.n t h e  s t a g e .  To s i m p l i f y  t h i s  equa t ion ,  t h e  d i f f e r e n t i a l  i s  expanded 

accord ing  t o  
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dVaj 
j d t  ' - j + X  

d (Va. x. dx 

d t  - 'aj d t  

o r  by s u b s t i t u t i n g  from E q .  (1) 

d (Va .x. ) 

d t  

dx . 
- - 2 - t - x  (A f h  - 'aj d t  j j-1 f j  J 

Using a l g e b r a i c  r e l a t i o n s h i p s  on E q s .  ( 2 0 )  and ( 2 2 )  

dx 
- x.) G (Aj-l + A f j 1 (xmj J 

(%I) 

(23)  

I n  t h i s  e q u a t i o n ,  x and G are cons ide red  t o  be c o n s t a n t s  f o r  a time 
m j  

and A are cons ide red  t o  va ry  l i n e a r l y  from t h e  increment ;  V a j ,  Aj-l ,  

s t a r t  of t h e  t i m e  increment  t o  t h e  end o f  i t .  The s o l u t i o n  t o  Eq. ( 2 3 )  

f o r  t h e  g e n e r a l  case i s  

f j  

z = exp[ - IP ( t )  d t ] ( C  -+ SQ(t) e x p [ I P ( t ) d t ]  d t )  , (241  

where 

z = x  - x  , 
m j  j 

and 

The CONSEPT program u s e s  a n  i n t e g r a t e d  fo rm of Eq., ( 2 4 ) .  The 

i n t e g r a t i o n  of Eq.. ( 2 4 )  i s  ove r  one  t i m e  i n t e r v a l ,  A t .  Because of t h e  

complexi ty  o f  t h e  i n t e g r a t i o n ,  c e r t a i n  l i b e r t i e s  were t aken  t o  s i m p l i f y  

t h e  e x p r e s s i o n s  where necessa ry .  The i n t e g r a t i o n  w a s  performed f o r  Lhe 

genera1  case and € o r  a number o f  impor tan t  s p e c i a l  cases, 

e q u a t i o n s  are  used f o r  t h e  o r g a n i c  phase .  T h e  accuracy of  t h e s e  m r t ' r i o d s  

i s  d i s c u s s e d  i n  Sec t .  4 .  

S i m i l a r  

2 . 3  Process  CoritroI. ler Opera t ion  

Implementat ion of p r o c e s s  c o n t r o l l e r s  i s  a major  f e a t u r e  of  the 

CONSEPT program. P r o p e r l y  employed, t h e  p r o c e s s  c o n t r o l l e r s  i n  t h e  pro- 
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gram can a u t o m a t i c a l l y  de te rmine  f lowshee t  c o n d i t i o n s ;  s i m u l a t e  u n i t  

o p e r a t i o n s ;  t r a n s f e r  streams from one p l a c e  t o  ano the r ;  add ,  s u b s t r a c t ,  

m u l t i p l y ,  d i v i d e ;  act  as 1 - i m e r s  or alarms; o r  s imply s i m u l a t e  p rocess  

c o n t r o l l e r s .  The i r  p roper  s p e c i f i c a t i o n  r e q u i r e s  though t fu l  cons idera-  

t i o n  on t h e  p a r t  of t h e  u s e r ,  b u t  t h e i r  p o t e n t i a l  u s e f u l n e s s  should 

war ran t  t h i s  degree  of c o n s i d e r a t i o n .  

The CONSEPT program u s e s  three-mode (PID) and on/of f - type  c o n t r o l -  

lers. In bo th  cases t h e  goa l  i s  t o  c o n t r o l  some p a r t i c u l a r  feed-stream 

v a r i a b l e  based on a c o n t r o l l i n g  scheme and t h e  v a l u e  f o r  a system 

v a r i a b l e  be ing  monitored.  I n  t h e  i n p u t  t o  t h e  program, t h e  u s e r  must 

s p e c i f y  which v a r i a b l e  i s  be ing  c o n t r o l l e d ,  which v a r i a b l e  is  be ing  

monitored,  and t h e  c o n t r o l l i n g  scheme tr:, be  used.  Any number o r  combina- 

t i o n  of t h e s e  p rocess  c o n t r o l l e r s  can be  used ,  anti any v a r i a b l e  i n  t h e  

system can be  monitored.  

2 . 3 . 1  -_l.l._.l_. Three-mode c o n t r o l l e r s  

The c o n t r o l l i n g  scheme f o r  three-mode c o n t r o l l e r s  i s  shown i n  F ig .  3 .  

When t h e  computer e v a l u a t e s  a p rocess  c o n t r o l l e r ,  i.t f i r s t  f i n d s  t h e  v a l u e  

q ~ - -  VALUE OF THE VARIABLE BEING MONITORED 

t -ERROR IN THE MONITORED VARIABLE 

4 c - OUTPUT OF THE CONTROLLER 

C' - VAL-UE FOR THE VARIABLE BEING CONTROLLED 

i - RANDOM NUMBER ( -1  5 r 5 1 )  

C - FINAL VALUE FOR THE CONTROLLED VARIABLE 

Fig .  3 C o n t r o l l i n g  scheme f o r  a three-mode c o n t r o l l e r .  
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o€  the  v a r i a b l e  be ing  moni tored .  Th i s  v a l u c  is  compared wi th  t h e  s e t  p o i n t  

f o r  t h e  monitored v a r i a b l e .  For r e g u l a r  c o n t r o l l e r  o p e r a t i o n ,  t h c  set  

p o i n t  i s  t h e  t a r g e t  v a l u e  f o r  the c o n t r o l l e r .  However, f o r  many c o n t r o l -  

l e r  u s e s ,  t h e  set  point  i s  j u s t  a number to  s u b t r a c t  from t h e  v a l u e  of 

t h e  monitored v a r i a b l e .  S u b t r a c t i n g  t h e  set p o i n t  E r o m  t h e  v a l u e  of t h e  

monitored v a r i a b l e  r e s u l t s  i n  an  e r r o r  in t h e  monitored v a r i a b l e .  T h i s  

e r r o r  i s  used i n  a s t a n d a r d  three-mode c o n t r o l l e r  e q u a t i o n  

c - sc = K [ e  f ( l /Ki)  I e  d t  -t- Kd(de/dt)  1 , (28)  P 

where c i s  the o u t p u t  of t h e  c o n t r o l l e r .  The i n i t i a l  v a l u e  f o r  t h e  i n t e g r a l  

term i n  E q .  (28) is  set t o  zero when t h e  feed  streams are r e i n i t i a l i z e d .  

The v a l u e  f o r  t h e  i n t e g r a l  is approximated as a summation 

+ et A t  . t + A  t 
2 

t e  Lt e d t  ztg0 -------I__ 

The d e r i v a t i v e  t e r m  i s  approximated as 

e - e  
I d e  = t + A t  t 
a t  A t  

( 2 9 )  

The f o u r  c o n s t a n t s  i n  E q .  (28)  are determined by t h e  u s e r .  C o n t r o l l e r s  

g e n e r a l l y  have l i m i t a t i o n s  on t h e i r  o p e r a t i o n  (a v a l v e  may be opened no 

f u r t h e r  t han  as1 t h e  way, nor  c losed  f u r t h e r  than  o f f ) .  Thus t h e  v a l u e  

of c i s  c o n s t r a i n e d  by a minimum and a maximum v a l u e  which must be spcxi -  
f i e d  by t h e  u s e r .  A E t e r  t h e  l i m i t s  have been imposed, some amount of 

n o i s e  o r  an e r r o r  band may b e  a p p l i e d  t o  t h e  v a l u e  of t h e  v a r i a b l e  being 

c o n t r o l l e d .  The s i z e  of the e r r o r  band, N ,  i s  determined by the u s e r .  

T h i s  n o i s e  can b e  viewed e i t h e r  as a degree  of  measurement u n c e r t a i n t y  

o r  as an e r r o r  in v a l v e  placemcnt .  The p o s i t i o n  w i t h i n  t h e  e r r o r  band 

i s  determined by a random number. The n o i s e  i s  a p p l i e d  acco rd ing  t o  

so  t h e  e r r o r  band i s  some f r a c t i o n  of c '  rather t han  an  a b s o l u t e  amount. 

T h e  f i n a l  v a l u e  f o r  t h e  cont ro l - led  v a r i a b l e ,  C, i s  also c o n s t r a i n e d  t o  

be g r e a t e r  t han  z e r o  ( excep t  i n  t h e  case  of t empera tu re ) .  
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2 . 3  - 2  On o f f co nEl-Lc-Ls- 

The c o n t r o l l i n g  scheme f o r  on /of f  c o n t r o l l e r s  i s  shown i n  F ig .  4 .  

A s  f o r  three-mode c o n t r o l l e r s ,  t h e  computer starts by Einding t h e  v a l u e  

of t h e  v a r i a b l e  be ing  monitored.  T h i s  v a l u e  i s  compared wi.th two set  

p o i n t s  ( r e f e r r e d  t o  as upper and lower set p o i n t s ) .  I f  t h e  monitored 

v a l u e  i s  h ighe r  t han  t h e  upper se t  p o i n t ,  t h e  c o n t r o l l e r  t u r n s  t h e  con- 

t r o l l e d  v a r i a b l e  t o  t h e  "on" v a l u e .  I f  the monltored v a l u e  i s  below 

ORNL- DWG 79- 20531 

m -  VALUE OF THE VARl 
I BEING MONITORED. 

f 
1 

r - RANDOM NUMBER 
( - 1  I r l l )  

C -  FINAL VALUE FOR THE 
CONTROLLED VARIABLE. 

Fig .  4 .  C o n t r o l l i n g  scheme f o r  an on/ofE c o n t r o l l e r .  
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t h e  lower s e t  p o i n t ,  t h e  c o n t r o l l e d  v a r i a b l e  i s  tu rned  t.o t h e  " o f f "  valuu.  

If t h e  monitored v a l u e  i s  between t h e  upper and lower set p o i n t s ,  t h e  

c o n t r o l l e d  v a r i a b l e  i s  tu rned  t o  whichever  s t a t e  i t  w a s  a l r e a d y  i n .  

A f t e r  de t e rmin ing  whether  the c o n t r o l l e d  v a r i a b l e  i s  "on" o r  "off  ," t h e  

c o n t r o l l e r  imposes t h e  n o i s e  o r  e r r o r  band i n  t h e  same way as w i t h  the 

three-mode c o n t r o l l e r .  

It should  be  no ted  t h a t  when t h e  monitored v a l u e  is between t h e  

upper and lower set p o i n t s ,  the computer de te rmines  whether  t h e  c o n t r o l l e d  

v a r i a b l e  w a s  "on" o r  ' 'off" by  de te rmining  whether t h e  p rev ious  v a l u e  f o r  

c i s  c l o s e r  t o  c' o r  c '  T h i s  has  consequences on ly  when t h e  n o i s e  

o r  e r r o r  bands for  c' and c '  o v e r l a p .  I n  such  a case, t h e  c o n t r o l l e d  

v a r i a b l e  may swi t ch  between "on" and "off"  when t h e  random number caiises 

C t o  b e  i n  t h e  ove r l app ing  r eg ion .  T h i s  swi.tchFng i s  g e n e r a l l y  an 

unimpor tan t  consequence, and may be a u s e f u l  p rope r ty .  

on o f f '  

on o f f  

2.3 .3  V a r i a b l e s  t h a t  can be  c o n t r o l l e d  or monitored 

To g i v e  t h e  u s e r  a l a r g e  amount of  f l e x i b i l i t y  i n  d e v i s i n g  h i s  

system, every  feed-stream v a r i a b l e  kep t  by t h e  program may b e  c o n t r o l l e d  

independent ly  and s imul t aneous ly .  The feed-stream var iables  k e p t  by  t h e  

program are c o n c e n t r a t i o n s ,  t empera tu re ,  and f low rate .  

An even more e x t e n s i v e  v a r i e t y  o f  v a r i a b l e s  can b e  monitored.  A 

c o n t r o l l e r  can monitor  v a r i a b l e s  d i r e c t l y  o r  i n d i r e c t l y .  The d i r e c t l y  

monitored v a r i a b l e s  i n c l u d e  t h e  Concen t r a t ions ,  t empera tu re ,  o r  f low 

rate  of any f e e d  stream, and t h e  c o n c e n t r a t i o n s ,  t empera tu re ,  f low ra te ,  

d e n s i t y ,  o r  volume of e i t h e r  phase  in any s t a g e  i n  t h e  c o n t a c t o r  bank. 

The f l o w  rate of a s t a g e  in t h i s  case i s  t h e  f l o w  rate o u t  o f  t h e  s t a g e  

(such as A . )  r a t h e r  t han  the f low rate  t o  t h e  next  s t a g e  (Aj - A . ) .  
J PJ 

C e r t a i n  v a r i a b l e s  (such as e l a p s e d  tiuie o r  feed-stream d e n s i t y )  can 

o n l y  be  monitored i n d i r e c t l y  by u s i n g  c a r e f u l  thought  atid s u b t e r f u g e .  

For example, mon i to r ing  e l a p s e d  t i m e  i s  use fu l  i n  s e t t i n g  t i m e r s  f o r  

events such  as a stream t u r n o f f ,  o r  f o r  s e t t i n g  alarms f o r  e v e n t s  such 

as unaccep tab le  product  c o n c e n t r a t i o n s .  What i s  needed i s  a v a r i a b l e  

t h a t  can be s i m p l y  r e l a t e d  to t i m e .  An obvious  chofcr. is volume, L f  a 
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f eed  stream w i t h  a s m a l l  f low rate  is  d i r e c t e d  i n t o  a l a r g e ,  e m p t y  t ank  

(a  s t a g e  used e x c l u s i v e l y  f o r  t h i s  pu rpose ) ,  t h e  accumulated volume i n  

t h e  t ank  w i l l  be  a d i r e c t  measrin.’ of e l a p s e d  t i m e .  The f eed  stream and 

tank combination are e a s i l y  s p e c i f i e d  by p rope r  use of t h e  s t a g e  volume 

parameters. 

Monitoring t h e  d e n s i t y  of a f e e d  stream i s  even easier.  A f e e d  

stream ( i d e n t i c a l  i o  the d e s i r e d  stream) can b e  run  through a s t a g e  

used excl .usively f o r  t h i s  purpose., and t h e  d e n s i t y  of t h e  s o l u t i o n  i n  

t h e  s t a g e  can be monitored. Th i s  w i l l  i n t r o d u c e  a s m a l l  t i m e  de l ay  i n  

t h e  measurement, b u t  that  i s  g e a e r a l l y  unimportant .  Ratios o f  plutoni.um 

t o  heavy m e t a l ,  sums of component c o n c e n t r a t i o n s ,  o r  s t a g e  i n v e n t o r i e s  

can be mon.itored through u s e  of similar, b u t  more complicated,  t r i c k s .  

These i n d i r e c t  measurements when s o  s p e c i f i e d ,  could have been accom- 

modated by s i m p l e  changes i n  t h e  program. However, i t  i s  very  d i f f i c u l t  

t o  know what v a r i a b l e s  would be most d e s i r e d  by t h e  g e n e r a l  u s e r .  I t  i s  

even more d i f f i c u l t  t o  d e v i s e  a g e n e r a l  scheme t o  s p e c i f y ,  for example, 

t h a t  the r e q u i r e d  v a r i a b l e  i s  t h e  r a t i o  of plutonium l e a v i n g  i n  t h e  

product: 170 t h e  plutonium l e a v i n g  i n  t h e  w a s t e .  The u s e r  h a s  t h e  o p t i o n s  

of modifying t h e  program i o  h i s  s p e c i a l  needs ,  o r  c o n t r i v i n g  t o  g e t  t h e  

same in fo rma t ion  by i n d i r e c t  methods o r  c l e v e r  t r i c k s .  S e v e r a l  t r i c k s  

wi th  c o n t r o l l e r s  are d e s c r i b e d  more f u l l y  in S e c t .  7. 

2 .4  D i s t r i b u t i o n  C o e f f i c i k n t s  

The CONSEPT program can current1.y work wi . th  t h e  Purex process o r  t h e  

Thorex p rocess .  For  t h e  most p a r t ,  t h e  c o r r e l a t i o n s  used t o  c a l c u l a t e  

d i s t r i b u t i . o n  c o e f f i c i e n t s  are t h e  same as those  used i n  t h e  SEPBLS-MOD4 

p r o  g r a m .  

For the  Thorcx p rocess  t h e  program c a l c u l a t e s  d i s t r i b u t i o n  c o e f f i c i e n t s  

f o r  uranium, thorium, and n i t r i c  a c i d .  The d i s t r i b u t i o n  c o e f f i c i e n t  f o r  

i n e x t r a c t a b l e  n i t r a t e s  i s  assumed t u  be ze ro .  The c o r r e l a t i o n s  used are 

i d e n t i  c a l  t o  those  i n  t h e  SEPHIS-MOD’k program, and t h e  s t e a d y - s t a t e  r e s u l t s  

should a l s o  bc i d e n t i c a l .  

For t h e  Purex p rocess  t h e  program c a l c u l a t e s  d i s t r i b u t i o n  c o e f f i -  

c i e n t s  f o r  uranium, plutonium, and n i t r i c  a c i d .  The c o e f f i c i e n t s  f o r  
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reduced plutonium, plutonium r e d u c t a n t ,  and i n e x t r a c t a b l e  n i t r a t e s  are  

assumed t o  be  zero .  A c o r r e c t i o n  f o r  t h e  plutonium d i s t r i b u t i o n  

c o e f f i c i e n t  as d e s c r i b e d  by Jub in4  has been added. Because the c o r r e l a -  

t i o n s  i n  t h e  SEPHIS-MOD4 program are i n  t e r m s  of mola l  u n i t s  whereas 

t h o s e  i n  t h e  CONSEPT program are i n  molar  u n i t s ,  t h e  molar  c o n c e n t r a t i o n s  

are conver ted  b e f o r e  us ing  t h e  c o r r e l a t i o n s ,  and The r e s u l t 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  are conver ted  back t o  molar  u n i t s  b e f o r e  they  are used.  

This  method of convers ion  produces s m a l l  d i s c r e p a n c i e s  between t h e  r e s u l t s  

of t h e  CONSEPT program and t h e  SEPWIS-MOD4 program. 

2 .5  Plutonium Reduct ion Reac t ions  

The mechanics of plutonium r e d u c t i o n  are adapted  l a r g e l y  from t h e  

SEPHIS-MOD4 program. The CONSEPT program allows i n s t a n t a n e o u s  r e d u c t i o n ,  

r educ t ion  by uranium(lV),  and r educ t ion  by  hydroxylamine. The r e s u l t s  of 

t h e  two programs d i f f e r  modera te ly ,  and t h i s  d i f f e r e n c e  is  thought  t o  b e  

due t o  two d i f f e r e n c e s  i n  t h e  program. F i r s t ,  i n  t h e  SEPIIIIS-MOD4 program 

t h e  r e a c t i o n  ra te  i s  determined by molal c o n c e n t r a t i o n s ,  whereas i n  t h e  

CONSEPT program t h e  ra te  is  determined by  molar c o n c e n t r a t i o n s .  Th i s  

should  r e s u l t  i n  s m a l l ,  b u t  n o t i c e a b l e ,  d i s c r e p a n c i e s .  

The second d i f f e r e n c e  i s  i n  t h e  method of  f a c t o r i n g  t h e  e x t e n t  of 

r e a c t i o n  i n t o  t h e  amount of s o l u t e  i n i t i a l l y  p r e s e n t .  I n  the SEPWIS-MOD4 

program t h e  e x t e n t  of r e a c t i o n  is def ined  i n  terms of some amount of 

s o l u t e  r eac t ed .  This  amount i s  then  added ( o r  s u b t r a c t e d )  t o  t h e  amount 

of t h a t  s o l u t e  i n  t h e  s t a g e .  I n  t h e  CONSEPT program t h e  e x t e n t  of r e a c t i o n  

i s  conver ted  t o  a ra te  o r  g e n e r a t i o n  term i n  E q .  ( 2 4 ) .  'lliis ra te ,  m u l t i -  

p l i e d  by a weight ing  fact ;or  determined by t h e  m a s s  ba l ance  i n  E q .  ( 2 4 ) ,  

is added ( o r  s u b t r a c t e d )  t o  t h e  c o n c e n t r a t i o n  i n  t h e  s t a g e .  I d e a l l y ,  

t h e s e  two methods shou ld  produce t h e  same r e s u l t s ,  b u t  t h e  d i f f e r e n t  

assumptions and approximarions produce d i s c r e p a n c i e s .  

The d i f f e r e n c e s  between t h e  two programs should  n o t  b e  o v e r s t a t e d .  

They are g e n e r a l l y  small ;  and ,  as o f t e n  happens i n  cases l i k e  t h i s ,  i t  

is  d i f f i c u l t  t o  de te rmine  which method i s  t r u l y  more c o r r e c t .  
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3. OVERVIEW OF THE CALCULATIONAL ROUTINES 

The equa t ions  f o r  t h e  mass ba lances  are o n l y  t h e  f i r s t  h u r d l e  toward 

complet ing a model. of s o l v e n t  e x t r a c t i o n .  These equa t ions  must t hen  be  

f i t  i n t o  a coherent  c a l c u l a t i o n a l  r o u t i n e  so t h a t  eve ry  argument i n  a 

p a r t i - c u l a r  equa t ion  h a s  a p r e v i o u s l y  computed v a l u e  when t h a t  equa t ion  

i s  a p p l i e d .  The c a l c u l a t i o n a l  r o u t i n e  i n  t h e  CONSEPT program i s  p r i m a r i l y  

i n  t h e  STAGES s u b r o u t i n e .  'The s u b r o u t i n e s  f o r  i n p u t  and o u t p u t  are i.mpor- 

t a n t  t o  t h e  program, b u t  t hey  are n o t  complex enough t o  warran t  d i s c u s s i o n .  

The STAGES s u b r o u t i n e  f i r s t  c a l c u l a t e s  t h e  aqueous volumes and f low 

rates by app ly ing  t h e  i n t e g r a t e d  form of Eq. (11) t o  c a l c u l a t e  t h e  volume 

and Eq. (3) t o  c a l c u l a t e  t h e  f low rate .  Equat ion (11.) i n d i c a t e s  t h a t  

t h e  on1.y in fo rma t ion  r e q u i r e d  t o  compute t h e  volume i s  t h e  volume param- 

e te rs  k and V ( c o n s t a n t s  r ead  from t h e  i n p u t  c a r d s ) ,  t h e  feed-stream 

f low r a t e ,  and t h e  f l o w  ra te  from t h e  preceding  s t a g e .  The feed-stream 

f low r a t e  can be  e i t h e r  a c o n s t a n t  read from i n p u t  c a r d s  o r  a c o n t r o l l e d  

v a r i a b l e ,  I n  t h e  case of  a c o n t r o l l e d  v a r i a b l e ,  t h e  program uses  t h e  

v a l u e  from t h e  i n p u t  ca rd  as an i n i t i a l  v a l u e  f o r  t h e  f i r s t  t i m e  increment .  

For a l l  subsequent  increments  , t h e  program uses t h e  p r e v i o u s l y  c a l c u l a t e d  

v a l u e  from t h e  c o n t r o l l e r .  The f low r a t e  from t h e  p reced ing  s t a g e  w a s  

c a l c u l a t e d  immediately b e f o r e  t h i s  s t a g e  w a s  cons idered .  The CONSEPT 

program c a l c u l a t e s  f o r  on ly  one s t a g e  a t  a t i m e ,  s o  when t h e  aqueous 

volumes are be ing  computed, t he  program s tar ts  w i t h  s t a g e  one ,  which has  

no preceding  s t a g e .  A f t e r  s t a g e  one h a s  been e v a l u a t e d ,  t h e  program moves 

t o  s t a g e  two, whose preceding  s - tage  now has a c a l c u l a t e d  v a l u e  f o r  t h e  

f low rate .  

a j S j  

A f t e r  a l l  of t h e  aqueous volumes and flow rates have been computed, 

t h e  o r g a n i c  volumes and f low ra tes  can be  eva lua ted .  The o rgan ic  v a l u e s  

must be computed n E t e r  t h e  aqueous v a l u e s  because of t h e  '].inkage i n  

Eq .  ( 4 ) .  The c a l c u l a t i o n  proceeds  i n  t h e  same manner as f o r  t h e  aqueous 

phase except  t h a t  t h e  r o u t i n e  s ta r t s  w i t h  t h e  l a s t  s t a g e  and moves 

toward t h e  f i r s t  s t a g e .  
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T h i s  completes  t h e  f lu id - f low problem. The f low rates and volumes 

are eva lua ted  f i r s t  because they  do n o t  depend d i r e c t l y  on any o t h e r  

v a r i a b l e s  i n  t h e  system as d e f i n e d  i n  E q s ,  (1) through ( 4 ) .  There m a y  

b e  an i n d i r e c t  dependence when a feed-stream f l o w  rate i s  be ing  con- 

t r o l l e d .  T h i s  i n d i r e c t  dependence is  t aken  i n t o  accoun t ,  but. t h e  e f F e c t  

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

The c a l c u l a t i o n  of c o n c e n t r a t i o n s  and tempera tures  r e q u i r e s  more 

work from t h e  computer. From Eq. (12)  t h e  c o n c e n t r a t i o n  i n  a s t a g e  can 

depend on t h e  c o n c e n t r a t i o n s  i n  b o t h  t h e  p reced ing  and succeeding  

s t a g e s .  Consequent ly ,  a d i r e c t ,  a c c u r a t e  c a l c u l a t i o n ,  as w a s  used w i t h  

t h e  volumes, is  prec luded .  One of  t h e  v a r i a b l e s  w i l l  always b e  s l i g h t l y  

i n  e r r o r  u n l e s s  a v e r y  complex matrix i n v e r s i o n  i s  used.  I n  p r e f e r e n c e  

t o  t h i s  method, t h e  CONSEPT program u s e s  a s h o r t  p r e d i c t o r - c o r r e c t o r  

t y p e  approach.  

The program main ta ins  v a l u e s  f o r  v a r i a b l e s  f o r  two p o i n t s  i n  t i m e ,  

t and t + A t .  When t h e  c o n c e n t r a t i o n s  are be ing  e v a l u a t e d ,  t h e  program 

lacks a value f o r  t h e  succeeding  s t a g e  f o r  t i m e  t f A t .  To bypass  t h i s  

d e f i c i e n c y ,  thcb program makes a rough i r i i t  ial c a l c u l a t i o n  by assuming 

t h a t  t h e  v a l u e s  i t  l a c k s  f o r  time t + A t  have n o t  changed s i g n i f i c a n t l y  

from t h e  v a l u e s  a t  t i m e  t .  A f t e r  t h e  rough c a l c u l a t i o n  has  been com- 
p l e t e d  f o r  a l l  t h e  s t a g e s ,  t h e  procedure  is r e p e a t e d .  However, f o r  the 

second c a l c u l a t i o n ,  t h e  program now h a s  a much b e t t e r  approximation f o r  

t h e  v a l u e s  i t  l acked  i n  t h e  f i r s t  c a l c u l a t i o n .  rhus the program f i r s t  

p r e d i c t s  v a l u e s  i t  l a c k s ,  t hen  i t  c o r r e c t s  i t s  p r e d i c t i o n s  f o r  t h e  

f i n a l  c a l c u l a t i o n .  

With i n  t h i s  p r e d  i c  t o r  -co rr ec t o  r l o o p  i s t h e  ac t ual. co ncen t r a t i on 

c a l c u l a t i o n .  The c a l c u l a t i o n  i s  done i n  t h r e e  d i s t i n c t  s t e p s .  The 

f i r s t  s t e p  i s  a n  i t e r a t i o n  between E q s .  (12) and (15) .  The i t e r a t i o n  

i s  t o  f i n d  a c o n s i s t e n t  set of  d i s t r i b u t i o n   coefficient.^ and aqueous 

c o n c e n t r a t i o n s .  The second s t e p  i s  t h e  p i l r t i a l  a p p l i c a t i o n  of Eq .  (’.?[+). 

T h i s  i n i t i a l  c a l c u l a t i o n  assumes t h a t  the g e n e r a t i o n  t e r m  i s  zero .  

The r e s u l t  i s  t h e  c o n c e n t r a t i o n s  which would be  found i f  t h e r e  were no 

r e a c t i o n s .  These c o n c e n t r a t i o n s  are used t o  determine  the e x t e n t  of  
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r e a c t i o n  i n  t h e  t h i r d  s t e p ,  The e x t e n t  of r e a c t i o n  g i v e s  t h e  f i n a l  t e r m  

i n  E q .  ( 2 4 )  and t h e  f i n a l  c a l c u l a t e d  c o n c e n t r a t i o n s .  

A f t e r  t h e  c o n c e n t r a t i o n s  have been c a l c u l a t e d ,  t h e  program e v a l u a t e s  

t h e  feed-stream c o n t r o l l e r s .  The program scans  through a l l  of t h e  feed- 

s t ream v a r i a b l e s  t o  f i n d  which ones have p r o c e s s  c o n t r o l l e r s .  Upon 

f i n d i n g  one, t h e  program de termines  t h e  new v a l u e  f o r  t h e  c o n t r o l l e d  

v a r i a b l e  depending on t h e  c o n t r o l l e r  scheme used and on t h e  v a l u e  of t h e  

monitored v a r i a b l e .  

A t  t h i s  p o i n t  t h e  program has v a l u e s  f o r  eve ry  v a r i a b l e  a t  t i m e s  t 

and t f A t .  A l l  of t h e s e  v a l u e s  are used t o  check t h e  convergence t o  

s t e a d y  s t a t e .  The ra te  of change f o r  every  v a r i a b l e  i s  checked a g a i n s t  

a t o l e r a n c e .  The maximum change f o r  each phase i s  p r i n t e d  by s t a g e  w i t h  

t h e  c o n c e n t r a t i o n  p r o f i l e ,  which g ives  t h e  user an i n d i c a t i o n  o f  t h e  

magnitude and l o c a t i o n  of t h e  changes i n  t h e  system. 

Th i s  completes t h e  c a l c u l - a t i o n  for t h e  new p o i n t  i n  t ine ,  so time 

i s  incremented and t h e  c a l c u l a t i o n  is  repea ted .  
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4 .  ACCURACY OF MATHEMATICS 

S e v e r a l  approximat ions  were made i n  d e r i v i n g  t h e  mass ba lance  

e q u a t i o n s .  To check t h e  accuracy  of t h e  r e s u l t i n g  e q u a t i o n s  and to  show 

t h e  i n f l u e n c e  of t h e  time increment ,  s e v e r a l  t r i a l  c a l c u l a t i o n s  were 

performed. The behav io r  o f  t h e  program was compared wi th  i d e a l  behavior  

f o r  volume b a l a n c e s ,  s o l u t e  b a l a n c e s ,  and c o n t r o l l e r  behav io r .  

The examples i n  t h i s  s e c t i o n  should  g i v e  t h e  u s e r  a n  i n d i c a t i o n  of 

the mathemat ica l  e r r o r s  t o  b e  expec ted .  These examples are comparisons 

wi th  mathemat ica l  i d e a l i t y ,  and should  n o t  be  m i s i n t e r p r e t e d  as compari- 

sons w i t h  a c t u a l  s o l v e n t  e x t r a c t i o n  system behav io r .  

4 . 1  Accuracy of Volume Balances 

The accu racy  of the volume b a l a n c e s  w a s  t e s t e d  by comparing t h e  

program r e s u l t s  w i t h  t h e  a n a l y t i c a l  s o l u t i o n s .  I n  t h i s  way, t h e  i n f l u e n c e  

of t h e  approximat ions  could  b e  a s c e r t a i n e d .  These comparisons w e r e  made 

f o r  a few v a l u e s  of Atk t o  show t h e  i n f l u e n c e  of t h e  t i m e  increment  on 

t h e  c a l c u l a t i o n .  

The comparisons w e r e  done on a system of  t h r e e  consecu t ive  t anks  

(F ig .  5 ) .  To s i m p l i f y  t h e  problem, t h e  volume p r o p o r t i o n a l i t y  c o n s t a n t s  

were a l l  e q u a l ,  and t h e  s e t - p o i n t  volume w a s  ze ro .  The a n a l y t i - c a l  so lu -  

t i o n  f o r  t h i s  problem w a s  ob ta ined  by d i r e c t l y  i n t e g r a t i n g  E q .  (1) f o r  

each  s t a g e  w i t h  t h e  i n i t i a l  c o n d i t i o n s  t h a t  t h e  system i s  empty and h a s  

a c o n s t a n t  f eed  rate.  The a n a l y t i c a l  s o l u t i o n s  are: 

A€l V = [I - exp(-kt ) ]  , l k  

[I - (1 -4- k t ) e x p ( - k t ) ]  - Af 1 
v2 - k 

v = -  k2t2)  A f l  [I - (I 4- kt + 2 exp( -k t ) ]  . 3 k  

( 3 3 )  

( 3 4 )  

The i d e a l  s i t u a t i o n  i s  compared w i t h  the  program r e s u l t s  i n  Table  1, 

The r e s u l t s  of t h e  program are given f o r  thretz t i m e  increment  v a l u e s  f o r  

each of t h e  t h r e e  stages.  I n  t h e  f i r s t  s t a g e  t h e  c a l c u l a t e d  volumes are 
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Fig .  5 .  T'nree consecu t ive  tanks f o r  t e s t i n g  t h e  mathematical accuracy 
of t h e  program. 

Table  1. Volume b a l a n c e  e r r o r s  f o r  k = 1.0 

Elapsed 
t i m e  I d e a l  At = 0.25 At = 0.5  A t  = 1 . 0  

0.6321 
0.8647 
0.9502 
0.9817 
0.9933 

0.2642 
0.5940 
0.8008 
0.9084 
0.9596 

0.0803 
0.3233 
0.5765 
0.7619 
0.8753 

Stage 1 volume 

0.6321 
0.8647 
0.9502 
0.9817 
0.9933 

Stage 2 volume 

0.2623 
0.5926 
0.8001 
0.9080 
0.9594 

Stage  3 volume 

0.0803 
0.3219 
0.5753 
0.7607 
0.8746 

0.6321 
0.8647 
0.9502 
0.9817 
0.9933 

0.2565 
0.5883 
0.7977 
0.9069 
0.9589 

0.0806 
0.3178 
0.5706 
0.7573 
0.8725 

0.6321 
0.8647 
0.9502 
0.9817 
0.9933 

0.2325 
0.5707 
0.7880 
0.9021 
0.9567 

0.0856 
0.3029 
0.5521 
0.7432 
0.8637 
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i d e n t i c a l  t o  t h o s e  from Eq .  ( 3 2 ) .  The s i z e  of t h e  t i m e  increment seems 

t o  have no i n f l u e n c e .  However, t h e  i n f l u e n c e  of t h e  t i m e  increment i s  

obvious  i n  t h e  r e s u l t s  f o r  t h e  second s t a g e .  A n  e r r o r  i s  in t roduced  in 

t h e  second s t a g e  because t h e  program assumes t h a t  t h e  flow rate out  of 

t h e  f i rs t  s t a g e  v a r i e s  linearly over  a t i m e .  increment .  Th i s  approxima- 

t i o n  becomes more e x a c t  as t h e  t i m e  increment getrs s h o r t e r  and as t h e  

f l o w  ra te  from t h e  p r e v i o u s  stage changes more s lowly.  Thus t h e  e r r o r  

is  i n i t i a l l y  l a r g e  b u t  d e c r e a s e s  w i t h  t i m e .  The same i s  t r u e  f o r  t h e  

t h i r d  s t a g e .  

Table  2 g i v e s  the same r e s u l t s  f o r  a l a r g e r  v a l u e  of t h e  propor- 

t i o n a l i t y  c o n s t a n t .  The l a r g e r  v a l u e  makes t h e  volumes r each  t h e i r  

s t e a d y - s t a t e  v a l u e  much more q u i c k l y .  I n  terms of t h e  e x p o n e n t i a l  approach 

t o  s t e a d y  s ta te ,  t h e  v a l u e s  a t  t = 1 i n  Table  2 are comparable t o  those  

a t  L = 4 i n  T a b l e  1. 

Table 2 .  Volume ba lance  e r r o r s  f o r  k = 4.0 

E l apsed  
t i m e  I d e a l  A t  = 0.25 A t  = 0.5 A t  = 1.0  

0.2454 
0.2499 
0.2500 
0.2500 
0.2500 

0.2271 
0.2492 
0.2500 
0 .2500 
0.2500 

0.1905 
0.2466 
0.2499 
0.2500 
0.2500 

Stage  1 volume .- 

0.2454 
0.2499 
0.2500 
0.2500 
0.2500 

ztxc 2 volume 

0.2255 
0.2492 
0.2.500 
0 .2500 
0.2500 

Stage  3 volurrie 

0.1358 
0.2466 
0.2499 
0 .2500 
0 % 2500 

0.2454 0.2454 
0 -  2499 0 , 2 4 9 9  
0.2500 0.2500 
0.2.500 0 , 2 5 0 0  
0.2500 0.2500 

0 .2201 
0.2490 
0.2500 
0.2500 
0.2500 

0.1852 
0.2477 
0.2499 
0 2500 
0.2500 

0. I708  0.1397 
0.2446 0.2315 
0.2498 0.2491 
0.2500 0.2500 
0.2500 0 .  2500 
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Again, the values in the first stage are identical to the ideal 

case regardless of the time increment size. Although the second stage 

shows errors similar to those in Table 1, the errors are initially more 

severe than those found in Table 1 but decrease more rapidly. The 

results from the third stage show the same behavior except that the 

initial errors are even more severe. 

Thus, smaller time increment values result in smaller errors. 

Larger values for the proportionali-ty constant result in larger errors 

which diminish more quickly. 

4 - 2  Accuracy of Solute Balances 

Testing the solute balances is more difficult because the concentra- 

tions depend on both the incoming solute and the volume changes. The 

concentrations incur errors from the assumptions made in their own equa- 

tions and from the errors in the volume balance equations. Tests for 

these errors were performed for both constant volume and variable volume 

systems. The influence of the size of the time increment was investigated. 

The constant volume system is similar to that in Fig. 5 except that 

the f l o w  rates and volumes have come to steady state. To simplify the 

system, unit volumes and flow rates were used. 

contains only water, and the feed stream is of unit concentration. The 

resulting concentrati-on in the three stages was followed over time, An 

analytical solution to the probleiii indicates that the concentrations 

should ideally be described by 

The system initially 

x 1 = x f [I - exp(z)], 

x2 - (1 .f , 
€ 

and 
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These equations are very similar to those for the volumes [ E q s .  (32)-  

(34 ) ]  except that the proportionality constant k has been replaced by 

A f / V .  Thus the effect of  decreasing the residence time, V I A f ,  shou1.d 

be comparable to increasing the proportionality constant. 

The results of this test are given in Table 3. A s  with the volumes, 

the concentrations in the first: stage follow the ideal solution exactly. 

Concentration errors i n  the second and third stages show the same 

dependence as those f o r  the volumes although the concentration errors 

are larger than the volume errors. The cause of the difference is the 

assumption that x in E q .  (12) is constant over the time increment. 

How changing volumes influence errors was tested in a one-stage 

system. The feed stream had unit concentration and f l o w  rate. Initially, 

mj 

Table 3. S o l u t e  balance errors f o r  a constant volume system 
-. 

E l  ap sed 
t i m e  Ideal A t  = 0.25 At = 0.5  At = 1 . 0  

Stage 1 concentration 

0.6321 0.6321 
0.8647 0.8647 
0.9502 0.9502 
0.9817 0.9817 
0.9933 0.9933 

0.6321 0.6321 
0.8647 0.8647 
0.9502 0.9502 
0.9817 0.9817 
0.9933 0.9933 

Stage 2 concentr-aA:iis 

0.2642 0.2604 0.2487 
0.5940 0.5912 0.5826 
0.8008 0.7993 0.7946 
0.9084 0.9077 0.9053 
0.9596 0.9592 0.9582 

S t a i e  3 concentration 

0.1998 
0.5466 
0.7747 
0.8956 
0.9537 

1 0.0803 0.0784 0.0734 0.0632 
2 0.3233 0.3191 0.0066 0.2591 
3 0.5768 0.5729 0.5611 0.5129 
4 0.7619 0.7592 0.751L 0.7166 
5 0.8753 0.8738 0.8689 0.8481. 

- _I .__-.I_ 
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t h e  s t a g e  conta ined  a u n i t  volume w i t h  ze ro  c o n c e n t r a t i o n .  'The s t a g e  

volume v a r i e d  acco rd ing  t o  

*f V = Vs + - [l - exp( -k t ) ]  , k 

where V -- k = 1 . 0 .  The a n a l y t i c a l  s o l u t i o n  f o r  t h e  c o n c e n t r a t i o n  is  
S 

More s t a g e s  would have been t e s t e d ,  b u t  t h e  a n a l y t i c a l  s o l u t i o n  t o  t h e  

mass bal-ance became too  complex. 

The r e s u l t s  o f  t h i s  t e s t  are g iven  i n  Table  4 .  The s t a g e  volume 

fol lowed E q .  ( 3 8 )  e x a c t l y  r e g a r d l e s s  of t h e  s i z e  of t h e  t i m e  Increment .  

The s t a g e  c o n c e n t r a t i o n  shows reasonably  s m a l l  e r r o r s  due t o  t h e  assump- 

t i o n  t h a t  t h e  s t a g e  volume v a r i e s  l i n e a r l y  ove r  a t i m e  increment .  [The 

assumption w a s  made du r ing  t h e  e v a l u a t i o n  of E q .  ( 2 4 ) .  ] The approxima- 

t i o n  becomes more e x a c t  as smaller t i m e  increments  are used.  

Tab1.e 4 .  S o l u t e  ba l ance  e r r o r s  f o r  a v a r i a b l e  volume system 

Elapsed 
t i m e  I d e a l  A t  = 0 .25  A t  = 0.5  A t  = 1.0 

1 0.5252 0.5260 0.5279 0.5352 
2 0 .7306 0.7311 0.7323 0.7358 
3 0 .8402 0.8405 0 .8413 0.8433 
4 0.9039 0.9041 0.9045 0.9057 
5 0.9419 0 .9420 0.9422 0 .9430 

I--.- . _. . .. .- 

4 . 3  Accuracy of Three-Mode C o n t r o l l e r  

The equa t ions  d e f i n i n g  che o p e r a t i o n  of a c o n t r o l l e r  are much s imple r  

t han  t h e  volume and s o l u t e  ba l ances .  This  s imple  form l i m i t s  t h e  number 

o f  approximations t h a t  must be  made. To tes t  c o n t r o l l e r  accuracy ,  s imple ,  

well-deEined f u n c t i o n s  were used as t h e  i n p u t  t o  t h e  c o n t r o l l e r ,  and t h e  

c o n t r o l l e r  o u t p u t  was compared w i t h  t h e  a n a l y t i c a l  s o l u t i o n  o f  t h e  con- 

t r o l l e r  equa t ion .  
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When t h e  inpu t  t o  a c o n t r o l l e r  i s  a c o n s t a n t  v a l u e ,  t h e  c o n t r o l l e r  

equa t ion  [Eq. ( Z S ) ]  s i m p l i f i e s  g r e a t l y .  The a n a l y t i c a l  form f o r  t h e  

ou tpu t  of t h e  c o n t r o l l e r  is  

c - S  
C P  

Th i s  i s  a l i n e a r  ramp i n  t i m e .  The c a l c u l a t i o n  used zero  v a l u e s  f o r  

t h e  set p o i n t s ,  and u n i t y  f o r  t h e  c o n t r o l l e r  c o n s t a n t s .  The r e s u l t s  

are shown i n  Table  5. A s  expec ted ,  t h e  r e s u l t s  match t h e  a n a l y t i c a l  

form e x a c t l y ,  r e g a r d l e s s  of t h e  t i m e  increment .  

Table  5. C o n t r o l l e r  e r r o r s  f o r  a c o n s t a n t  i n p u t  

Elapsed 
t i m e  I d e a l  A t  = 0 .25  A t  = 0.5  A t  = 1 . 0  

1 2.0  2.0 2.0 2.0 
2 3.0 3.0  3 . 0  3.0 

4.0 4.0 
5.0 5.0 
6.0 6.0  

3 4.0 
4 5 .0  
5 6 . 0  6.0 

%:: 
-- _- 

When t h e  i n p u t  t o  t h e  c o n t r o l l e r  is  a ramp, t h e  ou tpu t  on t h e  con- 

t r o l l e r  i s  a q u a d r a t i c  equa t ion .  S u b s t i t u t i n g  t h e  ramp 

e = t  

into Eq.  (28) produces 

+ Kd) C P ( :li c = s  + K  t f -  

The c a l c u l a t i o n  used ze ro  v a l u e s  f o r  t h e  set p o i n t ,  and u n i t y  f o r  t he  

c o n t r o l l e r  c o n s t a n t s .  The r e s u l t s  are shown i n  T a b l e  6 .  Again, t h e  

r e s u l t s  match the i d e a l  form e x a c t l y  f o r  any t i m e  increment  s i z e .  

Using a q u a d r a t i c  equa t ion  as t h e  i n p u t  t o  t h e  c o n t r o l l e r  should  

produce a cub ic  equa t ion  as the o u t p u t .  I n  t h i s  c a s e  t h e  i n p u t  f u n c t i o n  
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Table 6. Controller errors €or a ramp input 
.. __ ._ . 

E 1. ap s ed 
time Ideal At = 0.25 At = 0.5 At = 1.0  

1 2.5  2.5 
2 5.0 5.0 
3 8 . 5  8.5 
4 13.0 13.0 
5 18.5 18.5 

2.5 2 * 5  
5.0 5.0 
8 . 5  8 .5  

13.0 13 .0  
18 5 18.5 

.... ..I_I. .- 

was 

e = 1 I- t -t- ( t 2 / 2 )  , 
and the resulting ideal equation is 

( 4 3 )  

The calculation used zero values f o r  the s e t  points, and unity f o r  the 

controller constants. The discrepancies between the ideal values and 

those calculated by the CONSEPT program (Table 7 )  are due t o  the approxi- 

mations made in evaluating the integral and derivative terms in Eq. ( 2 8 ) .  

The errors diminish as the time increment is shortened and the approxima- 

tions become more exact. 

Table 7 .  Controller errors f o r  a quadrattc input 
..... ... .- ............ ._ 

Elapsed 
time Ideal At = 0.25 At = 0.5 At .= 1 .0  

1 6.1.67 5 .922  5.688 6.250 
2 13.33 1.3 I 09 12.85 1 2  a 50 
3 24.50 24.27 24.06 23.75 
4 40.67 40.44 40.25 40.00 
5 62.83 62.61  62.44 62.25 

Accuracy of controller operation is related to the functionality 

of the input error, the size oE the time increment, and the controller 

constants. For simp1.e input errors where t:he second derivative is always 



29 

zero, the controller follows the analytical. solutlon to Eq. (28) exactly 

regardless of the time increment and the controller constants. When the 

error has a non-zero second derivative, the controller follows the 

analytical solution, but not exactly. The difference between the analyci- 

cal solution and the calculated result is related to the time increment 

size. 
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5 .  INPUT CARDS FOR THE CONSEPT PROGKAM 

The formats  of  t h e  i n p u t  c a r d s ,  gi.ven i n  Table  8 ,  are  g e n e r a l l y  

comparable. t o  t h o s e  used f o r  t h e  SEPHIS-MOD4 program. Although t h e  

c a r d s  are  g e n e r a l l y  s e l f - e x p l a n a t o r y ,  t h e  u s e r  i s  s t r o n g l y  urged t o  

r e f e r  t o  t h e  Eollowing s e c t i o n s  on us ing  t h e  program. Advice on choos- 

i n g  v a l u e s  f o r  t h e  v a r i a b l e s  and some examples are g iven  t o  c l a r i f y  

t h e s e  ca rds .  

Table  8. Inpu t  c a r d  format:s f o r  t h e  CONSEPT program 
~ 

Card 
Card columns V a r i a b l e  d e s c r i p t i o n  

1 

1-2  

3-6 

7-1~4 

15-22 

24 

26 

1-80 

1.- 8 

9-16 

17-24 

25-32 

F O W T  ( i 2 ,  1 4 ,  2F8.0,  212) s ta r t  of t h e  nex t  case 

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

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

CTBP = volume f r a c t i o n  of T-BP i n  t h e  o r g a n i c  phase.  

TEMFL = i n i t i a l .  and d e f a u l t  t empera ture  ("C). 

I K X N  = swi t ch  f o r  t h e  plutonium r e d u c t i o n  r e a c t i o n ,  
= 0 f o r  no r e d u c t i o n ,  
= 1 f o r  i n s t a n t a n e o u s  r e d u c t i o n ,  
= 2 f o r  r e d u c t i o n  by U ( i V ) ,  
= 3 f o r  reducti .on by hydroxylamine. 

= 0 f o r  Purex,  
= 1 f o r  'l'horex. 

IPROCE = swi t ch  f o r  t h e  p r o c e s s  be ing  used ,  

FORMAT (10A8) t i t l e  c a r d s  

TITLE = up t o  1.0 c a r d s  of t e x t  d e s c r i b i n g  lrhe 
ca l cu la t i -on  be ing  performed. 

FORMAT ( 4 F 8 . 0 ,  522) s tar t  of  t h e  nex t  t i m e  pe r iod  

DTKETA = t ime increment  ( s ) .  

DPRINT = t i m e  between s u c c e s s i v e  p r o f i l e  p r i n t i n g s  (s) .  

TSTOP = t i m e  when t h e  c a l k u l a t i o n s  w i l l  s t o p  if t h e  
t o l e r a n c e  i s  n o t  m e t  ( s ) .  

TOL = t o l e r a n c e  on t h e  ra te  of change t o  de te rmine  
when a s t e a d y  s t a t e  h a s  been achieved  (Xis). 
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Table  8 ( con t inued)  

Card 
Card columns V a r i a b l e  d e s c r i p t i o n  

4 

36 

38 

40 

42  

1-4 

6 

7-14 

15-22 

23-30 

31-38 

39-46 

47-54 

55-62 
63-70 

NEWOUT = 
z2 

c 

c 

swi t ch  f o r  r ead ing  new feed  stream c a r d s ,  
0 i f  no f eed  stream c a r d s  are t o  b e  r e a d ,  
1 i s  a l l  new feed  stream c a r d s  are t o  be r e a d ,  
2 i f  o n l y  r e v i s i o n s  t o  t he  e x i s t i n g  feed  
streams are t o  b e  r ead .  

s w i t c h  f o r  r end ing  new product  stream c a r d s ,  
0 i f  no product  stream c a r d s  are t o  be r e a d ,  
1 i f  a11 new p roduc t  stream c a r d s  are t o  be  
r e a d ,  
2 i f  o n l y  r ev i s io i i s  t o  t h e  e x i s t i n g  product  
streams are t o  be read. 

switch fo r  r e a d i n g  new volume cons tan ts ,  
0 i f  no volume c o n s t a n t  c a r d s  are t o  be  r ead ,  
1 i f  all ncw volume c o n s t a n t  c a r d s  a r e  t o  be 
r e a d ,  
2 i f  o n l y  r e v i s i o n s  t o  the e x i s t i n g  vo3ume 
c o n s t a n t s  are t o  bc r ead .  

swi t ch  f o r  r ead ing  an i n i t i a l  p r o f i l e ,  
0 i f  no p r o f i l e  i s  t o  be r e a d ,  
1 i f  an  i n i t i a l  p r o f i l e  i s  to be  r cad .  

swi t ch  f o r  punching 'I f ina l  p r o f i l e  on c a r d s ,  
0 i f  the f i n a l  p r o f i l e  i s  n o t  t o  be punched, 
1 i f  t h e  finial p r o f i l e  c a r d s  are t o  be 
punched I 

FOKMAT (14, 1 2 ,  8F8.0, 212)  feed sLream c a r d s  

J = stage number whcre t h i s  Feed stream e n t e r s .  

R = p h a s e ,  
= 1 f o r  aqueous,  
= 2 f o r  o r g a n i c .  

CON(1) = n i t r i c  acid c o n c e n t r a t i o n  (mol/I,).  

C O N ( 2 )  = uranium c o n c c n t r a t i o n  (g/L)  .) 

CON(3) = plutonium(TV) c o n c e n t r a t i o n  (g /L) .  

CON(4) = plutoniurn(I1L) c o n c e n t r a t i o n  (g/J,)  

C O N ( 5 )  =. r educ tan t  cor icentrnt  ion (mol/L) I 

CON(6)  = i n c 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  (mol/L) . 
CON(7) = t empera ture  ( " C ) .  

CON(8) = f l o w  ra te  (L/s). 
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Card 
Card columns 

'Table 8 (cont inued)  
-. . .. .- ...I- ..I__ 

V a r i a b l e  d e s c r i p t i o n  

72  

74  

23-30 

31-38 

39-46 
5 

2 

3-6 

8 

9-10 

11-1.8 

19-26 

27-34 

35-42 

43-50 

I N D E X  = swi.tch f o r  more f eed  stream c a r d s ,  
= 0 i f  no c a r d s  remain,  
= 1 i f  more feed  streain c a r d s  fo l low.  

I C O N T R  = swit:ch f o r  c o n t r o l l e r  c a r d s  f o r  t h i s  feed  
s t r e a m  , 

= 0 j.f no c o n t r o l l e r  c a r d s  fo l low,  
= 1 i f  c o n t r o l l e r  cards f o l l o w .  

For  t h e  Thorex p rocess  C O N ( 3 )  - C O N ( 5 )  change 

C O N ( 3 )  = thorium c o n c e n t r a t i o n  (g /L) .  

C O N ( 4 )  -- n o t  d e f i n e d .  

C O N ( 5 )  = n o t  d e f i n e d .  

FORMAT (12, 1 4 ,  2 1 2 ,  8F8.0, C2) c o n t r o l l e r  c a r d s  

L = number of t h e  f eed  stream v a r i a b l e  be ing  
c o n t r o l l e d ;  C O N ( L )  on the  preceding  feed  
s t r eam ca rd  will b e  c o n t r o l l e d  as s p e c i f i e d  
by t h i s  ca rd .  

JM = number of  t h e  s t a g e  be ing  monitored by t h i s  
c o n t r o l l e r ,  

> 0 f o r  three-mode c o n t r o l ,  
< 0 f o r  on /o f f  c o n t r o l .  

KM = swi t ch  f o r  phase be ing  moni.tored, 
1= 1 f o r  an aqueous bank v a r i a b l e ,  
= 2 f o r  a n  o r g a n i c  bank v a r i a b l e ,  
= 3 f o r  an  aqueous feed  stream v a r i a b l e ,  
= 4 f o r  a n  o r g a n i c  feed  stream v a r i a b l e .  

LM = number of t h e  v a r i a b l e  be ing  monitored,  
= 1-8 same as C O N ( 1 )  - C O N ( 8 )  on t h e  f eed  

= 9 volume (L) on ly  f o r  bank v a r i a b l e s ,  
= LO d e n s i t y  (kg/L)  o n l y  f o r  bank v a r i a b l e s .  

stream c a r d ,  

For three-mode cont ro l l - ing  

C O N ( 1 )  = s e t  p o i n t  f o r  the monitored v a r i a b l e .  

C O N ( 2 )  = p r o p o r t i o n a l  gain. 

C O N ( 3 )  = i n t e g r a l  t i m e  (8). 

C O N ( 4 )  = d e r i v a t i v e  t . ime  ( s ) .  

C O N ( 5 )  = set p o i n t  f o r  t h e  c o n t r o l l e d  v a r i a b l e .  
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Table  8 (cont inued)  
-I_- --- 

Card 
c o 1 umn s Card V a r i a b l e  d e s c r i p t i o n  

51-58 

59-66 

67-74 

11-18 

19-26 

27-34 

35-42 

43-50 

51-58 

59-66 

67-74 

76 

6 

1-4 

6 

7-14 

1 6  

7 

1-4 

5-12 

CON(6) = e r r o r  band on t h e  outgoing  v a l u e  (Z) .  

CON(7) = maximum v a l u e  al lowed f o r  t h e  c o n t r o l l e d  

CON(8) = minimum v a l u e  al lowed f o r  t h e  c o n t r o l l e d  

v a r i a b l e  ( app l i ed  b e f o r e  t h e  e r r o r  band) .  

v a r i a b l e  ( a p p l i e d  b e f o r e  t h e  e r r o r  band) .  

For on /o f f  c o n t r o l l i n g  

CON(1) = upper  set p o i n t  f o r  monitored v a r i a b l e .  

CON(2) = lower set  p o i n t  f o r  monitored v a r i a b l e .  

CON(3) = n o t  d e f i n e d .  

CON(4) = n o t  de f ined .  

CON(5) = not  d e f i n e d .  

CON(6) = e r r o r  band a p p l i e d  t o  t h e  outgoing  v a l u e  (XI. 
CON(7) = outgo-ing v a l u e  a f t e r  t h e  monitored v a r i a b l e  

CON(8)  = outgoing  v a l u e  a f t e r  t h e  monitored v a r i a b l e  

ICONTR = s w i t c h  f o r  c o n t r o l l e r  c a r d s  f o r  t h i s  feed  

i s  g r e a t e r  t han  CON(1). 

i s  less than  C O N ( 2 ) .  

s t r e a m  , 
= 0 i f  no more c o n t r o l l e r  c a r d s  f o l l o w ,  
= 1 i f  o t h e r  c o n t r o l l e r  c a r d s  fol low.  

FORMAT ( 1 4 ,  1 2 ,  F8 .0 ,  12) product  stream c a r d s  

J = stage number from which t h e  product  stream 
i s  rcmoved. 

K = phase ,  
= 1 f o r  aqueous,  
= 2 f o r  organic .  

PFLO = maximum f low rate  f o r  t h e  product  stream 
(L/s). 

INDEX = swi t ch  € o r  product  stream c a r d s ,  
= 0 i f  no product  stream cards follow, 
= 1 i f  more product  stream c a r d s  follow. 

F O W T  ( 1 4 ,  4F8.0 ,  12) volume c o n s t a n t  c a r d s  

.J = s t a g e  number, 

VT = t o t a l  s t a g e  volume ( L ) .  
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Table  8 (cont inued)  

Card 
Card columns Var i ab le  d e s c r i p t i o n  
__- ___I.. -. . . ._-.. 

8 

13-20 vs = aqueous s e t  p o i n t  volume ( L ) .  

21-28 CA = aqueous p r o p o r t i o n a l i t y  cons t an t  (s-1). 

29-36 co = o r g a n i c  p r o p o r t i o n a l i t y  c o n s t a n t  (s-1) .  

38 INDEX = swi t ch  f o r  volume c o n s l a n t  c a r d s ,  
= 0 i f  no volume c o n s t a n t  c a r d s  fo l low,  
= 1 i f  more volume c o n s t a n t  c a r d s  f o l l o w .  

FORMAT (9F8.0) i n i t i a l  p r o f i l e  c a r d s  

An aqueous card  fol lowed by an  o rgan ic  ca rd  i s  
r e q u i r e d  f o r  each s t a g e .  

1-8 C O N ( 1 )  = n i t r i c  a c i d  c o n c e n t r a t i o n  (mol/L).  

9-16 CON ( 2 )  = uranium c o n c e n t r a t i o n  (g /L)  . 
17-24 CON(3) = plutonium(IV) c o n c e n t r a t i o n  (g /L) .  

25-32 CON(4) = plutonium(TT r )  c o n c e n t r a t i o n  (g/L) . 
33-40  CON(^) = r e d u c t a n t  c o n c e n t r a t i o n  ( ino l /L ) .  

41-48 CON(6) = i n e x t r a c t a b l  e n i t r a t e  c o n c e n t r a t i o n  ( m o l / L )  . 
49-55 CON(7)  = t empera ture .  

57-64 CON(8) = f low rate o u t  of  t h e  s t a g e  ( L / s ) .  

65-72 CON(9) = volume (L) . 
For t h e  Thorex p rocess  C O N ( 3 )  - CON(5) change 

17-24  CON(^) = thorium c o n c e n t r a t i o n  ( g / L ) .  

25-32 CON(/+) = n o t  defined. 

3 3 -. 4 0 CON(5) = no t  de f ined .  
-_I 
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6 .  GENERAL USE OF THE CONSEPT PKOGRhY 

A mere l i s t i n g  of t h e  i n p u t  c a r d  formats  cannot i n d i c a t e  t h e  con- 

s i d e r a t i o n s  and con t ingenc ie s  t h a t  went i n t o  t h e  CONSEPT program. Imple- 

menta t ion  of  t h e  i d e a s  i n  t h e  program l e d  t o  many p o t e n t i a l l y  u s e f u l  

consequences which are n o t  immediately appa ren t .  Many a b i l i t i e s  of t h e  

program w i l l  n o t  be  u t i l i z e d  u n t i l  t h e  u s e r  c o n s i d e r s  c a r e f u l l y  what he  

would l i k e  t h e  program t o  do. The examples i n  Sec t .  8 should h e l p  t o  

broaden t h e  u s e r ' s  unders tanding  of t h e  program's p o t e n t i a l .  

Before s p e c i f i c  examples are g iven ,  some adv ice  on choosing v a l u e s  

f o r  t h e  v a r i a b l e s  w i l l  probably be  u s e f u l .  The cho ices  f o r  some of t h e  

v a r i a b l e s  are l i n k e d  through t h e i r  f u n c t i o n a l i t y  i n  t h e  t n t e g r a t e d  mass 
ba lances .  Some of t h e  v a r i a b l e s  need a s i m p l e  exp lana t ion  t o  c l a r i f y  

t h e  impact of a p a r t i c u l a r  cho ice ,  o r  t o  show t h e  f l e x i b i l i t y  b u i l t  I n t o  

t h e  program. 

6 .1  Choosing a Value f o r  DTWETA 

DTHETA i s  t h e  t i m e  increment  used f o r  t h e  c a l c u l a t i o n s .  In g e n e r a l ,  

t h e  i n t e g r a t i o n  becomes more a c c u r a t e  when smaller v a l u e s  of DTHETA are 

used. T h i s  i s  a consequence of an i m p l i c i t  approximation t h a t  t h e  system 

i s  changing f a i r l y  s lowly  from one point:  i n  t i m e  t o  t h e  nex t .  A s  DTHETA 

i s  dec reased ,  t h e  magnitude of t h e  changes du r ing  one t i m e  i n t e r v a l  i s  

decreased ,  making t h e  approximation more e x a c t .  

Th i s  vague exp lana t ion  of t h e  e fEec t  o f  DTHETA does l i t t l e  t o  he lp  

i n  choosing a v a l u e .  However, t h e  s p e c i f i c  equa t ions  invo lv ing  DTKETA 

show i t s  use  i n  t h e  program and i t s  dependence on o t h e r  v a r i a b l e s .  In 

c a l c u l a t i n g  aqueous volumes and f l o w  r a t e s ,  t h e  t e r m s  used i n  t h e  equa- 

t i o n s  are Atk and exp(-Atlc ) .  I n  t h e s e  equa t ions  a b e t t e r  i n t e g r a t i o n  

i s  achieved i f  t h e  product  Atk i s  s m a l l  ( i ' ~ O . 5 )  f o r  each s t a g e .  S i m i -  

l a r l y  f o r  t h e  o r g a n i c  phase ,  i t  i s  d e s i r a b l e  t o  keep t h e  product  Atk 

s m a l l .  Th i s  means t h a t  as l a r g e r  v a l u e s  f o r  t h e  p r o p o r t i o n a l i t y  con- 

s t a n t s  k and k are used, smaller v a l u e s  f o r  DTHETA are d e s i r a b l e . .  A 

more e x p l i c i t  c h a r a c t e r i z a t i o n  of t h e  accuracy  is  given i n  Sec t .  4 .  

a a 

a 

0 

a 0 
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I n  c a l c u l a t i n g  c o n c e n t r a t i o n s  t h e  most common form f o r  DTHE:’rA i s  as 

a r a t i o  t o  t h e  r e s i d e n c e  t i m e .  When t h e r e  i s  f low i n t o  the s t a g e ,  t h e  

t e r m s  are exp[+At(A +Aj-l)/Va] and exp[+AtA(A 9 Aj-l/AVa].  I n  t h e s e  

cases, t h e  i n t e g r a t i o n  becomes more exact as t h e  e x p o n e n t i a l s  approach 

1 .0 .  Again, smaller v a l u e s  f o r  DTHETA are  d e s i r a b l e .  A more e x p l i c i t  

example of t h e  e f f e c t  of DTHETA on accuracy  i s  g iven  i n  Sec t .  4 .  

f j f j  

DTHETA pervades  almost  every  a s p e c t  of  t h e  program. A s  should  be  

expec ted ,  a smaller v a l u e  f o r  DTHETA h e l p s  t h e  program more a c c u r a t e l y  

fo l low t h e  changes t a k i n g  place i n  t h e  system. An i-inportant c o n f l i c t i n g  

c o n s i d e r a t i o n  i s  t h a t  as DTHETA i s  dec reased ,  t h e  computing t ine i s  

inc reased .  The u s e r  must ba lance  t h e s e  c o n f l i c t i n g  p r i o r i t i e s  accord ing  

t o  h i s  requi rements .  

6 . 2  Other  V a r i a b l e s  on Card 3 

Although DTHETA i s  probably t h e  most impor tan t  v a r i a b l e  on  c a r d  3 ,  

t h e  o t h e r  v a r i a b l e s  c o n t r o l  t h e  i n p u t / o u t p u t  f u n c t i o n s  of t h e  program and 

r e q u i r e  a n  exp lana t ion .  DPRINT i s  t h e  e l a sped  t i m e  between p r o E i l e  p r i n t -  

i n g s  and as such r e g u l a t e s  t h e  amount of p r i n t e d  o u t p u t .  When DPRINT i s  

set e q u a l  t o  DTHETA, eve ry  c a l c u l a t e d  p r o f i l e  i s  p r i n t e d .  S e t t i n g  DPRIN’T 

t o  l a r g e r  m u l t i p l e s  of DTHETA r e s u l t s  i n  less p r i n t e d  ou tpu t  when t h e  

d e t a i l  of eve ry  c a l c u l a t e d  p r o f i l e  i s  n o t  necessa ry .  TOL r e g u l a t e s  when 

t h e  c a l c u l a t i o n s  w i l l  s top  s i n c e  a s t e a d y  s ta te  has  been achieved .  A 

v a l u e  o f  0.0001 is  u s u a l l y  s u f f i c i e n t .  A n e g a t i v e  v a l u e  f o r  TOL, such as 

-1.0, r e q u i r e s  t h e  program t o  c a l c u l a t e  u n t i l  TSTOP i s  reached ,  r e g a r d l e s s  

of s t e a d y  s t a t e .  

The swi tches  on ca rd  3 are g e n e r a l l y  s i m p l e  t o  unders tand .  However, 

t h e  d i f f e r e n c e  between r e v i s i o n s  and a l l  new v a l u e s  needs a n  exp lana t ion .  

When a l l  new v a l u e s  are t o  be  r ead  i n ,  t h e  program r e i n i t i a l i z e s  a l l  t h e  

p e r t i n e n t  v a r i a b l e s  i n  p r e p a r a t i o n  f o r  t h e  incoming in fo rma t ion .  However, 

when r e v i s i o n s  are made, no r e i n i t i a l i z a t i o n  i s  done so  t h a t  31.1 t h e  o l d  

in fo rma t ion  i s  s t i l l  p r e s e n t  and w i l l  be  used u n l e s s  t h e  v a l u e s  are 

o v e r w r i t t e n .  Th i s  can b e  u s e f u l  i n  cont inued  c a l c u l a t i o n s  where o n l y  

one feed  stream needs t o  be changed. I n i t i a l  p r o f i l e s  cannot  be r e v i s e d ;  
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they can o n l y  be  r e p l a c e d .  It  should  a l s o  be noted  t h a t  t h e  e n t i r e  system 

i s  r e i n i t i a l i z e d  a f t e r  c a r d  1 i s  r e a d .  

6 .3  C o n t r o l l e r  Cards 

To s p e c i f y  a c o n t r o l l e r ,  t h e  computer must f i r s t ,  and most obv ious ly ,  

be  t o l d  what is  be ing  c o n t r o l l e d .  Each c o n t r o l l e r  ca rd  is a s s o c i a t e d  wi th  

t h e  p reced ing  feed-s t ream c a r d ,  so t h e  f i r s t  v a r i a b l e  on t h e  c o n t r o l l e r  

c a r d  i n d i c a t e s  t o  which of t h e  e i g h t  feed-stream v a r i a b l e s  t h i s  c o n t r o l l e r  

p e r t a i n s .  

A s  impor tan t  as which v a r i a b l e  i s  be ing  c o n t r o l l e d  i s  which v a r i a b l e  

The s y s t e m  used by t h e  program t o  is be ing  monitored by t h i s  c o n t r o l l e r .  

l o c a t e  t h e  v a r i a b l e  be ing  monitored r e q u i r e s  (1) t h e  s t a g e  number, 

(2)  whether t h e  v a r i a b l e  is i n  a f eed  stream o r  i n  t h e  c o n t a c t o r  bank, 

( 3 )  t h e  phase,  and (4) t h e  v a r i a b l e .  By checking whether t h e  s t a g e  

number i s  p o s i t i v e  o r  n e g a t i v e ,  t h e  program de termines  whether t h e  con- 

t r o l l e r  i s  a three-mode o r  an on /o f f  c o n t r o l l e r .  

The remaining in fo rma t ion  on the  c o n t r o l l e r  c a r d  i s  t h e  c o n s t a n t s  

d e f i n e d  i n  F i g s .  3 and 4 .  The c o n s t a n t s  are g e n e r a l l y  s t r a i g h t f o r w a r d  

i n  t h e i r  meaning w i t h  one n o t a b l e  excep t ion .  The i n t e g r a l  t i m e  f o r  rhe  

three-mode c o n t r o l l e r  [ R  i n  Eq. ( 2 8 ) ]  cannot be  zero s i n c e  d i v i s i o n  by 

ze ro  i s  undef ined .  However, a ze ro  v a l u e  f o r  t h e  i n t e g r a l  t i m e  on t h e  

i n p u t  c a r d  w i l l  be  changed t o  1.OES40, e f f e c t i v e l y  removing any i n t e g r a l  

c o n t r o l .  

i 

The mere use of c o n t r o l l e r s  does not: imply t h a t  t h e  system w i l l  be  

i n  c o n t r o l .  The c o n t r o l l e r  c o n s t a n t s  can be set as d e s i r e d ,  b u t  poor ly  

chosen v a l u e s  can  produce an u n s t a b l e  r e sponse .  L ike  t h e i r  rea l  counter -  

p a r t s ,  when t h e  c o n t r o l l e r s  i n  t h e  CONSEPT program are n o t  p r o p e r l y  tuned ,  

t h e i r  r e sponse  w i l l  show o s c i l l a t i o n s  t h a t  i n c r e a s e  i n  s i z e  o r  simply 

"peg" a t  t h e  maximum o r  minimum v a l u e .  
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6 . 4  Product-Stream Cards 

The product-s t ream c a r d s  d e s c r i b e  where streams are removed from 

tbe system and t h e  maximum f low rates f o r  t hose  s t reams.  I f  on ly  a sample 

product  i s  t o  be removed, t h e  sample amount should  be  used f o r  t h e  Elow 

ra te .  I f  t h e  e n t i r e  stream i s  t o  be removed, t h e  stream flow rate  o r ,  

p r e f e r a b l y ,  some l a r g e r  amount should  be  used f o r  t h e  fl.ow ra te .  It i.s 

impor tan t  t o  unders tand  t h a t  a l though  a c e r t a i n  f l o w  ra te  may be  e n t e r i n g  

a s t a g e  o r  s e c t i o n  of equipment,  t h a t  does n o t  mean t h a t  t h e  e x i t i n g  o c  

product-s t ream f l o w  rate is  l i m i t e d  by t h a t  amount. I n  v e r y  many cases, 

e x i t i n g  f low rates dur ing  t r a n s i e n t  p e r i o d s  w i l l  exceed t h e  f l o w  ra te  of 

t h e  e n t e r i n g  stream. T h i s  i s  e s p e c i a l l y  t r u e  of t h e  o rgan ic  phase.  A t  

t h e  o t h e r  estreme, i f  no th ing  i.s f lowing  o u t  of a s t a g e  where a product  

stream has  been s p e c i f i e d ,  no product  stream w i l l  be  removed. In  t h i s  

case t h e  maxi.mum flow ra te  s p e c i f i e d  on t h e  product-s t ream c a r d  w i l l  

s t i l l  be r e t a i n e d  f o r  t h e  e v e n t u a l i t y  t h a t  a t  some t i m e  a stream w i l l  

f low o u t  of  t h a t  s tage .  

6 .5  Volume Constant  Cards 

The v a r i a b l e s  t h a t  de te rmine  t h e  r e l a t i o n s h i p  between f low rates and 

voluines i n  a s t a g e  are  de f ined  i n  Eqs. (1)  through ( 9 ) .  The CONSEPT pro- 

gram does n o t  r e q u i r e  t h a t  bo th  ( o r  e i t h e r )  phase ( s )  be found i n  a s t a g e .  

One o r  bo th  phases  may b e  mis s ing ;  one o r  both phases  may n o t  f low i n t o  

t h e  S t a g e ;  and one o r  b o t h  phases  may n o t  f l o w  o u t  of t h e  s t a g e ,  However, 

t h e  volume parameters  are s t i l l  r e q u i r e d  f o r  each s t a g e .  'The t o t a l  or 

aqueous s e t - p o i n t  volumes inay lie ze ro ,  b u t  t h e  p r o p o r t i o n a l i t y  c o n s t a n t s  

must be  g r e a t e r  t han  zero .  

An aqueous stream w i l l  n o t  f low o u t  of t h e  s t a g e  unt.i.l. t h e  aqueous 

volume exceeds t h e  aqueous s e t - p o i n t  volume. Likewise,  a n  o r g a n i c  stream 

w i l l  no t  f low o u t  of t h e  s t a g e  u n t i l  t h e  s u m  of  t h e  aqueous and o r g a n i c  

volume:; exceeds t h e  t o t a l  vol.ume. These p r o p e r t i e s  can be used t o  s p e c i f y  

i n - l i n e  t anks  i.n the system. For an  aqueous tank ,  bo th  t h e  t o t a l  volume 

and t h e  s e t - p o i n t  volume are set  t o  h igh  v a l u e s .  For an o r g a n i c  taak, 

on ly  t h e  t o t a l  vo1.ume need be  s e t  t o  a h i g h  va lue .  Thus, when a phase 

f lows i n t o  t h e  t ank ,  i t  will t a k e  a ve ry  long  t i m e  b e f o r e  any f lows out:. 
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A f t e r  a l l  t h e  volume c o n s t a n t  ca rde  have been r ead ,  t h e  program 

checks t o  be  s u r e  t h a t  every  s t a g e  has  t h e  r e q u i r e d  v a l u e s .  

l a c k s  a v a l u e ,  t h e  v a l u e  from t h e  p rev ious  s t a g e  i s  used.  

If a s t a g e  

6 . 6  I n i t i a l  P r o f i l e  Cards 

The i n i t i a l  p r o f i l e  c a r d s  are used t o  s p e c i f y  t h e  i n i t i  1 s t a t  O f  

t h e  system, Each s t a g e  r e q u i r e s  an  aqueous ca rd  fol lowed by an o rgan ic  

c a r d .  

by used. On t h e  f i r s t  c a l c u l a t i o n ,  t h e  p rev ious  p r o f i l e  i s  a t o t a l l y  

empty system. 

I f  an  i n i t i a l  p r o f i l e  is no t  s p e c i f i e d ,  t h e  p rev ious  p r o f i l e  w i l l  

6 .7  Ending C a l c u l a t i o n s  

A f t e r  t h e  las t  i n p u t  c a r d  f o r  a t i m e  pe r iod  h a s  been r e a d ,  t h e  pro- 

gram starts c a l c u l a t i n g  and p r i n t i n g  as s p e c i f i e d ,  When t h e  convergence 

t o l e r a n c e  has  been m e t ,  o r  when t h e  e l apsed  t i m e  has  reached TSTOP, t h e  

c a l c u l a t i o n s  s t o p  and ano the r  ca rd  3 i s  read .  Here, t h r e e  cho ices  are 

p o s s i b l e .  I f  t h e  ca rd  is  simply g i v i n g  new v a l u e s  f o r  t h e  v a r i o u s  v a r i -  

a b l e s ,  t h e  program w i l l  con t inue  working as b e f o r e .  I f  DTHETA = 0.0 and 

DPRINT = 1.0 ,  t h e  program s tar ts  over  again by r e a d i n g  a ca rd  1 and 

r e i n i t i a l i z i n g  t h e  system. I f  DTHETA = 0.0 and DPRINT = 0.0,  the program 

s t o p s .  
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7 .  CREATIVE USE OF THE CONTROLLERS 

T h e  v a r i a b l e s  on t h e  c o n t r o l l e r  c a r d s  are de f ined  i n  Sect. 2 . 3 .  

The i r  use  a s  o r d i n a r y  three-mode o r  on /of f  c o n t r o l l e r s  -is self-evidenl :  

and w i l l  no t  be d i scussed  i n  t h i s  s e c t i o n .  There are many a l t e r n a t i v e  

u s e s  f o r  t h e  c o n t r o l l e r s  which g e n e r a l l y  d i s r e g a r d  t h e  purpose of 

"co t i t ro l l e r s "  and merely use  t h e  c o n t r o l l i n g  schemes as a convenient  

means t o  ach ieve  t h e  d e s i r e d  end. 

7 . 1  Rout ing S t r e a m s  W i l i l i i n  a System 

With t h e  SEPHTS-MOD4 program, s p e c i a l  v a r i a b l e s  were used t o  move an 

o r g a n i c  stream from one p l a c e  i n  t h e  system t o  ano the r .  These v a r i a b l e s  

are n o t  r e q u i r e d  by t h e  CONSEP'C program because t h e  s a m e  f u n c t i o n  can be  

accomplished wi th  t h e  c o n t r o l l e r s .  It is  impor tan t  t o  keep i n  mind t h a t  

t h e  program does n o t  r e a l i z e  t h a t  i t  i s  r o u t i n g  a stre,m w i t h i n  t h e  

system. The program j u s t  responds t o  a p a r t i c u l a r  f eed  stream c o n t r o l l e d  

i n  a p a r t i c u l a r  way. 

For an  exampI.e, t h e  o rgan ic  stream l e a v i n g  s t a g e  5 i s  t o  be  rou ted  

t o  s t a g e  2 .  We can cons ide r  t h i s  as an  o r g a n i c  feed  stream t o  s t a g e  Z 

while  t h e  stream l e a v i n g  s t a g e  5 i s  a product  stream. W e  would l i k e  

every  aspect of t h e  feed  s t ream t o  be  i d e n t i c a l  t o  t h a t  of t h e  product  

stream. I n  d e s c r i b i n g  t h e  feed  stream t o  stage 2 ,  t h e  v a l u e s  on t h e  

feed-stream ca rd  are o n l y  i n i t i a l  v a l u e s  and can be  set  as d e s i r e d .  I:n 

t h e  subsequent  c o n t r o l l e r  c a r d s ,  t h e  c o n t r o l l e r  f o r  each v a r i a b l e  i s  s e t  

t o  monitor  t h e  cor responding  v a r i a b l e  i n  s t a g e  5 ;  t h a t  i s ,  t h e  c o n t r o l l e r  

f o r  t h e  a c i d i t y  of t h e  o r g a n i c  feed  stream t o  s t a g e  2 i s  se t  t o  monitor  

t h e  a c i d i t y  of t h e  o r g a n i c  phase i n  s t a g e  5 (and hence,  t h e  a c i d i t y  oE 

t h e  product  stream l e a v i n g  s t a g e  5 ) .  R e c a l l i n g  t h e  e n t i r e  a c t i o n  of a 

three-[node c o n t r o l l - e r ,  t h e  o u t p u t  o f  t h e  c o n t r o l l e r  i s  g iven  by 

The o v e r a l l  intent :  of t h i s  p a r t i c u l a r  c o n t r o l l e r  i s  t o  r e q u i r e  t h a t  t h e  

a c i d i t y  of t h e  o r g a n i c  feed  to  s t a g e  2 be e q u a l  t o  t h e  a c i d i t y  of  t h e  
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organic phase in stage 5, or C = m at all times. 

appears alone is in the proportional term, so the integral and derivative 

control should be removed by setting Ki = K d 
Ignoring the error band (N = 0 . 0 )  leaves 

The only place where m 

= 0.0 on the input card. 

C = Sc + K (m - Sm) . 
P 

The obvious solution to the problem is then achieved if S = sm = 0.0 
C 

and R = 1.0. The maximum and minimum values must be set to accommodate 

the expected range. This completes the description of  the controller for 

acidity. The same idea i s  used for the controllers for each of the other 

feed-stream components. The following cards are the solution to this 

example and will have the effect of using any organic solution flowing 

out of stage 5 as the feed to stage 2. 

P 

0.0 40.0 0.0 1 1  FEED STREAN CARD 2 2 0.0 0.0 0.0 0.0 0.0 
1 5 2 1 0.0 1.0 0.0 0.0 0.0 0.0 10.0 0.0 
2 5 2 2 0.0 1.0 0.0 0.0 0.0 0.0 300.0 0.0 
3 5 2 3 0.0 1.0 0.0 0.0 0.0 0.0  100.0 0.0 
6 5 2 u 0.0 1.0 0.0 0.0 0.0 0.0 50.0 0.0 
5 5 2 5 0.0 1.0 0.0 0.0 0.0 0 .0  1.0 0 . 0  
6 5 2 6 0.0 1.0 0.0 0 . 0  0.0 0.0 1.0 0.0 
f 5 2 7 0.0 1 .0  0.0 0.0 0.0 0.0 

CUNTROLLYB C A P O S  

1 

4 5 2 B 0 . 0  1 .0  0.0 0.0 0.0 0.0 100.0 0.0 I5 
'1 1 70.0 20.0 

Minor variations 011 this idea are numerous. Heaters or coolers on 

the stream are specified by adjusting the temperature controller. Elimi- 

nating the temperature controller will keep the feed-stream temperature 

constant at its initial value ( 4 O O C  in this case). Evaporators merely 

require different values for the proportional gain in E q .  ( 4 6 ) .  For 

example, 2.0 for concentrations and 0.5 for the flow rate will double the 

concentrations as if half of the solution had been boiled away. 

7.2 Inserting Errors in "Uncontrolled'' Feed Streams 

It is sometimes instructive to know how a particular system w i l l  

react when the feed streams are not accurately known. This can be tested 

with the use of controllers because many types o f  errors can be  produced 

by them. Strictly random errors are generated by using the noise on the 

cantroller. Systematic errors (square waves o r  sine waves) can be pro- 

duced by properly manipulating the on/o€f and three-mode controlling 
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schemes. A random walk e r r o r  r e s u l t s  f r o m  manipula t ing  t h e  three-mode 

c o n t r o l l i n g  scheme i n  y e t  ano the r  manner. Ingenu i ty  w i l l  undoubtedly 

l end  t o  o t h e r  e r r o r  forms. 

7 . 2 . 1  Random e r r o r s  
--I_ 

Suppose w e  want t o  impose a random e r r o r  on the feed-stream f low 

r a t e  ( 2 . 5  L / s  t 5%) whi l e  l e a v i n g  t h e  c o n c e n t r a t i o n s  c o n s t a n t .  Using 

t h e  three-mode o p e r a t i o n  from E q .  ( 4 5 ) ,  i t  i s  immediately appa ren t  t h a t  

o n l y  a s m a l l  p a r t  o f  t h e  o p e r a t i o n  i s  necessa ry  t o  ach ieve  t h e  s imple  

e r r o r .  S e t t i n g  t h e  p r o p o r t i o n a l  g a i n  (K ) t o  ze ro  leaves o n l y  
P 

c = s C (I +a.>. (47 ' )  

Thus t h e  set  p o i n t  f o r  t h e  c o n t r o l l e d  v a r i a b l e  i s  equa l  t o  t h e  nominal 

f low r a t e  (S = 2 . 5 ) ,  and t h e  n o i s e  i s  set  t o  t h e  proper  l eve l  (N = 5.0) .  

The o t h e r  v a r i a b l e s  on the c o n t r o l l e r  card  do n o t  a f f e c t  t h e  r e s u l t ,  b u t  

t hey  should  s t i l l  be  set t o  r easonab le  v a l u e s .  I n  t h i s  ca se  t h e  c o n t r o l -  

l e r  i s  set t o  inonitor i t s e l f ,  and t h e  o t h e r  c o n s t a n t s  are  s e t  t o  ze ro .  

'The maximum and minimum are set  a p p r o p r i a t e l y .  The c a r d s  t o  do t h i s  

axe  reproduced h e r e .  

C 

7 1 3.0 300.0 3.0 0.0 0.0 0.0 60.0 2 . 5  1 1 PPPD STREkY C L S D  
R 7 3 R 0.0 3.0 0.0 0 . 0  2 . 5  5 .0  2 . 6 3  2 . 3 7  0 CO'ITFOLL!!R CAPO 

On/off c o n t r o l l e r s  can be used i n  a s i m i l a r  manner t o  g i v e  random 

v a r i a t i o n s  about  c '  and c '  on o f f  - 
7 . 2 . 2  Sys temat ic  e r r o r s  

~ 

When random e r r o r s  are used as i n  Scct. 7 . 2 . 1 ,  t h e  e r r o r  changes each 

time increment  s o  t h a t  w i t h i n  a few s t a g e s ,  t h e  impact. of t h e  e r r o r  w i l l  

be  s e v e r e l y  moderated,  A s y s t e m a t i c  p r r o r  o r  an  e r r o r  t h a t  var ies  i n  a 

more predictab1.c  manner w i l l  a f f e c t  t h e  system i n  a d i f f e r e n t  way. System- 

a t i c  e r r o r s  can be  produced w i t h  many d i f f e r e n t  methods. The two examples  

desc r ibed  here are o n l y  i l l u s t r a t i o n s  of t h e  more g e n e r a l  t echn iques .  
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The f i r s t  method w i l l  produce a squa re  wave us ing  an on/of f  c o n t r o l l e r ;  

t h e  second method w i l l  produce a s i n e  wave u s i n g  a three-mode c o n t r o l l e r .  

A squa re  wave is  a s imple  consequence of  an on/off  c o n t r o l l e r .  

R e c a l l i n g  t h e  g e n e r a l  scheme from F i g .  4 ,  t h e  v a l u e s  f o r  c '  and c '  on o f f  
can  be used as h igh  and low c o n d i t i o n s  f o r  t h e  squa re  wave. The on ly  

q u e s t i o n  remaining i s  how t o  switrch between t h e  "on" and "off"  c o n d i t i o n s  

o r  how t o  set S and S In t h e  case of t h e  s t a g e  7 feed-s t ream f low 

ra te  (2.5 L / s  + 5%),  t h e  swi t ch ing  mechanism can be set  by r e a l i z i n g  t h a t  

when t h e  f eed  rate changes from 2.5 4- 5% t o  2 . 5  - 5%, t h e  flow ra te  

l e a v i n g  t h a t  s t a g e  w i l l  a l s o  begin  t o  change. Thus i f  t h e  feed f low 

rate c o n t r o l l e r  is  set t o  monitor t h e  f low r a t e  l e a v i n g  s t a g e  7 ,  S and 

S can be  se t  n e a r  t o  t h e  expec ted  maximum and minimum f low rates. The 

c a r d s  f o r  t h i s  case are shown h e r e .  

U L .  

U 

L 

7 1 3.0 300.0 3.0 0.0 0.0 0.0 60.0 2.5 1 1 FPPO S T ? E a Y  C I F D  
3 -7 1 8 3.60 3.00 0.0 9.0 0.0 0.0 2.?75 2.625 0 CONT3OLLVR Tlip'D 

When t h e  f low r a t e  l e a v i n g  s t a g e  7 exceeds 3.60 L/s, t h e  feed-stream 

f low ra te  t o  s t a g e  7 i s  changed from 2.625 t o  2.375 L / s .  Decreas ing  t h e  

f eed  f low ra te  w i l l  e v e n t u a l l y  d e c r e a s e  t h e  flow rate  l e a v i n g  t h e  s t a g e .  

The t i m e  r e q u i r e d  f o r  t h e  f low ra te  t o  d imin i sh  depends on t h e  volume 

p r o p o r t i o n a l i t y  c o n s t a n t s .  When t h e  flow rate l e a v i n g  s t a g e  7 f a l l s  

below 3 . 4 0  L / s ,  t h e  feed-stream flow ra te  i s  changed back t o  2 . 6 2 5  L / s ,  

t h u s  compIeting t h e  c y c l e  t h a t  forms t h e  wave. 

I n  t h i s  c a s e  t h e  squa re  wave is very r e g u l a r  and symmetric, spending 

as much t i m e  "on'' as " o f f . "  

i n g  t h e  v a l u e s  f o r  S and S c l o s e r  t o  o r  f u r t h e r  f rom t h e  a b s o l u t e  extreme 

flow ra tes  expec ted  f o r  s t a g e  7 ( i n  t h i s  case 3.625 and 3.375 I , / s  s i n c e  

t h e r e  is a 1.0-L/s stream coming from t h e  p rev ious  s t a g e ) .  

Wore i r r e g u l a r  waves can be formed by adjust-  

U L 

The c o n t r o l l e r  

can be made t o  change a t  random i n t e r v a l s  b y  mon i to r ing  a n o t h e r  Eeed 

stream which h a s  a n o i s e  band and s e t t i n g  S and S i n  r e l a t i o n  t o  t h a t  

n o i s e  band, 
U I, 

S i n u s o i d a l  e r r o r s  o r  e r r o r s  w i t h  o t h e r  shapes  can be achieved  i n  a 

more i n d i r e c t  manner. I n  t h i s  method a v a r i a b l e  e l sewhere  i n  t h e  system 

\ 
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which i s  changing i n  some d e s i r e d  f a s h i o n  i s  a d j u s t e d  and added t o  t h e  

nominal v a l u e  of t h e  feed-stream f low ra te .  Again i n  t h i s  c a s e  the  

aqueous f eed  f low rate t o  s t a g e  7 i s  t o  be 2.5 L / s  ? 5%. 
l a t i o n ,  t h e  tempera ture  i n  s t a g e  15 i s  somehow v a r i e d  s l n u s o i d a l l y  between 

30 and 60°C. 

c o n t r o l l e r  w i t h  K 

(m) i s  va ry ing  between 30 and 60; b u t  s i n c e  w e  would l i k e  a v a r i a t i o n  

about ze ro ,  S i s  set  t o  4 5 .  m 
The p r o p o r t i o n a l  g a i n  (K ) i s  used t o  s c a l e  t h e  +15 t o  t h e  d e s i r e d  15% 

of 2.5 L / s ,  so K = 0.008. The se t  p o i n t  f o r  t h e  c o n t r o l l e d  v a r i a b l e  

(Sc) i s  t h e  nominal f low rate .  

In t h i s  ca lcu-  

The s o l u t i o n  starts w i t h  E q .  ( 4 6 ) ,  which is  a three-mode 

= Kd = N = 0.0. The v a l u e  f o r  t h e  monitored v a r i a b l e  i 

Thus, m - Sm w i l l  va ry  from -15 t o  15 .  

P 

P 
The f i n a l  e q u a t i o n  i s  

C = 2.5 4- 0.008(m - 4 5 )  . ( 4 8 )  

When t h e  v a l u e  of t h e  monitored v a r i a b l e  v a r i e s  from 30 t o  60'6, t h e  

v a l u e  of t h e  c o n t r o l l e d  v a r i a b l e  ( t h e  flow r a t e )  w i l l  v a r y  between 2.38 

and 2.62 L / s .  The c a r d s  t o  do t h i s  are shown here.. 

7 1 3.0 300.0 3.0 0.0 0.0 0.0 60.0 2.5 1 1 P PED S T R E L I  C L R D  
n 15 1 7 45.0 0.008 0.0 0.0 2.5 9.0 2 . 6 2  2.37 0 C O N T R O L L E R  CLPI) 

9.2.3 P,andom walk e r r o r s  

Random walk e r r o r s  are e n t i r e l y  d i f f e r e n t  from t h e  random e r r o r s  

d i scussed  i n  Sec t .  7.2.1. With a random walk t h e  c o n t r o l l e d  v a r i a b l e  

wanders w i t h i n  an i n t e r v a l  r a t h e r  t han  c o n s t a n t l y  jumping w i t h i n  t h e  

i n t e r v a l .  The walk u s e s  a mechanism whereby t h e  new v a l u e  f o r  t h e  con- 

t r o l l e d  v a r i a b l e  i s  on ly  s l i g h t l y  changed from i t s  p rev ious  v a l u e .  Th i s  

i s  accomplished by having  t h e  c o n t r o l l e r  monitor i t se l f  so t h a t  t h e  v a l u e  

of t h e  monitored v a r i a b l e  (111) i s  a l s o  t h e  p rev ious  v a l u e  of t h e  c o n t r o l l e d  

v a r i a b l e  ( C ) .  S t a r t i n g  w i t h  

the i n p u t  c a r d ,  h u t  a l lowing  
Eq .  ( 4 5 )  and a g a i n  s e t t i n g  K i d  = K = 0.0  on 
f o r  n o i s e ,  r e s u l t s  i n  

The expres s ion  i n  b r a c k e t s  i s  s i m p l i f i e d  by s e t t i n g  K = 1.0 and Sc = 
P 

s = 0.0 t o  g i v e  m 
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Thus t h e  new v a l u e  of t h e  c o n t r o l l e d  v a r i a b l e  w i l l  be  changed on ly  s l i g h t l y  

from i t s  p rev ious  v a l u e  i f  t h e  n o i s e  is  reasonab ly  s m a l l .  For t h e  example 

of t h e  f low rate,  t h e  e r r o r  i n t e r v a l  i s  from 2.37 t o  2 . 6 3  L I S .  
t h e  f l o w  r a t e  wander r a t h e r  t h a n  jump around w i t h i n  t h e  i n t e r v a l ,  t h e  

n o i s e  band (N)  i s  set  t o  a s m a l l  f r a c t i o n  o€ t h e  i n t e r v a l  w id th .  1 ~ 1  t h i s  

case t h e  l a r g e s t  f low rate change from one t i m e  increment t o  t h e  nex t  i s  

0.021 L / s  o r  8% of t h e  wid th  of t h e  i n t e r v a l  (N = 0 . 8 4 % ) .  The c a r d s  

used f o r  t h i s  example are p resen ted  h e r e .  

To make 

7 1 3.0  300.0 3.0 0.0 0.0 0.0 60.0 2.5 1 1 PFED S T R E i Y  CI IPD 
9 7 3 P 0.0 1.0 0.9 0.0 0.0 0.R4 2.6: 2.37 0 C n N T S O L L E R  'APD 

The random walk is  l i m i t e d  by t h e  maximum and minimum v a l u e s  s p e c i f i e d  

(with some a l lowance  f o r  t h e  n o i s e  band s i n c e  t h e  n o i s e  is  imposed a f t e r  

t h e  maximum/minimum tes t ) .  Th i s  method has  a s l i g h t  b i a s  toward t h e  

minimum v a l u e  because  t h e  s i z e  of a s t e p  i s  smaller i n  t h a t  r eg ion .  Th i s  

would be  e s p e c i a l l y  n o t i c e a b l e  i f  t h e  minimum were ze ro .  Tf t h e  v a l u e  

of t h e  c o n t r o l l e d  v a r i a b l e  e v e r  became z e r o ,  E q .  (50) would then  produce 

o n l y  zero.  These b i a s e s  can be l i m i t e d  o r  changed by man ipu la t ing  S 

and Sm o r  by i n c l u d i n g  some amount of d e r i v a t i v e  c o n t r o l .  
C 

7 . 2 . 4  R e s u l t s  from t h e  example e r r o r s  

The d i f f e r e n c e s  between t h e s e  types  of e r r o r s  are shown J.n F i g .  6 .  

With random e r r o r s ,  t h e  flow ra te  jumps around w i t h i n  t h e  s p e c i f i e d  

range.  With square-wave e r r o r s ,  a p e r i o d i c  s h i f t  between the  "on" and 

"off"  v a l u e s  i s  produced. The s i n u s o i d a l  v a r i a t i o n  i n  t empera tu re  w a s  

conver ted  t o  a s i n u s o i d a l  e r r o r  i n  t h e  flow r a t e  i n  t h e  t h i r d  example. 

F i n a l l y ,  t h e  f low rate w t t h  t h e  random walk e r r o r s  wanders w i t h i n  t h e  

g iven  i n t e r v a l  w i thou t  jumping around too much. The CONSEPT program can 

produce o t h e r  forms of similar e r r o r s  by p r o p e r l y  s e t t i n g  t h e  c o n s t a n t s  

f o r  t h e  c o n t r o l l e r s .  

7 . 3  Genera l  Mathematics Using C o n t r o l l e r s  

A t  t i m e s  i t  w i l l  be  u s e f u l  t o  have t h e  program perform mathemat ica l  

o p e r a t i o n s  a u t o m a t i c a l l y  t o  o b t a i n  a r e s u l t  t h a t  is  subsequen t ly  used f o r  
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Fig. 6 .  Results from the errors used as examples. 

controlli-ng the process. Examples of  this are plutonium reoxidation 

(adding), estimating uranium concentrations (subtracting), measuring 

inventories (mu1ti.pS.ication) , and calculating plutonium contents (divi- 

sion) .  These operations are all. examples of indirect moni.toring o r  

controlling in which pseudo-stages are created exclusively to do the 

given o p e r a t i o n .  A large degree of careful consideration is required 

to construct the soS.utions to these problems, 
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7.3.1 Addit i o n  

Using t h e  program t o  add t w o  o r  more v a r i a b l e s  is  r e l a t ive ly  easy .  

I n  t h i s  example t h e  problem i s  t o  r e o x i d i z e  any p lu ton ium(I I1 )  l e a v i n g  

s t a g e  14 .  
t r a t i o n  t o  t h e  plutonium(1V) c o n c e n t r a t i o n .  The f i n a l  r e s u l t  w i l l  be  

used as t h e  plutonium(1V) c o n c e n t r a t i o n  i n  t h e  f eed  t o  s t a g e  15. 

Th i s  i n v o l v e s  only  t h e  a d d i t i o n  of t h e  p lu ton ium(I I1 )  concen- 

One easy  way t o  perform a d d i t i o n  i s  w i t h  f l o w  rates as shown i n  

Fig.  7. I f ,  

Af  20 ,= 

f o r  example, t h e  f low rate of t h e  aqueous f e e d  stream t o  

ORNL BWG 80-236 

Pu (nr) Pu (nr) 
CONCENTRATION A f  21 = CONCENTRATION 
IN STAGE 14 

TOTAL Pu 

IN STAGE 44 
A24 = CONCENTRATION 

Fig .  7 .  An example u s i n g  flow rates t o  add c o n c e n t r a t i o n s .  

s t a g e  20 (A ) i s  set e q u a l  t o  t h e  plutonium(1V) c o n c e n t r a t i o n  and t h e  

f low rate t o  s t a g e  2 1  (A ) i s  set e q u a l  t o  t h e  p lu ton ium(I I1 )  concen- 
f 2 0  

f 2 1  
t r a t i o n ,  t hen  t h e  f low ra te  o u t  of  s t a g e  21 (A ) will b e  the sum of 

t h e  two c o n c e n t r a t i o n s  w i t h  some amount of t i m e  d e l a y .  Equat ing  t h e  

f eed  f low rates t o  t h e  c o n c e n t r a t i o n s  is done i n  e x a c t l y  t h e  same manner 

as is d i s c u s s e d  i n  S e c t .  7 . 1  where t h e  Feed a c i d i t y  w a s  set e q u a l  to t h e  

a c i d  c o n c e n t r a t i o n  i n  a n o t h e r  stage. The c a r d s  r e q u i r e d  t o  pe r fo rm t h i s  

a d d i t i o n  and t o  t r a n s f e r  t h e  r e s u l t i n g  s o l u t i o n  t o  s t a g e  1 5  are repro-  

duced h e r e .  

21 

15 1 0.0 0.0 
1 1u 1 1 0.0 
2 1u 1 2 0.0 
3 2 1  1 9 0 . 0  
7 14 1 -l 0.0 
9 14 1 0 0.0 

9 1 9  1 3 0.0 

8 14 1 4 0.0 

20 1 0.1) 6.0 

2 1  1 0.0 0.0 

1u 1 1000.0 0 

0.0 0. 0 3. 0 0. D 0-0 
1.0  0.0 0.0 0.0 0.0 
1.0  0.0 0 . 0  0.0 0.0 
1 .0  0 .0  3.0 0.0 0.0 

1 .0  0.0 0.0 0.0 0.0 

1.0 0. 0 0.0 0.0 0.0 

7 . 0  0.0 0.0 0.0 0.0 

1.0 0.0 0.0 0.0 0.0 

0.0 0. 0 0.0 0.0 0.0 

0 "0 0.0 0.0 0.0 0.0 

0. D 1 1  PFED S T l E R l  C I ' D  

i ] C q U T R O L L E R  C R P D J  

0.0 1 1  F3ED S T H E h R  CAFD 
0 COVTBOLLER GIRD 

FEED S T ? ? & ?  C a s 9  0.0 0 1  
0 CONTRJLLSR C A R D  

D R 3 D U C T  5T??h!? C 4 P D  

5"  0 0.0 
200.0 0.0 
100.0 3.0 
70.0 20.0 1 
10.0 0.0 0 

100.0 0.0 

100.0 3.0 

This  i d e a  can be extended t o  we igh t ing  t h e  v a r i a b l e s  by changing t h e  

p r o p o r t i o n a l  g a i n .  Averaging two numbers u s e s  0 . 5  as the  p r o p o r t i o n a l i t y .  
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7 . 3 . 2  S u b t r a c t i o n  
-I 

Although s u b t r a c t i o n  i s  merely a d d i t i o n  of  a n e g a t i v e  number, t h e  

program w i l l  n o t  a l l o w  t h e  same s o l u t i o n  as f o r  a d d i t i o n .  The program 

w.iLl.1 no t  a l l o w  a n e g a t i v e  c o n c e n t r a t i o n  o r  f low ra te ;  however, the pro- 

gram w i l l  a 1 l . o ~  n e g a t i v e  t empera tu res ,  and t h e s e  can be  used f o r  sub t r ac -  

t i o n .  Cons ider ing  o n l y  one phase,  t h e  tempera ture  r e s u l t i n g  from t h e  

a d d i t i o n  of two streams would be  a f low ra te  weighted average .  The 

averaging  must be cons ide red  when de termining  t h e  p r o p o r t i o n a l  g a i n s .  

For t h i s  example w e  would l i k e  t o  estimate t h e  aqueous uranium 

c o n c e n t r a t i o n  i n  s t a g e  4 by u s i n g  t h e  d e n s i t y  and tempera ture  i n  t h e  

s t a g e .  The equa t ion  used f o r  t h e  estimate i s  

(51) 
ik U 1 O O O ( p  - 0 .9  - 0.0013T) . 

We can r eo rgan ize  t .his t o  

u = l O O O ( r ,  - 0 . 9 )  - 1 . 3 T  . (52) 

Employing Eq. ( 4 6 )  f o r  two s e p a r a t e  tempera ture  c o n t r o l l e r s ,  t h e  0.9 

becollies t h e  scl po in t  f o r  t h e  monitored dens j  t y  (S ) . The 1000 and -1.3 

are t h e  p r o p o r t i o n a l  g a i n s  (K ) ,  bu t  because w e  are empl-oying tempera ture  

as  t h e  mechanism f o r  t h e  s u b t r a c t i o n ,  we iiiust cons ide r  t-he impact of 

Eq. (16)  f o r  c a l c i i l a t i n g  tempera tures .  For t h i s  example Eq .  (16) can be  

reduced t o  

m 

P 

A T 
1- A2T2 

A 1- A2 
1 1  

1 
T = -L__-- ( 5 3 )  

IJsi.~ig e q u i v a l e n t  f l o w  r a t e s ,  

T = 0 . 5 ( T  1 4- 'r2) . ( 5 4 )  

Thus, t o  o b t a i n  k h e  proper  sum ( o r  d i f f e r e n c e ,  i n  t h i s  example) ,  t h e  

p r o p o r t i o n a l  ga in  i s  doubl-ed as shown i n  t h e  f i n a l  s o l u t i o n  i n  F ig .  8. 

-..__I 
+< 

This  equa t ion  i s  n o t  based on d a t a  and i s  g iven  on ly  f o r  t h e  sake 
of example. 
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Fig. 8. An example using temperatures in subtraction. 

The controllers are specified by the following cards. 

uranium concentration is the resulting temperature in stage 35. 
The estimate of 

3u  1 L O  0.0 0.0 0.0 0.3 0. I! 0.0 1.0 1 1 FEED STYEA7 C l l F O  
500.0 3.0 0 C O Y T Q O L L E R  C i P D  7 u 110 0 - 0  2 0 0 0 . 0  0.0 0.0 0.0 0.0 

1 1 1 7 0.0 -2.6 0.0 0 . 0  0.0 0.0 0.0 -500.0 0 C O N T R O L L E R  C 4 R D  
35 1 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 1 . 0  o 1 P F E D  sraEay c a p n  

This method can also be used f o r  addition. In fact, each concentration 

in stage 35 could have been used for a separate addition problem (keep- 

ing in mind that plutonium and the reductant will react if both are 

present in the stage). 

f o r  the phase density, o r  for the distribution coefficients if both 

phases are present in the stage. However, since these pseudo stages 

are being used exclusively f o r  ulterior motives, a second phase should 

not be present and the density should be ignored. 

These methods will result in terrible answers 

7 . 3 . 3  Multiplication and division 

Multiplication and division in the COMSEPT program exploit the com- 

ponents with distribution coefficients equal to zero: 

reductant, and inextractable nitrates. To multiply or divide, an organic 

feed stream containing one of these components is contacted with an 

aqueous stream. 

so the steady-state mass balance being exploited is 

plutonium(III), 

All of the solute must transfer to the aqueous  phase, 

x = Oy/A . (55) 

For multiplication, the aqueous flow rate can be unity. For division, 

the organic flow rate or concentration can be unity. An important added 
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consideration is that extreme fl.ow rat ;.os will not work as described 

[see Eqs. (17) and (18)]. 

An example of multiplication is the inventory in a stage. The 

volume is multiplied by the concentration. The following cards will 

calculate the aqueous uranium inventory i n  stage 7 according t o  the 

scheme shown in Fig, 9 .  The product of the multiplication is the aqueous 

reductant concentration in stage 23. 

2 3  1 0.0 0.0 0.0 0.0 0.0 0.0 UO.0 1.0  1 o F P S D  s r S E i 7  C R R D  
2 3  2 0.0 0.0 0.0 0 . 0  0.3 3.0 UO.0 3.0 0 1 F'ED ST3947 C L S I )  

5 -7 1 2  0.0 1.0 0.0 0.0 0.0 0.0 300.0 0.0 1 C O N T R O L L E R  C 4 P I )  
A 7 1 9  0.0 1.0 0.0 0.0 0.0 0.0 100.0 0.0 0 C O I T 3 O L L E R  CLRD 

ORNL DWG 80-238 

Of23 = STAGE 7 AQUEOUS VOLUME 
= STAGE 7 AQUEOUS U ~ A ~ I ~ M  ~ ~ ~ ~ ~ ~ ~ ~ A ~ I ~ ~  Yf 23 

A23 = 1.0 

= STAGE 7 A 
INVENTORY 

'23 
x23 

P i g .  9 .  An example using the reductant concentration t o  multiply. 

For an example of division, we will determine the plutonium as a 

percent oE heavy metal leaving the system at: stage 1.8. The solution t o  

this problenis shown in Fig. 10 .  The f low rate for the aqueous feed 

-7. b i g .  10. An example using the reductant concentration to divide, 
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stream to stage 31 is the uranium concentration in stage 18. 

rate for the aqueous and organic feed streams to stage 32 is the 

plutonium(1V) concentration in stage 18. A reductant concentration of 

100 is used t o  obtain the percentage as opposed to the fraction. 

cards for this example are shown here. 

The flow 

The 

1 1 F E O D  STREi’I  C a R b  

1 1 PEE0 STSERI CARI)  

3 1  1 0.0 0.0 0.0 0.0 0.0 0.0 Y O . 0  0.0 

3 2  1 0.0 0.0 0 .o 0.0 0.0 0.0 40.0 0.0 

32 2 0.0 0.0 0.0 0.0 100.0 0.0 u O . O  0.0 

0 , 0  0 . 0  300.0 0.0 0 CCIUTROLLER C A Q D  

0 C D R T R O L L P R  CAP9 

3 18 1 3 0.0 1 . 0  0.0 0.0 0.0 0.0 1 1 0 . 0  0.0 0 C O N T ~ O L L P R  CAD? 

9 1n 1 2 0 .0 1 . 0  0.0 0.0 

9 18 1 3 0 .0  1.0 0.0 0.0 0.0 0 . 0  100.0 0.0 
o i P F E D  srQYh7 C A R D  

7 .4  Batch Operations 

The equations in the CONSEPT program are written f o r  continuous 

operations, but semicontinuous or batch operations can be performed with 

careful use of the controllers. Batch processing, in this context, is 

the filling and draining of tanks with intermediate solutions. An example 

of this type of operation is the semicontixuous concentrator shown in 

Fig. 11. The entering stream is continuous, but the product stream is 

ORNL DWG 80-2 

STEAM 

t 
-100 g/9. u 
p -1.21 k g / n  
0.1 4 / s  

0.13 rna1/4 HNO3 
6 . 4  g/S U 
0.4 g / 9  Pu 
0.4 91s 

CONCENTRATOR 

Fig. 11. A semicontinuous concentrator. 

removed only when the density of the solution is within a prescribed 

range. 

concentration factor desired, the product cannot be drained continuously 

at the required f l o w  rate. Thus, a method must be found to open a valve 

on the product stream only when the proper density is achieved. To 

maintain proper mass balances in the system, the s o l u t i o n s  must accumu- 

late when the product is not being removed, and drain when the product 

is being removed. 

Because of the low concentration of the entering stream and the 
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A solution to this problem is shown in F i g ,  12. Stage 28 merely 

provides the entrance for the feed stream and is not necessary if the 

I 

Fig. 12. A solution to the semicontinuous concentrator problem. 

feed to the concentrator ordinarily flows from the previous stage. The 

feed stream to stage 29 is the recirculated product from stage 30. This 

provides the tank action since any solution flowing o u t  o f  the bottom of 

tlw tank (stage 30) is simply put back into the top (stage 29). In this 

example, the rec.i-rculation stream also provides the concentrating action 

due to the specification of tlhe proportional gains. 

Given the tank act ion described above, the product stream leaving 

stage 29 is the only way that solutes can leave the  concentrator. This 
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product stream, in conjunction with the feed stream to stage 3 0 ,  provides 

the valve action that makes this a semicontinuous process. The product 

stream is constantly draining the concentrator at its given flow rate 

(0.1 L/s), but the feed stream to stage 30 acts to counter the draining. 

The concentrations of the feed stream to stage 30 are controlled to be 

equal to the concentrations of the product stream. 

feed stream is controlled by an on/off controller. 

is turned on, the effect is simply to reinsert the product stream that 

w a s  removed from stage 29. Conversely, when this feed stream is turned 

off, the product stream is not reinserted and the concentrator drains. 

The following cards describe this solution. 

The flow rate o f  the 

When th-ls feed stream 

PEED ST"p4i4 C4f'T) 
FEED S T D P h '  CAP9 

1 30 1 1 0.0 2.0 0.0 0.0 0.0 0.0 6.0 0.0 
2 '0 1 2 0.3 2.0 q ,  0 0.0 0.0 0.0 7011.0 0.0 \ ) CONTROLLER C A R D S  
3 '0 1 3 0.0 2.0 0.0 0.0 0.0 0.0 3 0 0 . 0  3.0 
9 '0 1 A 0.0 0.5 0.0 0.0 0.0 0.0 1000.0 0 . 3  0 

30 1 2 - 0 2  95.A 7 . 6 1  0.0 0. Q 0.0 3 5 . 0  0 . 1  0 1  FEE3 S T a F 4 *  CAPD 
1 29 1 1 0.0 1.0 0.0 1.0 3.0 0.0 6.0 0.0 
7 29 1 2 0.0 1 .0  9.0 0.0 0.0 0.0 7JO.0 0.0 i ] ' J O N T P O L L P R  rRFC7S ' 2 0  1 3 0.0 1.0 0.0 7 . 0  0.0 0.0 '00.0 3.0 
7 29  1 7 0.0 1 . 0  0.0 3.0 0.0 0.0 60.0 1 0 . 0  1 
a -29 110 1.22 1 . 2 0  0.0 0.0 0.0 0 . 0  0.0 9.1 0 

29  1 0 . 1 3  6.U 0.u 0. 0 0.0 0.0 u o . O  0.P 1 0  
2 4  1 U.03 100.U 15.1 0.0  0.0 0.0 69 .0  0 . 3 O 1  1 1 

A consequence of recirculation of the solutes is that errors in the 

calculations are also recirculated. This accumulation of errors may lead 

to significant overall deviations from ideal mass balances if special. care 

is not given to the selection of a s u i t a b l y  small value for DTHETA. 



8. ShMPLE CALCULATIONS U S I N G  THE CONSEPT PROGRAM 

The fo l lowing  examples demonst ra te  how t h e  CONSEPT program can be 

a p p l i e d  t o  s p e c i f i c  problems. In each case t h e  i n p u t  c a r d s  f o r  t h e  pro-  

gram are g iven  w i t h  t h e  r e s u l t i n g  computer o u t p u t .  The examples i l l u -  

s t ra te  several u s e s  of t h e  program and c o n t a i n  several s o l u t i o n s  f rom 

Sec t .  7 .  

8.1 Sample C a l c u l a t i o n  f o r  a Simp1.e Flowsheet 

Tn t h i s  example, n o t h i n g  complicated i s  be ing  done, no c o n t r o l l e r s  

are be ing  used ,  and no t r i c k s  are r e q u i r e d .  The u s e r  w i l l  merely be  

in t roduced  t o  the program by fo l lowing  t h e  progrclss of  a c a l c u l a t i o n .  

The system be ing  modeled, 2 uranium s t r i p p i n g  column (Fig .  1 3 ) ,  i s  

t h e  s a m e  example as was used t o  demonst ra te  SEPHIS-MOD4.' 

parameters  are  set a r b i t r a r i l y  so t h a t  each  s t a g e  h a s  a 1-min r e s i d e n c e  

t i m e .  Due t o  the use  of  S I - m e t r i c  u n i t s ,  t h e  f low rates  i n  t h e  f i g u r e  

have been conver ted  t o  those  found i n  t h e  o u t p u t  (Table  9 ) .  The c a r d s  

used t o  produce t h i s  o u t p u t  are  reproduced he re .  

The volume 

2 6 n.3 35.0 0 9  
SPCPIL'N 9. 1 h'4 ' Y R Y P L E  C A L C ' J L A T I O N  FT)P 4 SIYPLE 

TU15 E X 4 M P L 5  I S  A ' J P L N T ' J Y  S T R I F P I N G  
1 2 . 5  1 3 0 . 0  UO'3.0 0.0901 1 0 1 9 0 

1 1 0 . 1 5  0.0 0.0 0.0 0.0 3.0 
6 2 0 . 2 5  50.3 0.0 rj. 0 0.0 3.0 
1 20.0 5 . 7  0.025 0.0333 9 

12 .5  10000.0 10000.0 0.0001 0 0 3 0 0 
0.0 0.0 

S T k R T  4 NEW C A S E  
P L O W S H E E T  T I T L S  C R Q 9  
C 3 L U Y  N. T I T L E  C 4 0 3  

S T L 2 T  R T T q E  P P R I a D  
2 5 . 0  D.25 1 0 P E E 9  STRFA1 C A P D  
5 5 . 0  0.1667 0 0 PPfD S T 9 Y k 7  C t F D  

VOLUIE C O Y S T R N T  C A P D  
S T L R T  R T I Y E  P Y R I 3 D  
PYC O F  T H I S  CAS!! 

Not ice  i n  the o u t p u t  t h a t  a t  t h e  s tar t  of t h e  calculat . i .ons ( e l apsed  

t i m e  --- 0.0  s ) ,  o n l y  t h e  feed  streams are print:ed i n  t h e  p r o f i l e .  Th i s  

occur s  because t h e  program w i l l  n o t  l i s t  a s t a g e  wirh  zero  volume, and 

a t  t h e  start  of t h i s  c a l c u l a t i o n ,  t h e  system i s  empty. 'The volume 

gradual.1.y b u i l d s  w i t h  t h e  p r o g r e s s i o n  of t i m e  and more s t a g e s  are 1- i s ted  

i n  t h e  p r o f i l e .  I n  the S i n a l ,  s t e a d y - s t a t e  p r o f i l e ,  the changes i n  con- 

c e n t r a t i o n s ,  t empera tu res ,  f low rates, and volumes have f a l l e n  below t h e  

convergence t o l e r a n c e ,  
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AQUEOUS DEPLET 
ORGAN 

ORGAN 
PRODUCT FEED 

ORGAN 
FEED 

ED 
IC 

IC 

IO A/min 
50 g / &  U 
0.25 M HNO, 
55 OC 
30% TBP 

Fig. 13.  A six-stage uranium s t . r i p p i n g  column. 
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Table  9 (continued) 

D T P E T A  = 1 . 2 5 0 E + 0 1  S, DPRINT = 1 . 0 0 E 4 0 4  S ,  T S T O P  = 1 . 0 0 E + O 4  S,  C O N V E R G E N C E  TOLERANCE = 1 . 0 0 E - 0 4  % / S 

E L I P S E D  TIME = 5 9 8 7 . 5  S 
AC@EOUS P H I S P  
S T A G E  INITRIC A C I D !  U R A Y I O R  I 
NC. I ( R O L / L ,  1 (G/L) I 

I I I 
1 I l . : o O P - o l  I 0.0 I 
1 I 1 . C l O E - 0 1  I 2 . O B 6 E + 0 0  I 
2 I 1 . F 1 9 E - 0 1  f 6 . 4 l O E + 0 0  I 
3 1 1.524E-01 I 1 . 2 6 8 E + 0 1  I 
4 I 1 . E 3 1 E - 0 1  I 2 . 0 0 7 E t 0 1  I 
5 I 1 . E 3 3 E - 0 1  Z . Y 1 4 E + O l  f 
E, I 3 . O Q 7 E - 0 I  I 3 . 2 6 5 € + 0 1  1 

SECT 

eu (XI 
LG/L) 

0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  

ON 9 . 1  A N  EXAMPLE C I L C U L I T I O N  F3.9 A S T R P L E  FLOUSHEET 

I PO (111) 1 REDUCTANT I N I T R A T P  IONITEKPERATUREI 
I ( G / L )  I (fiOL/L) I ( R O L / L )  1 iDEGREES C) I 
I I I I I 
I 0 . 0  I 0.0 1 0.0 I 2 . 5 0 0 E t 0 1  f 
1 0.0 I 0 . 0  I 0.0 1 2 . 5 0 0 E + 0 1  1 
1 0.0 1 0.0 I 0.0 I 2 . 5 0 2 E + 0 1  1 
1 0.0 I 0.0 1 0.0 I 2 . 5 0 8 E t 0 1  f 
1 0.0 I 0.0 I 0 - 0  [ 2 . 5 3 6 € + 0 1  1 
I 0.0 1 0 . 0  1 0.0 1 2 . 6 S R E + O l  I 
1 0.0 j 0.0 I 0.0 1 3 . 1 8 9 E t 0 1  I 

PLOW PATE 
( L / S )  

2 . 5 0 0 2 - 0 1  
2. 5 0 0 B - 0 1  
2.500E-0 1 
2.500E-0 1 
2 . 5 0 0 E - 0  1 
2.5OOE-01 
2.500E-0 1 

I Y O L 3 P . E  I D F N S I T Y I l A X  C U N G E  
I I (LITERS1 

f PEED STREAM 
I 1 . 5 0 0 E t 0 1  I 1.301181 S . 5 1 E - C S  
I 1 . 5 0 0 E + 0 1  I 1 . 0 1 0 7 (  6 . 6 7 F - 0 5  
I 1 . 5 0 0 E + 0 1  I 1 . 0 1 9 l l  4 . 0 3 E - 0 5  
I ? . 5 0 0 E + 0 1  f 1 . 0 2 9 1 (  2.43E-05 
I ? - 5 O O E + O l  1 1 . 0 4 0 0 (  1 . 3 0 E - 0 5  
I 1 - 5 0 0 E + 0 1  I 1 . 0 4 $ 2 (  7 . U P F - 0 6  

t I (KG/I) 1 I ( 7  / S) 

C R G A H I C  PHASE 
STliGE [ N I T F I C  ACID( U R A N I U R  1 ?U ( I V )  I 0;l (111) I REDUCTANT INITRATE IDNITE3PEFf iTORE1 PLOW R I T E  I POLWEE IDENSITPfRAX C H N C f  
HC. 1 (!?Ol/L) I ( G / L )  I (G/L) I ( G / L )  1 ( 1 O L / L )  I ( I IOL/L)  I ( D E G R E E S  C) I ( L / S )  1 (LITERS) 1 ( K G / L )  1 ( g  / S )  

I I I I I 1 1 I I I I 
1 1 1 . 0 4 3 E - 0 2  I 1 . 0 4 2 E 4 0 0  I 0.0 I 0.0 I 0.0 I 0 .0  1 2 . 5 0 0 E + 0 1  I 1 . 6 6 7 E - 0 1  I 1 . 0 0 1 E + 0 1  I 0 . 8 1 7 9 1  9.52E-05 

3 I 1 . 3 2 U E - 0 2  f 1 . 0 6 5 E + 0 1  I 0.0 1 0.0 f 0 . 0  1 0.0 I 2 . 5 0 8 E t 0 1  1 . 6 6 7 E - 0 1  ( 1 . 0 0 1 E 4 0 1  0 . 8 3 1 1 (  6.66E-05 
4 I 1.UOOE-02 I 2 . 0 0 6 F + 0 1  I 0.0 I 0.0 I 0.0 1 0.0 I 2 . 5 3 6 2 4 0 1  I 1 . 6 6 7 T - 0 1  1 1 . 0 0 1 E t 0 1  f 0 . 8 4 3 9 1  3 . 6 5 F - 0 ' ;  
5 1 1 . E O B E - 0 2  1 3 . 1 1 3 E t 0 1  I 0.0 j 0.0 1 0.0 1 (7.e 1 2 . 6 5 8 E + 0 1  I 1 . 6 h 7 E - 0 1  I 1 . 0 0 1 E * 0 1  I 0.85841 ?.57P-C5 
6 1 3 . 0 3 7 2 - 0 2  I 4 . 3 2 S E + 0 1  1 0.0 I 0.0 I 0.0 1 0.0 1 3.189E+01 I 1 . 6 6 7 3 - 0 1  I 1 . 0 0 1 E + 0 1  I 0 . 8 7 2 2 1  5 . 6 5 E - 0 6  
6 2 . 5 0 0 E - 0 1  I 5 . 0 0 0 E t O l  f 0.0 I 0.0 J 0.0 j 0.0 I 5.500E+01 I 1 . 6 6 7 E - 0 1  1 F E E D  STREAM 

2 I 1. 1 8 8 E - 0 2  4.170E+00 I 0.0 I 0.0 1 0 . 0  I 0.c I 2 . 5 0 2 E * 0 1  I 1 . 6 6 7 E - 0 1  1 l . O O I E * O l  I 0 . 8 2 2 2 1  8 . 9 6 E - 0 5  LE 
a 
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8 . 2  Sample C a l c u l a t i o n  f o r  Flowsheet Design 

This  example i s  a p a r t i a l  p a r t i t i o n i n g  column us ing  hydroxylamine 

n i t r a t e  as the r e d u c t a n t .  The system be ing  inodeled i s  shown i n  F ig .  1 4 .  

The f low r a t e  of t h e  o r g a n i c  backscrub i s  t o  b e  c o n t r o l l e d  based on t h e  

uraniurn c o n c e n t r a t i o n  i n  t h e  aqueous product .  The c o n t r o l l e r  i s  set  t o  

ach ieve  a 3O-glL c o n c e n t r a t i o n  i n  t h e  aqueous p roduc t .  The c o n s t a n t s  i n  

ORGANIC 
URANIUM 
PRODUCT 

ORNL-RWG 79-20528 
ORGANIC FEEQ 
36% TBP ORGANIC 
0.2 mol/P HN03 BACKSCRUB 
80.0 919 u 30% TBP 
0.8 g/B Pu 
40" c 40" e 
0.01 1 1 s  ? A I S  

0.801 mol/& HN03 

AQUEOUS STRIP 
O 3 moi/I. HN03 
0.1 mol/& MAN 
40. e 
0 002 $1, 

PRODUCT 
30.0 gsp. u 
4.0 g/p. Pu 
0.002 A I S  

Fig .  14 .  A tun-s tage  p a r t i a l  p a r t i t i o n i n g  columii, 

tile three-mode c o n t r o l l e r  equa t ion  were chosen by c o n s i d e r i n g  how a 

change i n  t h e  f low rat13 would a f f e c t  t h e  c o n c e n t r a t i o n  and how long  t h e  

system would r e q u i r e  t o  change the c o n c e n t r a t i o n .  The i n i t i a l  p r o f i l e  

w a s  p r e v i o u s l y  c a l c u l a t e d  by t h e  program. Because t h e  g o a l  o f  t h i s  com- 

p u t a t i o n  i s  f lowshee t  d e s i g n  r a t h e r  than t r a n s i e n t  s i m u l a t i o n ,  %he volume 

c o n s t a n t s  are se t  a r b i t r a r i l y  t o  give a r e s i d e n c e  t i m e  of % I O 0  I; f o r  each 

s t a g e .  

The r e s u l t s  i n d i c a t e  that  t h e  f low ra te  of t h e  o r g a n i c  hackscrub 

r e q u i r e d  t o  ach ieve  a '3O-g/L uranium c o n c e n t r a t i o n  i n  t h e  product  stream 

i s  0.4  mT,/s f o r  t h e  g iven  system, Figlire 15 shows how t h e  uranjim con- 

c e n t r a t i o n  and t h e  backscl-ub f l o w  r a t e  changed w i t h  t i m e .  The i n p u t  
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W 
0.4 

g s 
LL 0.3 

u 0.1 
6 
c3 
LL: 
0 

0.0 
E 
Q w -  
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$ 30 
I- 
V 
3 
0 
0 
(r a 

z 

6 

c" to z 
w 
0 
2 
0 
0 

E 

z 
2 

ORNL DWG 80-2f  

Q 
LL: 

0 
3 0  

0.5 1 .o 4.5 
TIME ( k s )  

2 .0 

Fig. 15. The uranium concentration and backscrub flow rate response 
in the partial partitioning column. 
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2 . 9 1 7 - 0 1 6 . 3 9 E  0 1 0 . 3  1 . 9 1  5 - 0 7 1 . 3 0 E - 0 1 1 .  00E-01 U. OOE 0 1 2 . 0 0 9 - 0 3 2 . 0 0 E - 0 1  9 
2 . 2 3 P - 3 2 7 . 1 8 F  010.0 0.0 0.0 0.0 U . 0 0 2  0 1 1 .  10E-021.  12E 0 0  
2 . 4 9 E - 0 1 8 .  36E 0 1 2 . 0 0 E - 0 3 2 .  DOE-01 
1. R R  F- 0 28. 35E 0 13. URE-0 90.0 0.0 0.0 4 . O O E  0 l l . l O E - 0 2 1 . 1 2 E  00  
2.OOE-O19.05? 015 .29E-065.63E-OU 1 . 0 0 ~ - 0 1 1 . O O E - O l U . 0 0 S  0 1 2 . C D B - 0 3 2 . 0 5 2 - 0 1  
l . R 5 F - 0 2 R . 7 0 -  0 1 1 . 9 B E - 0 6 0 . 0  0.0 0 .0  u.0OS 0 l l . l O E - 0 2 1 . 1 2 E  00  
3 . 2 7  E- 0 19. 13 E 0 1 2 . 0 0 ~ - 0 3 2 . 0 0 E - 0 1  
2 . 0 5 E - 0 2 8 . 8 3 F  011.03E-040.0  0.3 0.0  U.0OS 011.10!-021.12E 0 0  
U. 3 7 r - 0 1 8 . 6  1E 0 1 1 . 4 U E - 0 2 9 . 6 0 Y - 0 1 a . . 2 4 E - 0 2 ~ . 6 U P - 0 2 U . 0 0 ~  0 1 2 . @ 0 E - 0 3 2 . 0 0 E - 0 1  
2 . 7 2 P - 0 2 8 . 8 U E  3 1 5 . 6 2 E - 0 3 0 . 5  0.9 0 . 0  U.039 0 1 1 . 1 0 9 - 0 2 1 .  12E 00  
7. lUv-017.0?'E 0 1 ? . 2 0 E - 0 1 3 .  05E 30n.72F-023.72E-02U.OOE 0 1 2 . 0 0 9 - 0 ? 2 . 0 9 E - 0 1  
U. 5 9  E- 02  P. ? S  F 0 1 1 . 5 c  E- 0 10.0 0.0  0 . 0  U . O O F  0 1 1 . 1 0 5 - 0 2 1 .  12E 00  
1 . 2 6 E  OOU. USE 0 1 7 . 1 6 E - 0 1 3 . 6 1 E  0 3 R . U o E - 0 2 9 . ~ " E - 0 : U . 0 0 E  0 1 2 . 0 0 ~ - 3 3 2 . 0 O E - O 1  
~ . ~ ~ E - o z B . u ~ E  o i ~ . 1 2 ~ - 0 1 0 . 0  0 . 0  0.0 U.00E 0 1 1 .  1 0 Z - 0 2 1 . 1 2 E  00 
1 . 2 9 P  003. 56F 016.U6E-0  1 3 . 7 2 1  008. UU1-029. UUE-02U.OOE 0 1 2 . @ 0 ? - 0 3 2 . 9 O E - o 1  
1.36P-r)  17 .9  ?E 3 1  6. U6E-0 1 0 . 9  0 . 0  0 . 0  a.30pI 0 1  1 . 0 0 E - 0 2 1 . 2 3 9 - 0 1  
1 . 3 1 F  001. e 2 E  0 1 4 . 6 U O - 0 1 3 . m ?  008 .  U2'-029.U2?-024.  OOF 0 1 2 , 0 0 Y - 0 2 2 . 0 3 E - 0 1  
1.U9E-016. 1UE 0 1 7 . 2 3 E - 0 1 0 . 0  0.3 0.0 u.OOF 0 1 1 . 0 0 F - 0 ? 1 .  2OE-01 
1 . 2 1 F  0OU. 89F OOl.Q2P-0  13 .81E 008. U1E-028.  U1E-02U.002 0 1 2 . 0 0 E - 0 3 2 .  DIE-01  
2. 1OF-012.  66E  01U.q1E-O10.0 0.0 0 .0  4 . 0 0 5  d1  1.OOE-031.20E-01 2 

0 1 9 . 3  1 E-Oe l .  d3E- 05 1 . 0 0 E - 0 1 1 . 0 0 E - 0 1  U. OO? 

0 12. qP E- 0 43.36E- 020. QCE- 02  9. ?qF- 0 2 b .  OOE 

c a r d s  t h a t  were used t o  produce t h e s e  r e s u l t s  are p resen ted  he re .  The 

o u t p u t  i s  shown i n  Table  1 0 .  

I N I T I A L  P g O F I L E  

8 . 3  Sample S imula t ion  of P l a n t  Opera t ions  

Th i s  example I l l u s t r a t e s  many of t h e  con t ro l - l e r  o p e r a t i o n s  exp la ined  

i n  Sect.  7 .  The system bei-ng simul.ated, shown i n  F ig .  1 6 ,  i s  in t ended  t o  

p rov ide  a copsosessed product  ( U P )  wi thou t  t h e  u s e  of a plutonium 

r e d u c t a n t .  

decontaminat ing t h e  excess uranium t h a t  leaves i n  t h e  1BP o r g a n i c  product  

stream. The r e s u l t s  o f  

t h i s  c a l c u l a t i o n  show how an  a c t u a l  p l a n t  might operate ( a l though  a l l  t h e  

parameters  were chosen h y p o t h e t i c a l l y  and t h e  e r r o r s  were c o n t r i v e d  f o r  

t h e  sake of  example).  

c a l c u l a t i o n .  

Plutonium i s  s t r i p p e d  from LIE o r g a n i c  phase i n  the l B  column, 

The Elowsheet w a s  o r i g i n a l l y  devised  by T e d d e r e 5  

The i n i t i a l  p r o f i l e  w a s  produced by a prev ious  

The HA column i s  t h e  e x t r a c t i o n  column. The aqueous f eed  (WAF) 

e n t e r s  i n  stage 3 .  

of t h e  square-wave form and show t h e  i n f l u e n c e  of d i f f e r e n t  d i s s o l v e r  

s o l u t i o n s  from a b a t c h  d i s s o l v e r  system, One of t h e  s o l u t i o n s  h a s  a 
h i g h e r  heavy metal c o n c e n t r a t i o n  and a lower acidi.1.y. The f low r a t e  

The c o n c e n t r a t i o n  e r r o r s  i n  t h i s  f eed  are pr l tnar l ly  



Table 10. Sample calculation f o r  flowsheet design 

C D I S E P T  CONTROLLER-RUN S O L V E l T  EXTRACTION PROCESS T E S T I N G  PROGPAR DECSAEER 1979 VERSION 
PUFEX PROCESS WSING 30.0 '% TB? 

SECTTON 8 . 2  A N  EXAYPLE CALCULATIOW F O R  FLOWSHEET DESIGN 
THIS EXAHPLE I S  A PARTIAL P A R T I T I O N I N G  COLrJflN. THE URANIUPI  
CONCENTRATION IN STAGE 10  I S  USED TO CONTROL THE P L O W R A T E  
CP THE 3RGAMIC EACKSCRCB ENTERfNS STAGE 1 0 .  

3 T E E T I  = 2 . 5 0 0 E t 0 1  5 .  DPRINT = l .OOE+OU S ,  TSTO?  = 1 . 0 0 E * 0 4  S,  CONVERGENCE TOLERANCE = 1.00E-04 X / S 
NEWIN = '1 N E W  FEED STREAMS W X L L  B E  S P E C I F I E C  
HEUOUT = 0 IRI PRESENT ?RODDCT STREARS WILL BE U S E D  
I V C L  = 1 NEW VCLURE CONSTANTS WILL BE S P E C I F I E D  
T F R O  = 1 h N E W  B A N K  P R O F I L E  W I L L  BE S P E C I F I E D  
IFNCH = 0 TAE F I N A L  P R O P I L E  % I L L  R O T  BE PUNCHED 
I R X N  = 3 RPCUCTION Or PLUTOAIU? B Y  HYDPOXYLAYINE 

FLOW QATE 

( W S 1  o\ 
1 t I I I f I I w 

1 I ?.000E-01 \ 0.0 I 0.0 1 0.0 1 1.OOOE-01 f 1.OUOE-01 I Y . O O O F + O l  1 2 . 0 0 0 E - 0 3  AQUEOUS 
7 1 2.000E-01 I 8.000F',:,O1 1 8.000E-01 1 0.0 0.0 1 0.0 I (1.030E401 I 1.000E-32 O S G A A I C  
'IO I 1.000E-03 0.0 I 0.0 1 0.0 I 3.0 1 0.0 1 U . ' ? 0 0 E + O l  I 1.000E-33 ORGANIC 

PBCCES S COHTROZL ER I N F O R R A T I Z E  
P F E O  STRERA V h B I X B L E  I V A R I A E L E  BEING USED ICONTROL1SET POIRT]PROP G A I N (  INTEGRAL IDERIVATYEI SET ? D I N T I  E R R O R  ( P I A X  V A L U E 1  318 V A L O E  
B E I N G  CCNTROLLED [ A S  CCNTFOLLER I t iPCT I TYPE {OB UPP2B ICR LCWER I T I l E  I T I N E  ( F O F  CVTRLI BAHC 1 @ I ?  1 OR 
S T G f  Q A R I l B K E  1 STG( V A R I A B L E  I 1 S P T  POINT1 S E T  POINT1 I I V A R I A P L E  I ION V A L U E  lOFF  Y A L U E  

I I 
1013PG P E E D  P L O W R h T E I  

I 
101 AQDEOUS (1 R A N I!1 M 

I 
I 3- RODE 

1 I I 
1 3,0OF+Oll 2 . 0 0 E - 0 5 4  

VQIUIU? CONSTINTS STAGE TOTAL V O L U O E  B Q  SET P3INT .4Q CONSTANT 

1 
2 

u 
5 
6 
7 
H 
9 

1 0  

7 

2 . 2 0 0 E - 0 1  
2.200E-01 
2.2ooe-3 1 
2.200E- 3 1 
2 .200E-0  1 
2 . 2 0 0 E - 0  1 
2 . 2 0 0 E - 0 1  
2.2001?-01 
2 . 2 0 0 E - 0  1 
2.2OOE-0 1 

0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
3 . 0  
0.0 
0.0 

1 . 0 0 O P - 0 2  
1.000E-02 
1.0 30E-0 2 
1 . 0 3 O E - 0 2  
1.OOOE-0 2 
1 . 0 0 0 E - 0 2  
1.003E-02 
t . OOOE-0 2 
1.000E-02 
~ . 0 0 0 2 - 0 2  

TEYPERATUHE 
(DFGREPS C) 

1 I I I I 
1 . 2 5 E + 0 2 (  0.0 I 1 . 0 0 E - 0 3 (  0.0 I 3 . 0 O E - 0 3 1  3.9 

OR CONSTANT 

1.000 E-0  2 
1.000E- 0 2  
1 . 0 0 0 E - 0 2  
1.000 E-0 2 
1 .000E-02  
1 . 0 0 0 E -  0 2  
1.000 E-0 2 
1.00OE-02 
1.000 E-0 2 
1 . 0 0 0 E - 0 2  
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Table 1 0  (continued) 

ELIPSED T I n E  = 1 0 0 0 0 . 0  S SECTION 9 . 2  L N  EXARPLE C A L C U L A T I O N  -OR PLOWSHEET DESIGN 
h Q C E O U S  PHASE 
STllGE f H I T R I C  K I D (  ORAVIIJ8 I PO ( I V )  1 PU (1x1) f RItDUCTIN? IWTTRATE IOH(TEf4PERATDREI PLOY RITE 1 V O L U N E  IDENSITY 

NC. I (ROL/L) I (G/L) I (G/L) ( (C/L) 1 (BOL/L) 1 (NOL/L) I ( D E G R E E S  Ct I (L/S/ I ( L I T E R S )  f ( K C / L l  
I I I I 1 I I I I I 

1 I 3.000E-07 I 0.0 I 0.0 I 0.0 I 1.000E-01 I 1.000E-01 f 4.000E*01 I 2 . 0 0 J E - 0 3  I P E E D  STREAR 
1 I 2 . @ 0 5 E - 0 1  f 6 , 2 9 8 8 4 0 1  I 0.0 1 8.789E-OS 1 1 . 0 0 0 E - 0 1  I l . 0 0 0 E - 0 1  I U.OOOEtO1 1 2.OOOE-03 1 2 . 0 0 0 E - 0 1  I 1 . l O U 8  
2 I 2 . 7 7 0 E - 0 1  1 8 . 3 3 9 E t O l  I U.524E-08 I 4 . 9 0 3 E - 0 6  I 1.000E-01 I t.000E-01 I U.OOOf+Ol 1 2 . 0 0 0 E - 0 3  I 2 . 0 0 0 E - 0 1  1 1 . 1 3 2 3  
3 2 . 8 4 2 E - 0 1  1 9 . 1 2 0 E * 0 1  I 2 . 6 4 2 0 - 0 6  I 2.700E-OU I 1 . 0 0 0 E - 0 1  I 1 . 0 0 0 E - 0 1  I U.OOOE431 I 2.000E-03 1 2 . 0 0 0 E - 0 1  1 1 . 1 4 3 1  
U 1 f . 1 3 2 E - 0 1  1 9 . 3 0 2 E 4 0 1  1 1 . 4 9 0 E - 0 4  I 1 . 5 2 0 E - 0 2  I Q . 9 9 U E - 0 2  I 9 . 9 9 Q E - 0 2  I 4 . 0 0 0 € * 3 1  1 2 . 0 0 0 P - 0 3  I 2.OOOE-01 1 1 . 1 U t S  
5 I 4 .OFOE-01 1 8.900E401 7.856E-63 5 . 7 8 6 E - 0 1  I 9 . 7 5 8 B - 0 2  9 .75RE-02  1 4.000E401 f 2.000E-03 I 2 .00OE-01  1 .1UQ5 
6 I 6 . 6 6 5 E - 0 1  f 7 . 4 9 2 E + 0 1  I 2 . 4 1 3 E - 0 1  2 . 7 2 9 E 4 0 0  I 8 . 8 5 8 E - 0 2  1 8 .B56E-02  I 4.000E+01 I 2.000E-03 f 2.000E-01 I 1 . 1 3 5 9  
7 I 1 . 2 2 s e t o o  I U . ~ ~ S E + O I  I 7 . 0 4 5 E - 0 1  3 . 3 8 8 ~ 4 0 0  i 8 . 5 9 2 E - 0 2  I e . 5 8 2 E - 0 :  I U . O O O E + L ~ ~  1 2 . 0 0 0 ~ - 0 3  I 2 . 0 0 0 ~ - 0 1  I 1 . 1 1 7 6  

C R F A B I C  FHllSl  
STliGE { N I T R I C  ACIDY 

NC. f {ROL/L) 1 
1 t 

1 1 2 . 2 5 0 E - 0 2  I 

3 I l . 8 0 7 E - 0 2  I 
14 I 1 . 9 4 7 B - 0 2  I 
5 I 2 . 5 0 9 F - 0 2  
6 I 4 .197E-02  I 
7 I 9. 8 6 1 E - 0 2  1 

2 1 i . e 7 ~ ~ - 0 2  I 

U R I H I O F  
(G/L 1 

7 . 1 1 7 E t 0 1  

8 . 7 2 1 E c 0 1  
B .R71E4@1 
R.QOEE+O 1 
B . 8 2 9 E t 0 1  

a. 3 2 ~ ~ + o  1 

e. 5 5 e ~ t o i  

3 , 4 P 6 E + 0 0  i 8 . 5 4 1 5 - 0 2  i 8 . 5 U l E - 0 2  I 4 . 0 0 0 ~ t a i  1 2.0002-03 I ~ . O O O E - O ~  i i . i i i 2  
3 . 5 5 9 E + 3 0  1 4 . 5 1 1 3 - 0 2  I 8 . 5 1 1 E - 0 2  I 4.000E401 I 2 . 0 0 0 E - 0 3  1 2 . 0 0 0 E - 0 1  I l . l l l r 3  
3.60eE+OO I 8 .U90E-02  I 8 . 4 9 0 E - 0 2  I 4-OO@E*01 I 2 . 0 0 0 E - 0 3  I 2 . 0 0 0 E - 0 1  I 1 . 0 9 2 7  

n A X  CHNCE 
( %  / 5 )  

0.0 
7.57E-C7 
2 . 2 0 F - 0 5  
0.0 
2 . 0 9 E - 3 5  
0.0 
5.38E-06 
1 . 5 4 F -  C3 
1.4FE-04 
9 . 7 4 E - 0 6  

0.0 0.0 
1.691r-08 I 0.3 
9 . 3 2 7 E - 0 7  1 0.0 
5.245E-05 1 0.0 
2 . 9 5 2 E - 0 3  
1 .12YE-01  
5.71UE-Ol 

7 I 2.OOOF-01 t 8 . 0 0 0 E + 0 1  1 8 . 0 0 0 E - 0 1  
9 1 8 . 9 0 7 P - 0 2  I 8.579ElOl I U.6'UE-01 
9 f 9. lSOE-02  1 9 . 4 6 3 E + O l  { 4 . 2 9 2 E - 0 1  

10 i 1 . 1 1 5 E - 0 1  I 7 . 3 3 3 E 4 0 1  I 4 . l u 9 E - 0 1  
10  I 1 . 0 0 0 E - 0 3  4 0.0 I 0.0 

P?J (IIi) I REDWTkHT ]NITRATE IONITE#PEICTUFE! FLOW P h T E  I Y O L U B E  ( D E W S I I T I ? A T  CHNGE 
(G/L)  1 ( R O L / L )  I (BOL/L) I ( D E G R E E S  C) t [L/S) I (LITERS) I [KG/I) I ( %  / S )  

i 0.0 
I 0.0 
1 0.0 
I 0.0 
I 0.0 
f 0.0 
1 0.0 
1 0.0 

1 0.0 
1 0.0 I 0.0 
1 0.0 1 0.0 
I 0.0 1 0.0 
f 0.0 I 0.0 
1 0.0 0.0 
I 0.0 I 0.0 
1 0.3 I 0.0 

I I 1 
1.0UOE-02 1 1 . 0 6 0 E + 0 0  j 3.90531 
1.04OE-02 1 1 . 0 6 C E 4 0 3  I 0 . 9 2 1 9 1  
1 . 0 4 0 E - 0 2  1 1.060E+09 I 3 . 4 2 7 2 1  
1 . 0 4 0 E - 0 2  I 1.060EiO0 I 0.42941 
1.04OE-02 I l .O60E+00 1 0 . 9 3 0 0 1  
1 . 0 2 0 E - 0 2  1 1 . 0 6 0 E * 0 0  I 0 . 9 Z F 7 1  
l . 0 4 O E - 0 2  I 1 . O G C E I . 0 0  1 0 . Q Z P i l  
1 , 0 0 0 0 - 0 2  I PEED STPEA!! 

3.975E-OU I 5 . 9 7 5 E - 0 2  I 0 . 9 2 6 9 1  
3 .975E-0U I 5 . 9 7 5 E - 0 2  I 0. 9 1  131 
3.975E-OU I P F E D  STREIn 

~ . ~ ~ s E - o u  1 5 . 9 7 5 ~ - 0 2  I 0 . 9 2 8 2 1  

0.0 
3 . c  
0.0 
5 .  G 
1 .  5 1 E -  C 5  
0.C 
3.3(IE-C6 

1.43E-03 
1 . O E E - O U  
5 . 2 5 E - 0 6  
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ORNL--DWG 79- 20530 

1 BP 

Fig .  16 .  A coprocess ing  f lowshee t .  

v a r i e s  randomly about  two p o i n t s ,  p rov id ing  a p o s i t i v e  b i a s  on t h e  e r r o r .  

'The r e c y c l e  stream (HAK) e n t e r s  a t  s t a g e  6 ,  This  stream comes f rom t h e  

c o n c e n t r a t o r  so t h e  c o n c e n t r a t i o n s  are c o n t r o l l e d  acco rd ing ly .  The f l o w  

ra te  p rov ides  t h e  b a t c h  o p e r a t i o n  s i n c e  t h i s  stream i s  tu rned  on o n l y  

when t h e  d e n s i t y  i n  t h e  c o n c e n t r a t o r  i s  i.n t h e  proper  range.  The s c r u b  

s t r e a m  (HAS) e n t e r s  s t a g e  1 and randomly v a r i e s  about  i.ts nominal f l o w  

rate.  The o r g a n i c  e x t r a c t a n t  (HAX) e n t e r s  s t a g e  1 2 .  The f l o w  rare and 

a c i d i t y  va ry  randomly. 

The 1 A  column i s  a p a r t i a l  p a r t i t i o n i n g  column. The o r g a n i c  product  

from t h e  HA colurnn i s  t h e  f eed  t o  t h e  1 A  column and e n t e r s  a t  s tage  15 .  
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The t r a n s f e r  i s  performed as d e s c r i b e d  i n  S e c t .  7 .1 .  

(1AS) e n t e r s  a t  s t a g e  13. 

Its  f low rate  i s  r e g u l a t e d  by a three-mode c o n t r o l l e r  used as a c o n t r o l -  

l e r .  

20% plutonium. 

The aqueous s t r i p  

The o r g a n i c  backscrub  (1AX) e n t e r s  s t a g e  18.  

The c o n t r o l l e r  i s  t r y i n g  t o  produce a coprocessed product  w i t h  

The 1 B  column p r o v i d e s  uranium p u r i f l c a t i o n .  The o r g a n i c  stream 

l e a v i n g  t h e  1 A  column i s  t r a n s f e r r e d  t o  s t a g e  27 ( n e a r  t h e  bottom of t h e  

1 B  column). 

plutonium from t h e  o r g a n i c  phase w h i l e  l e a v i n g  a l a r g e  f r a c t i o n  of t h e  

uranium. The 1BS f low ra te  u s e s  a random walk e r r o r .  The o r g a n i c  

backscrub  (1BX) e n t e r s  a t  s t a g e  28  and i s  c o n s t a n t .  The aqueous product  

l e a v i n g  t h e  column a f t e r  s t a g e  28 is  c o n c e n t r a t e d  i n  s t a g e s  29 and 30 

and r e c y c l e d  t o  t h e  HA column. 

The aqueous s t r i p  stream (1RS) i s  in t ended  t o  remove t h e  

Several pseudo-stages (some n o t  shown i n  F i g .  16) w e r e  used f o r  

S tages  29 and 30, which make up a semicontinuous s p e c i f i c  purposes .  

c o n c e n t r a t o r  as d e s c r i b e d  i n  S e c t .  7 . 4 ,  c o n c e n t r a t e  t h e  1 B R  stream t o  

t h e  c o n c e n t r a t i o n  level r e q u i r e d  i n  t h e  HAR r e c y c l e  stream. 

and 32 are used t o  c a l c u l a t e  t h e  r a t i o  Pu/ (U+Pu)  f o r  t h e  coprocessed  

product  (1A.P) as d e s c r i b e d  i n  S e c t .  7.3.3.  S t age  33 i s  an aqueous t a n k  

c o l l e c t i n g  t h e  coprocessed  product  stream l e a v i n g  t h e  LA column a t  

s t a g e  18. 
p roduc t  stream l e a v i n g  t h e  1B column a t  s t a g e  1 9 .  

S t ages  31 

S i m i l a r l y ,  s t a g e  34 i s  an o r g a n i c  t ank  c a t c h i n g  t h e  uranium 

The Pu/(U 4- Pu) r a t i o  produced i n  s t a g e s  31 and 32  i s  used t o  c o n t r o l  

t h e  flow rates i n  t h e  1 A  column. The I A S  f l o w  rate i s  c o n t r o l l e d  by an 
on/of f  c o n t r o l l e r .  I f  t h e  r a t i o  i n  s t a g e  32 ( r e f l e c t i n g  t h e  r a t i o  i n  t h e  

aqueous product  l e a v i n g  s t a g e  18) becomes t o o  h i g h ,  t h e  LAS f low rate w i l l  

be swi tched  t o  i t s  h i g h  v a l u e ,  t h u s  s t r i p p i n g  more uranium i n t o  t h e  

coprocessed  p roduc t .  

which moni tors  t h e  r a t i o  and a d j u s t s  t h e  backscrub  flow rate accord ing ly .  

The 1 A X  f low r a t e  uses  a three-mode c o n t r o l l e r ,  

The f o l l o w i n g  c a r d s  produced t h e  computer o u t p u t  t h a t  is  g iven  i n  

Table  11. The number of c a r d s  could have been reduced by r e a r r a n g i n g  

t h e  s t a g e s .  Many of t h e  c a r d s  serve on ly  t o  t r a n s f e r  streams w i t h i n  t h e  

system; r e a r r a n g i n g  t h e  s t a g e s  can reduce  t h e  number of t r a n s f e r s .  
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10 34 0.3 30.0 0 0 
SECTION 8 . 3  TPSTING A N  EXAMPLE OF PLlNT OPERATION 

THIS  EXAMPLE I S  OF A REPROCESSING PLANT PRODUCING h COPROCESSED 
PRODDCT. THE EXAnPLE ILLUSTRATES H A N T  OF THE IDEAS I N  SECTICN 7. 
SEVERAL STRFARB A R E  IOVED FROM PLACE TO PLACE I N  CRDER TO GIVE 
THE RECYCLE STREANS A N D  THE INTER-COLUHN STHEAYS. THE CONCENTRATOR 
I N  THIS  CALCULLTION I S  A SEMI-BkTCH OPERATION I N  STIGYS 2 9  AN0 30. 
SEVERAI TYPES CF ERRORS ARE APPLIED TO THE PEED STREAMS. THESE 

EPPOES IMPOSED I N  MANNERS NOT DESCRIBED. THE GENERAL RATA I S  USED 
I N  CONTFlOLLTNG A FLOWRATE ACCORDING TO THE PU/(U+PU) RATIO. 

1 1 3.0 0.0 0.0 0.0 0.0 0.0 35.0 0.035 1 1 
A 1 3 8 0 . 0 3 5  0.0 0.0 0 .0  0.035 5.0 0.04 0.03 0 

3 1 3.4 315.0 2.95 0.0 0.0 0.0 35.0 0.054 1 1 
1 -3 3 1 3.7365 3.3665 0.0 0.0 0.0 1.0 ?.40 3.70 
2 - 3 3 1 3 . 6  3.5 0.0 0.0 0.0 1.0 275.0 315.0 
3 -3  3 1 3.6 3.5 0.0 0.0 0.0 1.0 2.59 2.950 
9 - 3 3 9 0 . 0 5 5  0.048 0.0 0.0 0.0 5.0 0.049 0.052 0 

6 1 5 . 2  95.8 76.1 0.0 0.0 0.0 35.9 0.0 1 1  
2 2 9 1 2 0 . C  1.0 0.0 0.0 0.0 0.0 300.0 0.0 
3 2 9 1 3 0 . 0  1.0 0.0 0.0 0.0 0.0 300.0 0.0 
7 2 9 1 7 0 . 0  1.0 0.0 0.0 0.0 0.0 60.0 10.0 
8 - 2 9 1 1 0 1 . 2 2  1.2 0.0 0.0 0.0 0.0 0.1 0.0 0 

1 2 2 0 . 1 8  0.0 0.0 0.0 0.0 0.0 35.0 0.3 1 1  
1 1 2 4 1 C . 1 8  0.0 0.0 0.0 0.18 20.0 0.3 0.0 1 
8 1 2 U R 0 . 3  0.0 0.0 0.0 0.3 3.S 0.5 0.0 0 

13 1 0.8 0.0 0.0 0.0 0.0 0.0 20.0 0.255 1 1 
8 - 3 2 1 4 0 . 2 3  0.17 0.0 0.0 0.0 1.0 0.255 0.245 0 

1 5 2 0 . 3 9 9  58.0 0.549 0.0 0.0 0.0 35.0 0.284 1 1  
1 1 2 1 0 . 0  1.0 0.0 0.0 0.0 0.0 1.0 0.0 
2 1 2 2 0 . 0  1.0 0.0 0.0 0.0 0.0 200.0 0.0 
3 1 2 3 0 . 0  1.0 0.0 0.0 0.0 0.0 20.0 0.0 
7 1 2 7 0 . 0  1.0 0.0 0.0 0.0 0.0 50.0 30.0 1 
9 1 2 8 0 . 0  1.0 0.0 0.0 0.0 0.0 0 . 5  0.0 0 

1 8 2 0 . 0 1  0.0 0.0 0.0 0.0 0.0 20.0 0 . 0 8 2 5  1 1  
9 32 1 I( 0.20 -0.05 150.0 0.0 0.0825 0.0 0.0925 0.0825 0 

1 9  1 0.05 0.0 0.0 0.0 0.0 0.0 10.0 0.375 1 1 
9 1 9 3 8 0 . 0  1.0 0.0 6.5 0.0 0.3 0.43 0.37 0 

27  2 0.092 (17.1 0.445 0.0 0.0 0.0 20.8 0.354 1 1 
1 13 2 1 0.0 1.0 0.0 0.0 0.0 0.0 1.0 0.0 
2 1 3 2 2 0 . 0  1.0 0.0 0.0 0.0 0.0 200.0 0.0 
3 13 2 3 0.0 1.0 0.0 0.0 0.0 0.0 20.0 0.0 
7 1 3 2 7 0 . C  1.0 0.0 0.0 0.0 0.0 40.0 10.0 1 
9 1 3 2 8 0 . C  1.0 0.0 0.0 0.0 0.0 0.5 0.0 0 -  

28 2 0.0 0.0 0.0 0.0 0.D 0.0 10.0 0.9 1 0  
2 9 1 U . 0 3  190.4 15.1 0.0 0.0 0.0 60.0 0.391 1 1  

 RE OF THE TYPE DESCRIBED I n  SECTION 7, BUT ' IRERE A R E  A L S O  SOW 

10.0 2500.0 5000.0 0.0001 1 1 1 1 0 

i3 

K-J 

'i 
i3 

:3 

q 
q 

1 3 0 1 1 0 . 0  2.0 0.0 0.0 0.0 0.0 6.0 0.0 
2 3 0 1 2 0 . 0  2.0 0.0 0.0 0.0 0.0 300.0 0.0 
3 20 1 3 0.0 2.0 0.0 0.0 0.0 0.0 200.0 0.0 
8 30 1 8 0.0 0.5 0.0 0.0 0.0 0.0 1000.0 0.0 0 

3 0 1 2 . 0 2  95.9 7.61 0.0 0.0 0.0 35 .9  0.1 1 1  
1 2 ' 3 1 1 0 . 0  1.0 0.0 0.0 0.0 0.0 6.0 0.0 1 
2 29 1 2 0.C 1.0 0.0 0.0 0.0 0.0 300.0 0.0 
3 2 9 1 3 0 . 0  1.0 0.0 0.0 0.0 0.0 300.0 0.0 
7 2 9 1 7 0 . 0  1.0 0.0 0.0 0.0 0.0 60.0 10.0 1 
9 - 6 3 8 0 . C 9  0.01 0.0 0.0 0.0 0.0 0.0 0.1 0 

3 1 1 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 3.77 1 1  
8 1 8 1 2 0 . 0  1.0 0.0 0.0 0.0 0.0 200.0 0.0 0 

3 2 1 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 0.772 1 1  
8 1 8 1 3 0 . 0  1.0 0.0 0.0 0.0 0.0 20.0 0.0 0 

32 2 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.772 1 1 
8 1 9 1 3 0 . 0  1.0 0.0 0.0 0.0 0.0 20.0 0.0 0 

3 3 1 1 . 0 5  3.77 0.772 0.0 0.0 0.0 0.0 0.255 1 1  
1 18 1 1 0.0 1.0 0.0 0.0 0.0 0.0 10.0 0.0 
2 18 1 2 0.0 1.0 0.0 0.0 0.0 0.0 10.0 0.0 
3 1 8 1 3 0 . 0  1 .0  0.0 0.0 0.0 0.0 10.0 0.0 
8 18 1 8 0.c 1.0 0.0 0.0 0.0 0.0 10.0 0.0 0 

3 4 2 0 . 0 0 4  14.2 0.009 0.0 0.0 0.0 0.0 1 - 1 4  0 1  
1 1 9 2 1 0 . 0  1.0 0.0 0.0 0.0 0.0 200.0 0.0 
2 1 9 2 2 0 . 0  1.0 0.0 0.0 0.0 0.0 200.0 0.0 
3 1 9 2 3 0 . 0  1.0 0.0 0.0 0.0 0.0 200.0 0.0 
8 1 9 2 8 0 . 0  1.0 0.0 0.0 0.0 0.0 200.0 0.0 0 

1 2  1 1000.0 1 
13 2 1000.0 1 
18 1 1coo.o 1 
19 2 1000.0 1 
29  1 0.1 1 
30 1 l C O O . O  1 
3 1  2 1000.0 1 
3 2  1 1000.0 1 
33 1 1000.0 1 
34 2 1000.0 0 

START A NEW CASE 

TITLE CARDS 

START A TIME PERIOD 
FEED STREAM (HAS) 
CCNTBOLLER CLRD 
PEE0 STREAM (MA?, 

CONTROLLER ClRDS 

FEED ST9EAR (HARJ 

CONTBCLLBR CARDS 

FEED STREAN (HAX) 
CONTBCLLER CARD 
CONTROLLER CbRD 
PEED STREAM (1AS) 
CONTBOLLER CbRD 
PEED S'IREIH (HAP) 

CONTROLLER CARDS 

PEED STREAM (1AXJ 
CONTROLLER CARD 
PLED STREAII ( lBS)  
CCNTXQLLER CARD 
PEED STR,EAM ( 1 A U )  

CONTROLLER CARDS 

PEED STREAR ( lex)  
PEED S P R E A M  CARD 

CCNTROLLER CARDS 

PEED STREAN CARD 

CCNTROLL%R CARDS 

FEED S'IREAH (1AP 0)  
CONTROLLER CARD 
PFED STREAH (1AP PO) 
CONTBOLLER CARD 
PEED STREAM (1AP PO) 
CCHTROLLER CARD 
FEED STREAH (IAP) 

CCNTBOLLER CIRDS 

FEED STPEAN ( 1 8 P )  

CONTRCLLEA C4RDS 

PRCDUCT STREIH (HAW) 
PRODUCT STRELM (1AU) 
PRODUCT STREAH (1APJ 
PRODUCT STREAH (1BP) 
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1 8.0 0.0 0.02 0.04 
1 3  15 .0  0.0 0.02 0 . 0 2  
19  1 5 . 0  . O  0.05 0.035 
29 1000.0 0.0 0.01 0.01 
31 1 0 . 0  0.0 0.1 0 .1  
3 3  1oooo.o FOOO.O 0 . 0 1  0 . 0 1  

3 . 3 0 ~  006.032 O O ~ . O ~ E - O ~ O . O  

3.80r 005. 53E 008.69C-020.0 
8 .  P ~ E - O  1 5 . 7 5 ~  01  5. UTE-o io. o 
5. i 6 1 - a 1 5 : 6 6 ~  o ~ ~ . ~ s E - o \ o . o  

3.99 E-0 15.80E 015. U9E-0 10.0 

4 - 9 3  E 005 .49E  006 .82 t -010 .0  

4.96E 005.42E-029.04E-OU0.0 
9.28F-011.68E 002 .101-020 .0  
U. 0 5 2  005. U6E-0111.321-050.0 
9 .39E-0  11 .71  E-022.96E-OUO. 0 
0.95F 008.60E-065.39E-070.0 
9,39E-011.93P-0U6.UUE-0~0.0  

9.39 F- 0 16.17 E- 06 5.6 6 E- 0 7 0.0 
4.95E 003.19E-085.173-050.  0 
9 . 3 9 5 0  14. 52E-075.89E-OeO. 0 
4 . 9 1 1  001.72E-093.39E- 1CO.O 
9.35f-012.  79E-089.42 E-090.0 
P.68E 000.0 0.0 0.0 
9.15E-011.28E-0'42.342-100.0 

6.29E-010.0 0.0 0.0 
2.62E 000.0 0.0 0.0 
S.90E-010.0 0.0 0.0 
7 .  88E-011.55E 014.42E-010.0 

8.28E-012.  18E 017 .99E-010 .0  

1 . 1 2 f  001. 93E 017,58E-010.9 
1. 1 7 E - 0 1 6 . l l L  018.6CE-010.0 
l . 1 l E  001.62E Ol l . 06E  000.0 
1.23E-015.61E 011 .37E  0 C O . O  
1 . 1 1 €  001.OOF 011.15E 000.0 
1.86E-OlU.29E O l l . 8 7 E  000.0 
1.05E 003. 77E 007 .711-010 .0  
1.76E-Cl2.bBE O11.61E 000.0 
5.06F-Oi1.75E 01U. l lE -020 .0  
3.5'4 E-03 1 .42P 01 8.85 E-0 30 -0 
5.!lOE-022. l 4 E  019.19E-020.0 
3.84P-031.9BE 012. ? I E - O Z O . O  
5.082-022.  22E 011 .57E-010 .0  
3.89F-C32.08E 013 .92E-020 .0  
5 .  10E-022. 2 3 f  012.l42E-010.0 

5 .13E-022 .23E  01? .50F-010 .0  

5.2UE-022. 2 1 E  0 1 U .  8UE-0 10.0 
11.04E-0!2.03E 01 1.23P-010.0 
5.65E-022.17E 016.351-010.0 
4.40 E- 032.0 ' IC 01 1.6UE-0 10.0 
7 .32F-022 .06E  017.66E-010.0 
5.85E-031.98E 012.10E-010.0 
1.3 ;E-0 11.7 1 E 017.37  E-0 10.0 
1.19E-Oi1.93!! O12.UUE-010.0 
1 .18E-016 .98E  005 .373-010 .0  
8.70E-035.23E 001.18E-010.0 
2.02E 009.58E 017 .612  0 C O . O  
0.0 0.0 0.0 0.0 
2.02E 909. 52E 0 1 7 . 5 6 3  000.0 
0.0 0.0 0.0 0 .0  

u. 9 5  I 004.66  - 075.83 o- o fo. 

3.952 000-o  0.0 a.0 

9.22E-0iU.718 o ia .usE-010 .0  

e. 5 ip-025.77-2 01 7 . o ~ ~ o i n .  o 

3.90 E-032. OPE 016.OBE-020.0 

3.94F- 0?2.06e 0 1 8  -8SE-O io. 0 

0.n 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 
0.9 
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. n 

0.0 0.9 0.0 0.0 0.0 
0.0 0.0 0.0 1.713-010.0 
0. n 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 D.0 

0.0 0.0 0.0 0.0 0.0 

1 
1 
1 
I 
1 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0, D 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 

n. o 

3.5073 013.46 ' -021.73E 00 
3-50?! 012.8UE-011.303 07 
3.50E 013.U8E-021.7UE 00  
3.507 012.87E-011.3UE 01 
3 - 5 0 E  018.59T-OZU. 3 0 t  00 
3.50F 0~2.99E-011.0 '4E 01  
3.50E 018.5EE-024.29E 00 
3 .502  012.91E-011.  10E 0 1  
3.50E 018.60E-024.30E 00 
3.50E 012.9ZE-011. 1 0 2  01 
3-50? 018 .625-024 .31E  00 
3 - 5 0 ?  012.407-011.  10E 01 
3.50E 018.63E-02U. 32E 00 

3 .50E  018.6UE-02U.32E 00 
3.SOE 012 .962-011 .  11E 0 1  
3 .50E  018.64E-O2r(.3?E 00 
3 - 5 0 ?  0 1 2 ~ 9 8 E - O l l . l l E  0 1  
3 . 5 0 s  018.655-02U. 32C 00 
3.507 012.09E-011.  11E 01 
3 . 5 0 3  018.67E-024.333 00 
3 .50E  013.00E-611.12E 01 
3.50E 018.71P-024.36E 00 
3.50E OI3.COE-O11.11E 0 1  
2 .08E  012 .553-011 .27E  01  
2 . 0 8 F  013.5UE-012.OOE 01  
2.2UE 012 .55E-011 .27E  0 1  

2 .587  012 .55E-011 .273  0 1  
2 . 5 8 5  013.62E-012.04E 01  
2 . 5 8 3  012-55E-011 .28E  01  
2.581: 018.32E-026.41E 00  
2 . 5 7 E  012.55E-011.28E 01 
2.5'E 018 .30E-026 .39E  00 
2 . 5 1 3  012.55E-011.2EE 01  
2.51E 018.2'E-026.38E 00  
1.06E 013.7U?-Ol7.U8E 00  
1.06E O I \ . l U P  004 .02E  01  
1.12E 013 .743-017 .49E  00 
1 . 1 2 3  O l l . l U ?  004.01E 01 
1.1RE 013 .782-017 .5SE 00 
1.181: 0 1 1 . 1 4 3  O O U , O l E  0 1  
1 .23T  013.8UE-017.68E 00  
1 . 2 3 7  0 1 1 . 1 4 E  004,OOE 0 1  
1 - 2 8 ?  013.92?-017.85E 00  
1.29E 011 .15E  0 0 3 . 9 Q P  01 
1.33E 01U.ClE-018.02E 00 
1 - 3 3 ?  0 1 1 . 1 5 E  003.99E 01  
1 .39E  014.C9E-019. 17E 00 
1 . 3 8 %  0 1 1 . 1 5 9  OO3.7RE 01 
1.U3E OlU.13E-OlB.27E 00 
1.U3E 011.16E 003 .97E  01 
l.lr85 014.16E-018.32E 0 0  
1 . 4 8 3  011 .16E  003.97E 01 
1 .29C 01U. 16F-018.37E 00  
1.29E 018. C3F-012.96E 01  
3.59E 017 .92%-017 .92E  0 1  

3 . 5 0 ~  0 1 2 . 9 5 ~ 1 i i . i i ~  01 

2 - 2 8 ?  0 i 3 . 5 e ~ - o i 2 . 0 1 ~  n i  

3 .59E 010.0 0.0 
3.61E 017 .82F-017 .82E  01  
3.61'1 0 1 0 . 0  0.0 
3 .008  013.77E OO9.5OE 00 

3.00'1 01'4.56E 009.53E 00 
3 - 0 0 ?  017.979-01R.4'E D O  
3.OOE 010.0 0 .0  
3.00E 010.0 0.0 
3.65E 010.0 0.0 
3-65? 0 1 0 . 0  0 . 0  

3.00~ 0 1 ~ . 1 2 ~ - 0 1 8 . 6 2 ~  00 

VOLUME COUSTARTS (HA)  

V O L U M E  COWSTIMTS ( l e )  

3 VOLUME COUSThNT ChRDS 

V O L U H E  C O U S T ~ N T S  ( i n )  

IRITIlL PROFILE 

END OF THIS C b S E  

Because this example combines many of the i d e a s  d i s c u s s e d  in Sect .  7 ,  

it should be i n s t r u c t i v e  to i n s p e c t  the  resporises of the v a r i o u s  p o r t i o n s  

of t h e  system. Several streams were transferred w i t h i n  the system as 

d e s c r i b e d  i n  Sect. 7.1.  The c a l c u l a t e d  r e s u l t s  i n d i c a t e  that the t r a n s f e r s  

w e r e  completed as d e s i r e d .  
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Table 11 (continued) 

P R C D U C I  S T R E I O S  A R E  REMOVEC A T  STAGE PHASE RATE 
1 ORGANIC l . O O O E * Z O  

1 2  
1 3  
1 8  
1 9  
2 9  
30 
31 
3 2  
33  
34 
3 4  

AQUEODS 
ORSAff IC 
ACOEOUS 
O R C , A N I C  
b QO EO 1J S 
A PUEOU 5 
O R G A N I C  
A P U E 3 U S  
AQU PO US 
AQrJEOOS 
ORGbNIC 

l . O O O E * 0 3  
1 . 0 0 0 E t 0 3  
1 . 0 0 0 1 t 0 3  
1 . 0 0 0 E + 0 3  
1 . 0 0 0 E - 0 1  
1 . 0 0 0 E t 0 3  
1.000E*(J3 
1 , 0 0 O E * 0 3  
1.000E433 
1.0002+20 
1 . 0 0 0 E t 0 3  

V C I U . 1 9  CQNSTAITS STAGE 

1 
2 
3 
4 
5 
6 
7 
R 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
15 
16 
17 
1 8  
19 
2 0  
2 1  
2 2  
2 3  
2 u  
2 5  
26 
2 7  
2 9  
2 9  
30 
3 1  
3 2  
3 3  
3 u  

TOTAL V G L U U E  A9 SET P O I N T  &Q C3NSTbNT 

8 . 0 0 0 E t 0 0  
9 . 0 0 0 ~ 4 0 0  
9.000E*00 
8.000E400 

8.030”+00 
R. 0 ~ 0 E * 0 0  
8 . 0 0 0 P t 0 0  
R . O O O E + O O  
9.000Y+03 
8.300F+00 
9.0002+00 
1.500E4O 1 
1 .500E+01  
1 . 5 0 0 ~ + 0 1  
I .  5 0 0 E 4 0 1  
1 . 5 0 0 € + 0 1  
1.500Et31 
1.500a+01 
1.  5 0 0 ~ 0  t 
1.500E+01 
1.500”+01 
1.500E*3 1 
1.509E+01 
1. 5 0 0 E + 0 1  
1. 5009*0’1 
1.5OO2+Cl 
1.500E401 
1. O O O E c O  3 
1 .303E+@3 
1.000F+01 
1.0@3?+01 
1.900E+04 
1.70OP+01, 

a.oooc+oo 

0.0 
3 . 0  
0.0 
0 .0  
0.0 
3.0 
3.0 
9.0 
0.0 
3 . 0  
0. C 
0.0 
3.0 
0.0 
0 .3  
0.0 
3.0 
0 . 3  
3.0 
0.0 
0 . 3  
3 . 3  
0.3 
7.0 
0.0 
0.0 
0.3 
0.0 
3.0 
0.0 
0 . 0  
0.0 
9.000E+03 
9 O O O E +  $2  

2 . 0 0 0 ’ ) - 0 2  
1.00OE-02 
2 . 0 0 0 E - 0 2  
2 . 0 0 0 3 - 0 2  
2.00 02-0 2 
2.000E-02 
2 . 0 0 O E - 0 2  
2 .000E-02 
2 . 0 0 0 E - 0 2  
2 . O O O E - 0 2  
2.000E-02 

2 . O O O E - 0 2  
2.000E-02 
2 .OOOE-0  2 
2 .000E-02  
2.000E-02 
2 . 3 0 0 9 - 0 2  
5.03 OP-0 2 
5 . 0 0 O E - 0 2  
5.00 CE-02 
5.000E-02 
5.00 OE-0 2 
5 - 0 0 CE-02 
5.00 C F - 0 i  
5 - 0 0  OP-02 
5.OOOP-02 
5.000E-0 2 

t .003v-02 
1 . 0 0 0 ~ - 0  1 
1. 003E-01  
1 . 0 0 0 E - 0 2  
1 . 0 0 0 ! ? - 0 2  

2.  o m E - e ?  

1. F C O E - ~ ~  

OR COBSTANT 

4.0002-02 
4 . 0 0 3 E - 0 2  
8.053 E-0 2 
U.0OOE-02 
4.000E- 9 2  
4.000 E - 0 2  
l ( .OOOP-02  
4 . 0 0 0 E - 0 2  
(I. 0 0 0 2 -  02 
U.000E-02 
u 000 E-0 2 
4. 0 0 0 E - 3 2  
2.000E-0: 
2.000 E - 3  2 
2 . 0 0 0 E - 0 2  
2 . 0 0 0 E - 0 2  
2 . 0  OOE- 0 2  
2 . 0 0 0 E - 0 2  
3 . 5 0 0 E - 0 2  
3.500E-02 
3.500E- 02  
3 . 5 0 O E - 0 2  
3.500E-02 
3.500E-02 
3.50OE- 0 2  
3 * 5 0 0 3 E - 0 2  
3.500 E-0 2 
3 .500E-02 
I * 000E- 02 
1 . 0 0 0 E - 0 2  
1.000E-01 
1.000E-01 
1.000E-02 
1 . 0 0 0 E - 0 2  



Table II (continued) 

PR CCES S C O  NT R C  lL E R  
P E E ?  S T R E k B  V A R I A B L E  I V @ i R I A E L E  BEING USED I C O N T B O L I S E ?  P O I N T l ? H O P  GAIN1 INTEGRAL [ D E R I Y A T V E J S E T  P O I N T 1  ERROR [ F A X  V A L f l E l P i I N  V A L U E  
D E l N G  C O N T F O Z L E D  1 A S  COHTFOLLER I N P U T  1 TYPE I O R  UPPER IC8 LOWER 1 TIME I T I R E  !FOR CNTRLI B A N D  I OR S O R  
STGI V A R I R E L E  lSTGi V A S I A B L E  I I SET !'OI?ITi S Z T  POINT1 I V A R I A B S E  1 ] O N  ' J 4LIJF  {OF? V A L U F  

INFOR Nh TTC N 

1 I 
l j  A Q  FEED FLOWRATE! 
2 1  A Q  PEED HN03 I 
? j  A Q  ? E E D  O R A X I I J R  1 
31 4Q FEED Pi:  [IV) I 
3! A Q  PEED F L O W R A T E !  
6 1  A Q  FEED FXANITJfi 1 
6 1  X Q  P E Y D  PU (1'1) 
6 1  A Q  F E E D  TENP 1 
6 1  A Q  PEED PL3WRATEf 

121ORG PEED HN03 1 
I 2 I O R G  FEED F L O W R A T E I  
1 3 1  A Q  PEED FLOWRATE! 
? ! [OR( ;  PEED HW03 I 

I S I O R F  PEED PU (IV) I 
'lC10RG PEFD TENP I 
3 E I O R G  F E P D  PLOWRATE1 
I e j O R G  F F E D  FLoHRATEl 
791 A Q  P?ED FLOURA'IEl  
2 7 1 3 R G  F E E S  HN03 I 
2 9 1 0 R G  F E E D  VRANPVP1 J 
2 7 ( 0 N G  F E E 3  P O  { I F )  I 
2 7 ( 3 l ? G  PEED T E E P  I 
2 7 1 0 8 G  P E P D  F L @ w Z A T E {  
2 9 1  i3Q FEED AN03 I 
2 9 1  A Q  PEED U R A N I O F ,  f 
2 9 1  A Q  PEED PU [IV) 1 

3 0 1  A Q  P E E D  A N 3 3  1 
301 A Q  PEPD 3 X k N I C P 1  1 
3 0 1  R Q  PEED P O  { s a )  1 
3 C j  A Q  P E E D  TENP 1 
3 0 1  A Q  PEED FL3URATEj 
3 1 1  A Q  FEFD F M W R A T E I  
3 2 1  AQ P E E D  FLOWRATEI 
3 2 1 0 R G  FEED PLOWR3.TEg 
331 R Q  FEED R N 0 3  
334 A Q  FEED U R A N I O P .  I 

333 A Q  FEED f L O U R A T E l  
3 U i O R G  PEED BN03  9 
3 1 1 1 0 A G  PEED U R A W I U Y  1 
3 4 1 3 R G  FEFD PO (IY) 1 
3 4 1 0 R G  PEED FLOWRATE1 

1 5 4 0 ~ ~  PEE:, U R A N I O C  t 

2 9 1  A Q  F E E D  F L o w n T E I  

321 A @  PEED P 3  (:VI 1 

I 1 
I !  .!Q PEED FLOURATEl3- f lODE 
38 A Q  FEED R N 0 3  1 0 H / O F F  
31  A Q  FEED H N 0 3  ION/OFF 
39 X Q  FEED 9NO3 J O N / C P F  
31 A Q  PEED FEOWRATEION/OPF 

2 9 1  A Q G E O D S  3 R h N T U R  I3 -RODE 
2 9 1  AQUEOUS P U  (IV) ( 3 - f l o D E  
2 9 :  AQUEOUS T E N P  13-NODE 
2 9 1  A Q r E 0 U S  3ENSITY 1 0 N / C F P  
1 2 ;  O R G  FEED CN03 13-RODE 
1 2 1  3 R G  FEED ?LOWRATE1 3-RODE 
328  I Q U E O U S  53 {ITT) lOta /O?F 

1 ;  O R G A N I C  X N 0 3  1 3 - 3 0 3 E  
11 ORGANIC U F A t i I I J R  13-83DY 
'I[ C I R G A N I C  PII (IY) 13-RODE 
? j  O R G A N I C  T E X P  ! 3 - f l 3 C E  
1 I ORGANIC FLOFIRLTLS 3-RODE 

3 2 1  k Q O E O V S  PU ( I I I )  j 3 - R O D E  
191 A Q  PEED FLOURATE13- f lODF 
1 3 f  OKGRNIC HE103 j 3 - E O D E  
131 O i i G A ? l I t  TJRP.HIU!! i 3-FIODE 
l 3 i  O R G A M T C  1 3  [IV) I3 -NODE 
4 3 [  O S G A N I C  T E n P  13-Pl43DE 
43 1 O R G A N I C  FLOWRATE1 3 - M O D E  
301 APCEDOS 9WO3 I 3 - F I C D E  
33j AQUE3US W A A N I ' J R  1 3 - f l O D E  
301 h Q c E 3 U S  PU (TV) l 3 - E C D Y  
331 A Q U E O U S  P L O i i R A T E i  3-f43DE 
2 9 1  AQCECInS H N 3 3  i 3 - R C 3 E  
291 A2'2E3tlS U R A N I J Y  ! 3-PlODE 
2 9 1  n Q U E O U S  P 3  (TV) 1 3 - 3 0 3 E  
2 9 1  A Q U Z O D S  TEnP I3-PIODE 

61 A Q  F E Z 3  F L O Y R A T E $ O N / O F F  
1 P j  AQOEOVS U R A N I I J K  '1 3-MODE 
181  RQCEOOS P'J (PV) 13- f l3DE 
181 AQCEOUS P U  ( I Y )  13-I IODE 
Y R f  A Q r E O 3 S  HA03 f 3 - f l O D E  
18 1 4QOEOGS U R A N T U f l  I 3 - E O D E  
491 3QCECIOS PU (TV) 1 3 - H O 3 2  
1 8 1  A Q D E G c l S  FLOWRATE:  3-KCDE 
(191 O R G A N I C  HR03 i 3 -EODE 
?q I O R G A N I C  r J ' t A N I 0 E  f 3 - E O D E  
791 O R G A N I C  P3 (IV) 13-FIODE 
1 9  I ORGANIC FLOWRATE] 3-RODE 

B 1 i I 

0. c ! 9.0 1 1.00P+00{ 3 . 4 0 f + 0 0 1  3 - 7 G S i 0 0  
0. c ! 3 . 0  1 9.03F-+OOI 2 . 7 5 E 4 0 2 1  3 . 1 5 E + 0 2  
0. c 4 0 . 0  1 ? . . 3 0 E + 0 0 j  2 . 5 9 E s G 0 1  2.95:+3C 
0. c I 0.0 ! 5.00E*001 L. 9 0 E - 0 2 1  5 . 2 0 E - 0 2  
0. c 1 0.0  0.0 I 3 . 0 0 E + 0 2 !  0.0 
0. c 1 0.0 1 0.0 1 3 . 0 0 E + 0 2 1  3 . 0  
0. c 1 0.0 I 0.0 1 6 . 0 0 E + O l l  9.00E+07 
3.  c 1 0.0 i 0.9 1 Y . 0 0 E - O 1 (  0.3 

1 . 8 0 E - 0 1 S  2 . 0 0 E + 0 4 1  3.OOP-OYj 0 .3  0. c 
0. c 1 3.OOE-91;  3 . 5 0 E + 0 0 1  5.OOE-OlJ 0.0 
0. c 9 0 . 0  1.30E+001 2 . 5 5 E - 0 1 1  2 . l t 5 E - 0 1  

0. c 1 3 . 5 0 3 - 3 2 (  5 . 0 0 E + 3 0 {  4 . 0 0 ? ? - 0 2 (  3 . 0 0 E - 3 2  

0 .  c f 3 . 0  I 0 . 3  I 4 .002+001  0.3 
0. c 1 0.0 I 0 .0 1 2 . 0 0 l + 0 2 1  0.0 
0. c 1 0.0 1 0.0 a 2 . 0 0 E + O l ~  0 . 3  
0. c f 0.0 0 . 0  J 5 .00E*081  3. 0 0 E 4 0 1  
0. c 1 0.0 I 0.0 I 5 . 0 0 E - 0 1 1  0 .0  

i 9 .25E-021  A . 2 5 5 - 5 2  0. c 
6 .  COEt301 0 . 0  I 3 - O D E - 0 1  1 4 . 3 3 E - 3 i  3 . 7 0 E - 0 1  
5 .  c I 0.0 1 0 .3  : . 3 0 F + 0 3 1  3 .0  
0. c 1 0.0 I 0.0 3 2 . 3 0 E + 0 2 1  0.0 
0. c I 0 .0  1 0.0 4 2 . 0 3 E t 3 1 1  3 . 0  
0. c I 0 .0  I 6.0 1 4 . 3 0 E + 0 4 (  3.30Et0: 
0. C 1 0.0 I 0.0 1 5 . 0 0 E - 0 1 1  0 . 0  

w 
J 8 . 2 5 0 - 0 2 1  0.0 

0. c I 0.0 1 0.0 1 6.00F+00j 0 .0  
0. c 1 0.0 1 0.0 3.00E+OZ\ 0 .0  
0. c 0.0 I 0 . 5  1 3 . 0 0 € * 0 2 1  0.0 

0. c I 0.0 I 0.0 .3..33E+021 0 . 0  

0. c 1 0.0 1 0.0 B 3.5 f 7.05E-01 
0. c t 0.0 I 0.0 2 . 0 0 € + 0 2 9  0 . 0  

0. c 1 0.0 1 0.0 1 I.OOE403j 0 .0  
0 .  c 1 0 . 3  I 3.0 i 6 . 0 3 E + U O j  0 . 0  

3. c 1 0.0 I 0.0 I 3 . 0 0 E + 0 2 1  0 . 0  
3 .  c I 0.3 1 0.0 1 5.00E+01? 1 .  33Et09 

0. t 1 0.0 I 0.0 1 2 . 0 0 E + 0 1 1  0 . 3  
0. c 7 0.0 ! 0.0 I 2 . 0 0 E + 0 1 1  0 . 0  
0. c 8 0.0 1 0.0 I 1 . 0 @ E + 0 1 1  0.0 
0. c 1 0 . 0  1 0 . 0  1 l.OOE+Olf 0 . 0  
0. c 1 0.0 1 9.0 { 1 . @ O E + O ? I  0.0 
0. c 1 3.0 1 0.0 i 1 . 0 0 E + O I j  0 .0  
0 .  c 1 0.9 f 0.0 1 2 . 0 0 E + 0 2 4  0 .0  
0. c I 5.0 1 0.0 { 2 . 0 0 E + 0 2 g  3 .0  

1 2 . 0 0 E + 0 2 1  0 . 0  
0. c 0.0 1 0.0 8 2 . 0 0 E + 0 2 ~  0 . 3  
0 .  c 1 0.0 0.0 
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3 1  1 0.0 1 0.a I 0.0 I 0.3 I 0 . 0  I 0.0 1 3 - 0 O O E + 0 1  I 3 . 7 7 O E 4 0 0  I FEED STREAH 
3 1  0.0 1 0.0 I 0.0 I 0.0 1 0.0 i 0.0 I 3 . 0 3 0 I + 0 1  ! 3 . 7 7 0 E t 0 3  I 9 . 5 0 0 B 4 0 0  I 0 . 9 9 5 7 !  2 . 0 0 E 4 0 2  
3 2  1 0.0 j 0 .0  I 0.0 j 3.0 1 0.0 1 0.0 I 3 . 0 0 0 € + 0 1  4 7 . 7 2 C E - 0 1  I PEED STREAN 
I 2  I 0 .0  ! 3.0 1 0.0 i 1 . 7 1 0 ~ - 3 1  0.0 1 0.0 1 3 . 0 0 0 E + 5 1  I U.56CP+00 1 9.500E+00 I 0.99591 2 . 0 0 ~ 4 c 2  
? 2  I 0.0 1 0.0 I 0.0 ( ? . 7 1 0 E - 0 7  1 0.0 1 3.0 I 3 - 0 0 0 E * 0 1  I 4 . 5 6 0 E 4 0 0  I A Q U E C U S  PRODOCT 

33  f ! .OSOE+OO j 3.7702+00 7 . 7 2 0 E - 0 1  I G . 3  I 0 . 0  ; 0 . c  1 3.000E+01 1 2.550E-01 1 FEED STRERH 

O R G A N I C  PHASE 
S T R G E  ! N I T R I C  ACID( U R A N I U M  
?IC. I (aoL/&) 1 ( G / L )  

B I 

1 j 3 . 9 9 0 E - 0 1  1 5 . 8 0 0 E 4 0 1  
1 j 3 . 9 9 O F - 0 1  I 5 . 8 0 0 E t 0 1  
2 I 4.460E-31 I 5 . 7 5 3 E + 0 l  
3 I 5. 1 6 0 E - 0 1  I 5.66OE+O'! 

5 . 4 9 0 E - 0 1  
5. U O O ? - O I  
5 . 4 7 0 E - G I  
5 . 3 5 0 E - 0 1  

PU (1111 I REDUCTANT INITIIATE IONlTEflPERRTUREl PLOW ! ? & T I :  I VOLUPIE IDENSI'TY 

Y i 9.280F-01 1 . 6 8 0 E + 0 0  2 . 1 0 0 E - 0 2  
5 j 9.39OF-09 { 1 .710E-02  2 .960E-04 
6 1 9 . 2 9 0 E - 0 1  I 1.9303-OU I 6.UYOF-06 
1 1 9 . 3 9 0 2 - 0 1  I 6. 1702-06 I 5.6603-07 
8 I 9. 390E-0 1 I 4 . 5 2 0 2 - 0 7  1 5.8901-08 
9 1 9.35OP-31 { 2.?90E-O8 I 4 . 4 2 0 E - 0 9  

13 9.150E-3: I 1 . 2 8 0 E - 0 9  j 2.3JOE-70 
4 7  B 6. 2 9 0 E - 0 1  j 0.0 I 0.0 I 0.0 
12 1 5.9CC.E-07 I 0.3 ! 0.0 1 0.0 
12 3 l . @ 3 i E - 3 1  1 0.0 \ c .0  I 0.0 

9 . i 2 0 E - 0 2  1 
9 . 2 2 0 E - 0 2  1 
R.5YOE-02 I 
9.170E-01 I 
3 . 9 9 O E - 0 1  I 
1 . 2 3 ( 1 ~ - 0 1  
1 . 4 6 0 E - 0 3  1 
1 . 7 6 0 E - 0 1  i 
I.OO0P-3: 1 

19 1 3.6402-03 
39 I 3.64013-03 
2 0  j 3 . 8 4 0 2 - 0 3  
2 1  I i . @ 8 C P - O 3  
22 I 3 . 9 0 0 8 - 0 3  
2 3  I 3 .9U3P-03 
iU 4.OBOE-03 
25  Q.900E-03 
i6 5 . 8 5 C P - 0 3  
i7 I 1. 1 8 0 E - 0 2  
2 7  I 9 . 2 0 3 E - 0 2  

2 8  1 0.0 
2 8  1 8 .7ooe-03 

U. 7 1 0 E + O  1 
4.710E401 
5 . 7 7 0 2 + 0 ?  
6. 110E+O 1 
5 . 8 0 0 2 + 0 ?  
5.6 iOE4O 1 
1). 2 9 0 E t O  7 
2 . 0 8 0 E + 0 1  
0.0 

0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0  
0.0 

4.U5OE-01 I 0.0 
4 . 9 5 0 E - 0 1  1 0.0 
?.073?-01 I 0.0 
3 . 6 3 3 E - 0 1  4 0.0 
5.U93E-31 i 3.3 
1.31fl3400 i 3.0 
7.8-'02+00 1 0.0 
1 . 5 ! 3 7 4 3 0  j 0.0  
0.0 1 0.0 

1.U2OEtO1 1 8 . 8 5 0 3 - 0 3  0 .0  
1.1120340I  4 8.850F-03  3 . 3  
1.980E431 1 2.2UOE-02 6.3 

2 .060EtO ' i  1 E . 0 8 0 2 - 3 2  0.3 
2 . 3 6 0 E t 3 4  1 8.8SOE-32 3.0 
2.OSOY401 I 1 . 2 3 0 8 - 0 1  3.0 
2 . 0 1 0 E 4 0 3  1 1 .6bOO-07  j 3.3 
'1 .98JE401  f 2 . 1 0 0 E - 0 1  ! 0.0 
Y . 9 3 0 E + 0 1  I 2.UUOE-01 I 0.0 
U . 7 1 Q E 4 0 1  I U.r)50E-01 4 0.0 
5 . 2 3 0 E t O O  1 1. ]ROE-07 I 0.0 

2 .0YOE+Ol  1 3.923E-02 0.0 

0.0 1 3 . 0  \ 0.0 

1 0.0 
I 0.0 
1 0 . 3  
j 0.0 
8 3.0 
f 0.0 
1 0.0 
1 0.0 

I 0.0 
I 3.0 
I 9.0 
I 0.0 
I 0.0 

J 0.0 

0.0 
1 0.0 
I 0.0 
j 0.0 
I 0.0 
1 G.0 
I 0 .0  
I 0.0 
1 0.0 

I 0.0 
j 0.0 
1 0.0 
1 o.:r 
1 0 . 0  

0 . 0  
J 3.0 
1 0.0 
1 0.0 
J 0.0 
I 0.0 

0.0 
j 0.0 

1 {HOL/L) I ( D E G R E E S  C j  I ( L / S )  1 ( L I T E R S )  I ( K G / E )  
I 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.5 
3. 0 

j 0.0 
1 0.0 
! 0.3 

{ 0.0 
1 0.0 
I 0.0 
1 0.0 
j -1.3 
i 2.0 
I 0.0 
1 3.0 
j 0.0 

j 0.0 
i 0.0 
i 0.0 
! 0.0 
1 3.3 
1 0.0 
8 3.a 
1 3.0 
i 3.0 
I 0.0 
1 0.0 
1 0.0 
I 0.0 

I I I I 

I ~ . ~ O O E + O I  j ~ . ~ Q O E - O ,  1 O R G A N I C  PRODUCT 
I 3 . 5 0 0 E 4 0 1  I 2.8U05-01 1 7.3UOE431 i 0 . 9 0 2 3  
1 3.500E401 1 2 . P 7 0 E - 0 7  1 1.3l tGE401 I 0 . 9 0 4 1  
1 3 . 5 J O F 4 0 1  I 2.89OE-01 I 1 . 0 9 0 E 4 0 1  j 0.9051 
I 3 . 5 0 0 E + 0 1  I 2 . 9 1 0 E - 0 1  I 1 . 1 0 0 E t 0 1  0.8UIR 

M A X  C H N G E  
( 5  / 5 )  

2 . 0 0 ~ 4 ~ 2  

2 . 0 0 ~ 4 0 2  

2 . 0 0 F * C 2  
2 . 0 0 E 4 0 2  

1 3 . 5 3 0 E + 0 1  1 
1 3 . 5 0 0 E 4 0 1  1 
j 3 . 5 0 0 I 4 0 !  I 
I 3.500:+01 1 
; 3 . 5 0 0 i 4 0 1  1 
f 3 . 5 0 2 € + 0 1  4 
1 3 . 5 0 3 1 4 0 1  4 
i 3 . 5 0 3 1 4 0 1  4 
1 3 .500E40 :  9 

2 .92  OE-0 1 
2.9UUE-01 
2 . 9 5 0 E - 0  1 
2 . 9 6 0 2 - 0 1  
2 . 9 8 0 E - 0 1  
2 . 9 9 0  E - 0 7  
3.003E-01 
3.000E-0 1 
3.000e-0 I 

3. 5UOE-0 1 
3.5UOE-01 
3 . 5 8 0 9 - 0 1  
3 . 6 2 0 7 - 0 7  
2 . 8 4 0 F - 0 1  

8.300E-C.2 
8. 2 4 3 E - 0 2  
8 .25OC-02 

a. 3 2 0 ~ - 0 2  

1 O R G A N I C  PRODUCT 
2 . 0 0 0 E 4 0 1  1 O . f i 8 7 3  

I 2 . 0 1 0 E 4 0 1  i 0 . 9 0 1 0  
1 2.OUOE+OI j 0 . 9 3 4 8  
j PEED STREAN 
I 6.1110E+03 1 0 . 5 9 C G  
: 6 . 3 9 0 2 4 0 0  4 0.Pfl;U 

5 .3808400 1 O.t35>9 
1 P E E D  STPE'IR 

I 1 . 0 6 0 F 4 0 1  1 ' l . l U O E + O O  I O S G A H I C  PRODUCT 
r . : 4 0 E 4 0 0  1 Y . 0 2 0 E 4 0 1  1 0 . 8 4 5 0 1  2 . 3 0 E t 0 2  
l . f i ( O E + O O  4 . 0 1 0 E 4 0 1  1 0.85;31 2.00€'+02 
1 . 1 4 0 ? + 0 0  1 U . 3 1 0 E + 0 1  8 0.e5331 2 . 0 0 3 4 9 2  
1 . 4 U O E + 0 3  1 1).300E+01 j 0 . 8 5 3 1 1  2 . 0 3 F t 3 2  
l . r 5 0 E * 0 0  I 3 . 9 9 0 3 4 3 1  1 O . E 5 2 5 (  2 . 0 0 € * 0 2  
9 . 1 5 0 O 4 0 0  I 3 . 9 9 0 E 4 0 l  4 O . R 5 1 8 (  2 . 0 0 F t 0 2  
3. 'i50I?+OO 1 3.9@OE+OI i 0 . R 5 1 3 1  2 . 0 0 E t C 2  
1 . 1 6 0 E 4 0 0  1 3 . 9 7 0 E t O t  4 0.35C71 2.OOE402 
7 . 1 6 0 E + 0 0  I 3 . 9 7 0 E 4 0 1  1 0 .8 (4991  2 . 0 0 E 4 C Z  
3.5IIOE-01 I FEED STREh;l 
8 .030E-01 1 2 . 9 6 0 E 4 0 1  I 0 . 8 3 7 5 1  2 . 3 0 F 4 0 2  
f .00f lE-01  1 P E E C  STAERV 

2 . 0 0 ~ 4 0 2  
2 . 0 0 ~ 4 0 2  
2 . 0 0 E 1 0 2  

2 . 0 0 F + 0 2  
2 . 0 0 E t 0 2  
2 . 0 0 E t 0 ?  
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Table  11 (continued) 

O R C A l I C  PHASE 
ST I G E  

NC. 

1 
1 
2 
3 
4 
5 
6 
1 
3 
9 

10 
11  
12 
1 2  

1 3  
? 3  
1 4  
1 5  
15 
1 E  
11 
18 
18 

19 
19 
io 
i t  
2 2  
23 
i9 
25 
26 
27 
2 7  
28 

I I I I I I 

O R G A H I C  PROD‘JCT 
1 . 4 6 3 E 4 0 1  I 0 . 9 0 1 C (  9.17E-C 
I . U e f E * O l  I O . Q O 7 5 )  Q . ” i b e - C  
1 . 2 4 5 E + 0 1  I 0.91U9( 7.55E-C 
i . 2 5 7 ~ + 0 1  1 0.869‘ 5 . e ? ~ - c  

I U. 1 5 7 E - 0 1  
1 4. 1 5 7 P - 0 1  
I 4 . 3 7 3 E - 0 1  
1 4 . ~ 4 C F - 0 1  
I 7 -  5 7  ~ E - o ?  
I 7 . 3 6 0 E - 0 1  
1 7 . 3 8 7 E - 0 1  
1 9 . 6 U i E - 0 1  
I 9 . 6 6 8 E - 0 1  
f a . ? l B E - 0 ?  
I ~ . 1 2 0 E - 0 1  
I 7.  ?SOE-0 1 
! 5 . 4 9 Q E - 0 1  
1 1.719E-01 

I 5 . 6 2 5 2 4 0 1  

I 5.941Et01 
! 6 . 3 A O E + 0 1  
f 2 . 3 1 0 B + 0 1  
{ 2 . 6 5 9 E + O l  
1 2 . 8 5 6 E + C 1  
I @ . 0 5 8 E - C 1  
I 1 .197 : -02  
I 1.21PE-04 
I 6 . 4 9 3 B - 0 7  
I 2 . 2 2 2 P - 0 9  

1 5 . 6 2 5 E 4 0 1  

0.0 
I 0.0 

I R . S Q 2 E - 0 1  
I 8 . 5 0 2 E - 0 1  
f 1 . 2 3 C E 4 0 0  
1 1.760E+00 
1 1 . 8 5 5 1 7 + 0 0  
I 3.186F*00 
1 2 . 3 5 4 ~ + 0 C  
I 7 . 6 1 0 E - 0 2  
I 1.33UE-03 

1.65EE-05 
I 1 . 1 3 9 3 - 0 7  
I 5 . 0 7 0 E - 1 0  
I 0.0 
I 0.0 

1 0.0 
1 0.0 
I 0.0 
I 0.0 
I 0.0 
1 0.0 
I 0.0  
1 0.0 
1 0.0 
I 0.0 
I 0.0 
I 0.0 
I 0.0 
I 0.0 

3 . 0  
0 . 0  
0.0 
0.0 
0.0 
0.9 
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 
3.0 

0.0 
0.0 
0 . 0  
0 . 0  
0-0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 

i 0.0 
I 0.0 

0.0 
I 0.0 
1 0.0 
1 3.0 
1 0.0 
1 0.0 
1 0.0 
I 0.0 
I 3.0 
I 3.0 
1 3 . 0  
I 0:0 

3 . 5 3 5 ? * 0 1  I 3 . 3 5 8 P - 0 1  
3 . 5 0 5 2 * 0 1  1 3 . 3 ’ 5 8 E - 0 1  
3.50’?E*01 I 3 . 4 S ? E - 0 1  
3 . 5 1 5 E + O 1  { 3 . 5 3 7 E - 0 1  

3.580E-0 1 3 . 5 2 e ~ + o  I 
3 . 5 4 2  F + O  1 
3. 5 5 1  E + O  1 
3 . 5 4 3  E*O 1 
3 . 5 3 1 € * 0 1  
3 . 5 1 9 E + O  1 
3 . 5 0 8 E t 0 1  
3.503E+31 
3.531€+01 
3 . 5 0 0 E + O 1  

3 . 5 8 9 E - 0  1 
3. 581P-01  
3 . 5 7 9 E - 0 1  
3 . 5 4 q E - 0 1  
3. U 8 5 E - 0 1  

? . 0 7 1 r ” - i ) l  
3 . 0 5 6 ~ ~ - 0 1  
3.06933-0  1 

3. i e 3 ~ - o i  

1 . 2 6 1 E t 0 1  J 0.R733 

9 . 3 U i E + 0 0  1 3 . R 4 1 7  

1 . 0 1 3 E + 0 1  I 0 . E G O I  

1 . 1 0 6 E + 0 1  1 O . R ? = 2  
1. 1 2 6 E + 0 1  I 0 .8172  
F E E C  STREAR 

9 . 3 5 3 E t 0 0  0 . A 7 C 3  

Y . 2 7 3 E + 0 0  1 0 . 8 4 0 6  

1 . 0 1 6 E * 0 1  I 3.83RY 

2.27E-0 
2.22F-0 
1.36E-C 1 
h . U l E - 9 1  

1 . 7 2 E - C 1  
1. 17f-C1 
3.09E-0 1 

2 . 4 2 ~ 1 ~ 3  

1 1.037E-01 
1 1 . 0 3 7 E - 0 t  

1.0U9E-01 
[ ?.52EE-07 
I 9. 1 5 7 E - 0 1  
1 1 . S U C E - 0 1  
1 2 .  37IE-01 
I 2.951E-01 
I 1 . 0 0 C F - 3 2  

2 . 9 9 S E - 0 1  
1 2 . 9 9 S E - 0 1  
I 11.805E-01 
{ 5.363K-01 
f 8 . 5 9 2 E - 0 1  
I 7.368E-01 
I 6.$90??-01 
I 3 . 0 2 1 E - 0 1  
I 0.0 

I 0.0 
1 0.0 
1 0.0 

c.0 
I 0.0 
1 3 . 0  
I 0.0 
I 0.0 
I 0.0 

I 0.0 
I 0.0 
I 3.0 
I 3.0 
I 3.0 
I 0.0 
1 0.0 
I 0.0 
I 0.0 

2 . 0 9 7 E + 3 ?  1 
2 . 0 9 7 E + O l  1 
2 . 2 8 6 E * O 1  f 
2 . 6 5 1 E t 0 1  [ 
3 . 5 0 5 E 4 0 1  I 
2 . 6 4 2 E 4 0 1  
2 . 6 3 0 E t 0 1  1 
2 . 5 6 4 € + 0 1  
2 . 0 0 0 E + 0 1  1 

3.868E-0 1 
3 . 5 6 9 E - 0 1  
3.906E-0 1 
3.9 86E-0 1 
3 . 3 5 8 E - 0 1  
8 . 2 3 O E - 0 2  
8 . 2 U O E - 0 2  
( 3 . 2 0 6 E - 0 2  
8 . 2 5 0 E - 0 2  

OPGANIC PHODUCT .I 
2 .  1 5 9 E t 0 1  f 0.87651 2 .  a a E - C ?  v, 
2 . 1 7 8 E 4 0 1  { O . R R 7 5 1  F . 2 Q f - C 2  
2 .  219f1+01 I O . 8 Q l C . i  17F-Cl 
F E E D  STREAR 
6 . 3 6 S E 4 0 0  1 0. R677(  6.53X-C? 
6. 36CE+00 f 0 . R 4 U 4 i  5 , . 56 f -C2  
6 . 3 7 U E + 0 0  f 0. R303 5 . 1 F E - C i  
FEED STRE43 

1 3 . 4 3 e E - 0 3  I l . O l l E + O l  I 3 . 7 7 0 & - 0 3  I 0.3 
3 . 7 7 0 E - 0 3  0.0 
1 . 0 3 9 E - 0 2  I 0.0 

0.0 
0.0 
3 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1 . 1 9 8 3 + 3 0  
l . l @ S E + O O  

l . l R e E * 0 0  
I .  188E+(30 
1. 18@E*00 
7.187E+00 

1 . 1 9 7 E 4 0 0  
1 . 1  R l E * 0 0  
3 . 8 6 R E - 0  1 
R .  0D6E-01 
e. 003E-0 1 

I. i8eE+oo 

1.1 e 7 9 4 0 0  

O R G b N I C  PRC 
1 ( . 0 1 0 E + 0 1  
4 . 0 7 0 E 4 0 1  1 
4 . 0 7 1 E i 0 1  1 
4.071Ei01 1 
4 . 0 7 1 E t 0 1  1 
4.0?2E+01 I 
4 . 0 7 2 E + 0 1  { 
4 * 0 7 2 E + O t  
4 . 0 ? 3 E + O l  I 
FEED STRZAt! 
2 . 9 7 2 ~ + 0 1  f 
PEEC STREAR 

lDUCT 
0 .  R 3 C 4  
0 .RU‘F  
0. PO74  
0.8875 
0. A474  
0 .8473 
0 , R U i i  
0 . 4 U ~ O  
0,9067 

0 . 8 3 0 4  

( 3. C3EE-03 
1 3 . 7 1 4 E - 0 3  

I 3.81EE-03 
1 3 . P 6 7 E - 0 3  
I 4.007E-03 
I 4 . 5 1 6 E - 0 3  

6.535E-03 
1 1.U3EV-02 
j 1 .  0 3 7 F - 0  1 

I 3 , i e c ~ - 0 3  

I ~ . O G E E - O : !  

8 . 5 9 E - C 2  
7 . 5 5 F - C 2  
7 . 2 6 Z - 0 2  
b . S 3 E - ” ?  
5 . 7 i E - C 2  
5 . 0 F F - C 2  
U.3clF-f:! 
3.66€-02 
2 . 9 Q E - 0 2  

3 . 1 2 F - 3 2  

1.900E-02 0.0 
3 . 0 6 2 E - 0 2  1 0.0 
9 . 6 1 2 E - 0 2  1 0.0 
6 . 6 9 1 E - 0 2  1 0.0 
9 . 3 9 9 E - 0 2  I 0.0 
1.269E-01 1 0.0 

2 . 9 9 5 1 - 0 1  0.5 
? . U 1 6 & - 0 2  0.5 

1 . 5 6 6 E - 0 1  I 0.0 

0.0 I 0.0 28 3.0 i 0.0 
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and t h e  r e s u l t s  show such a random v a r i a t i o n .  

The c o n t r o l l e r s  on t h e  HAP c o n c e n t r a t i o n s  are used t o  i l l u s t r a t e  t h e  

e f f r c t  of having two ha tch- feed  c o n c e n t r a t i o n s  on t h e  e x t r a c t i o n  system 

response.  The major changes i n  t h e  W F  c o n c e n t r a t i o n s  are t l ie  s t e p  changes 

formed by t h e  on /o f f  c o n t r o l l e r ,  w i t h  more minor v a r i a t i o n s  due t o  thc 

s e t t i n g  of t h e  e r r o r  band. In  c o n t r a s t  t o  t h e  r e g u l a r l y  spaced squa re  waves 

i n  Sec t .  7 . 2 ,  t h e s e  s t e p  changes occur  as d i c t a t e d  by t h e  p r o b a b i l i t y  t h a t  

a random number w i l l  f a l l  w i t h i n  a given i n t e r v a l .  

The c o n t r o l l e r  f o r  t h e  HAF f low ra te  w a s  set t o  produce random v a r i a -  

t i o n s  w i t h  a s l i g h t  p o s i t i v e  bias.  I f  t h e  v a r i a t i o n s  were t o t a l l y  random, 

t h e  average  would have been 50.5 m L / s .  However, i n  t h i s  ca se  t h e  average  

w a s  51.4 m L / s  due t o  t h e  s p e c i f i c a t i o n  of t h e  c o n t r o l l e r .  

The 1BS f low r a t e  was al lowed t o  wander randomly i n  t h e  i n t e r v a l  370 

t o  430 mL/s.  I n  t h i s  case, a p o s i t i v e  v a l u e  w a s  g iven  f o r  t he  d e r i v a t i v e  

t i m e .  Weighting t h e  d e r i v a t i v e  wi th  t h i s  t ype  of e r r o r  i n c r e a s e s  t h e  chance 

t h a t  if t h e  c o n t r o l l e d  v a r i a b l e  i s  i n c r e a s i n g ,  i t  w i l l  con t inue  t o  i n c r e a s e .  

Its i n f l u e n c e  can be seen by comparing F i g .  17  wi th  t h e  random walk i n  

F ig .  6 .  

The response  of t h e  semibatchwise c o n c e n t r a t o r  is  shown i n  F i g .  18. A 

product  i s  withdrawn from t h e  c o n c e n t r a t o r  on ly  a f t e r  t h e  d e n s i t y  exceeds 

1.22 kg/L, The product  i s  taken  u n t i l .  t h e  d e n s i t y  f a l l s  below 1 .20  kg/L. 

The top  curve  shows t h e  rise and fal.1 i n  t h e  d e n s i t y  as tlie s o l u t e s  fS.ow 

i n t o  and ou t  of t h e  c o n c e n t r a t o r .  The f low rate  of t h e  product  be ing  

removed from t h e  c o n c e n t r a t o r  i s  shown by t h e  middle  curve .  The lower  

curve shows t h e  l i q u i d  volume i n  t h e  c o n c e n t r a t o r .  A s  t h e  product  i s  re- 

moved, t h e  volume and d e n s i t y  dec rease  as f l u i d  flows o u t  of t h e  concen- 

t r a t o r ,  and t h e  reiiiaining solut i .on i s  d i l u t e d  by t h e  low-concentrat ion , 
e n t e r i n g  stream (IBR). A f t e r  t h e  d e n s i t y  f a l l s  below 1.20 kg/L, t h e  product  

i s  tu rned  o f f  and the volume and d e n s i t y  begin  t o  rise aga in .  

The product  s t r eams  l e a v i n g  t h e  system are  t h e  1AP s t r e a m ,  which is 

t h e  coprocessed product ,  and the IBP stream, which i s  t h e  uranium product .  

The goal. of t h i s  f lowshee t  i s  t o  produce a 20% plutonium coprocessed 
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ORNL DWG 60-22 .- t.23r 

TIME (ks) 

Fig. 18. Concentrator responses for the sample calculation. 

product and a decontaminated uranium product. Figure 19 shows the pro- 

duct stream responses to the other changes in the system. The 1AP 

uranium and plutonium concentrations begin to increase shortly after the 

HAR recycle stream turns on, and they subsequently decrease when the 

recycle is turned o f f .  The Pu/(U -t- Pu) ratio varies as the controller 

attempts to produce the desired 20% product. The e f f o r t s  of the control- 

ler  are thwarted when the recycle stream is turned on, and the ratto 
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changes more q u i c k l y  than  t h e  c o n t r o l l e r  can handle .  The 1BP uranium 

c o n c e n t r a t i o n  a l s o  rises and f a l l s  w i t h  t h e  r e c y c l e  flow. The 1BP 

plutonium c o n c e n t r a t i o n  i s  g e n e r a l l y  below 0.02 g / L .  

The r e sponses  of t h e  c o n t r o l l e r s  t h a t  a d j u s t  t h e  1AP composition 

are shown i n  F ig .  20. 

r a t i o ,  which i s  c a l c u l a t e d  by t h e  program i n  s t a g e s  31 and 32 and shown 

i n  t h e  t o p  curve.  The second cu rve  i s  t h e  r a t i o  i n  t h e  s t o r a g e  t ank  

where t h e  1AP is  h e l d  ( s t a g e  3 3 ) .  This  r a t i o  i s  low i n i t i a l l y  b u t  

g r a d u a l l y  b u i l d s  t o  t h e  d e s i r e d  l e v e l .  The t h i r d  curve  i s  t h e  response  

of t h e  c o n t r o l l e r  on t h e  1AX f low rate. I n i t i a l l y ,  t h e  f low rate  i s  

i n c r e a s i n g  because  t h e  r a t i o  i s  below 20%. Th i s  i n c r e a s e  g r a d u a l l y  

causes  t h e  r a t i o  t o  i n c r e a s e  (0.3-0.7 k s ) .  The HAR r e c y c l e  stream causes  

t h e  r a t i o  t o  i n c r e a s e  r a p i d l y ,  and t h e  c o n t r o l l e r  responds  by d e c r e a s i n g  

t h e  1 A X  f low rate.  

uranium t o  leave i n  t h e  1AP stream, the reby  d e c r e a s i n g  t h e  r a t i o .  When 

t h e  r e c y c l e  stream t u r n s  o f f ,  t h e  r a t i o  d e c l i n e s  and t h e  c o n t r o l l e r  

responds  by i n c r e a s i n g  t h e  1AX f low rate. Th i s  c o n t r o l  i s  g r a d u a l l y  

e f f e c t i v e  u n t i l  t h e  r e c y c l e  stream t u r n s  on aga in .  

The v a r i a b l e  be ing  monitored i s  t h e  Pu/(U 4- Pu) 

Decreas ing  t h e  1 L Y  f low r a t e  should  a l l o w  more 

The 1AS flow ra te ,  shown by t h e  bottom cu rve ,  v a r i e s  between a h igh  

and low va lue .  When t h e  LAP r a t i o  exceeds 0.23, t h e  1AS flow rate swi t ches  

t o  t h e  h i g h  v a l u e  t o  encourage a h i g h e r  uranium c o n c e n t r a t i o n  i n  t h e  pro- 

duc t  and the reby  r educes  t h e  r a t i o .  Conversely,  when t h e  1AP r a t i o  

f a l l s  below 0 .17 ,  t h e  f low rate swi t ches  t o  the low va lue .  The small 

v a r i a t i o n s  i n  t h e  t h e  1AS f low rate are due t o  t h e  n o i s e  band. 

Th i s  example shows how in fo rma t ion  produced by t h e  program can b e  

i n s t r u c t i v e  i n  f lowshee t  e v a l u a t i o n .  I n  g e n e r a l ,  t h i s  f lowshee t  seems 

t o  produce t h e  d e s i r e d  p r o d u c t s  d e s p i t e  t h e  e r r o r s  i n s e r t e d  by t h e  con- 

t r o l l e r s .  It shou ld  b e  no ted  t h a t  a l though  this f lowshee t  employs a 

column ( I B )  o p e r a t i n g  a t  1 0  t o  1 5 " C ,  t h e  c a l c u l a t e d  d i s t r i b u t i o n  

c o e f f i c i e n t s  i n  t h i s  r e g i o n  should  n o t  be  t r u s t e d  too  imp1icit l .y due t o  

a s p a r s i t y  of d a t a  i n  t h i s  r e g i o n .  
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F i g .  20.  The 1 A  column c o n t r o l l e r  responses  f o r  t h e  sample c a l c u l a t i o n .  
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9 1  

Appendix A. NOMENCLATURE 

c ,c '  Output of t h e  c o n t r o l l e r ,  Fig.  3 

e 

k 

m 

r 

t 

X 

Y 
Z 

A 

C 

D 

G 

Kd 

Ki 
K 

N 

0 

P 

P 

Q 

sC 

'm 

sL 

U S 

T 

U 

V 

vS 

vT 
P 

E r r o r  i n  t h e  monitored v a r i a b l e ,  F ig .  3 

Volume p r o p o r t i o n a l i t y  c o n s t a n t ,  Eqs. ( 3 ) - ( 4 )  

Value of t h e  v a r i a b l e  be ing  monitored by a c o n t r o l l e r ,  F ig .  3 

Random number (-1 r 5 1) 

T i m e  

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

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

V a r i a b l e  of i n t e g r a t i o n ,  E q .  (25)  
Aqueous f l o w  ra te  

Constant  of i n t e g r a t i o n ,  Eq. ( 2 4 ) ,  o r  ou tpu t  of t h e  c o n t r o l l e r ,  

D i s t r i b u t i o n  c o e f f i c i e n t ,  Eq.  (15) 

Genera t ion  t e r m ,  E q .  (20) 

D e r i v a t i v e  t ime,  F ig .  3 

I n t e g r a l  t i m e ,  F ig .  3 

P r o p o r t i o n a l  ga in ,  F ig .  3 

Noise band, F ig .  3 

Organic  f l o w  ra te  

Funct ion of t i m e ,  Eq. (26)  

Funct ion  of time, Eq. ( 2 7 )  

S e t  p o i n t  f o r  t h e  c o n t r o l l e d  v a r l a b l e ,  F ig .  3 

S e t  p o i n t  f o r  t h e  monitored v a r i a b l e ,  F ig .  3 

Upper set  p o i n t  f o r  on/of f  c o n t r o l l e r s ,  F ig .  4 

Lower set p o i n t  f o r  on /of f  c o n t r o l l e r s ,  F ig .  4 

Temperature 

E s t i m a t e  of uranium c o n c e n t r a t i o n ,  Eq. ( 4 5 )  

Volume 

Aqueous volume set p o i n t ,  F ig .  l 

T o t a l  s t a g e  volume, Fig.  1 
Dens i ty  

F ig .  3 
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S u b s c r i p t s  (exc luding  those d e f i n e d  above) 

a Aqueous phase 

f Feed stream 

j Stage  number 

m Pertaining t o  the mixer, see Sect. 2.1 

0 Organic phase 

P Pro duct  stream 

t T i m e  
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Appendix B. PROGRAM LISTING 

cccccc 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

C C 

C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
'3 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
r 
c 
C 
C 
c 
C 
C 
C 
C 
C 

COYSEUT CONTROLLER-98'4 YOLVFNT FXTPACTI7N PROCESS TESTING 'ROGRAfl  
T H I S  VARThNT OP TAF SFPHIS PROGRAY ALLOWS TIH'3 DfPEWDEWT 
PLflWRATES, V3LORPS, ANI) CONCENTOITIOYS. PR?C'?SS CONT?OLLERS 
CLN RUTOnRTTCALLY ADJUST ANY DESIRED FETD STRFbl .  B Y  O P O P E P  
OSE OF THE VOLUqES AND CONTROLLVRS, flANY 'lop? '"JNCTIONS Of A 
9EPROCFSSING PLANT CAN RE SIYULLTED SIl'lULTAYEn'lSLY. 

THE HAJOA V A P T A B L E S  USED B Y  TtlE PR3GRAM ARE FEE3(JdK.L,X) E BLNK(J,R,L,?l) 
FOR FEF'I J = STAGE NOVEER 

K = DHIlSE K = 1 
= ?  

L = VARTPRLF L = 1 
= 2  
= 3  
= U  
= 5  
= 5  
=-I 
= R  

P n P  THE ?hOsPX 
= 3  
= u  
= 5  

Y = VALOF = 1 
= 2  

R QU EOUS 
ODGAYXC 
NITRTC 8 C I D  C3NCYNTSATION (N) 
' I R r l N I 7 1  COWCENTRATION (S/Ll 
PD (TV) CONr?YTR&TIL'N (f./Ll 
PtJ ( 1 x 1 )  M' lCYNTPATION (C/L) 
O i l  RP'J'ICTAPT C0NCENT"ATION ( 7 )  
NIT RATF CO WC FWTB ATTON ( f l )  
T E E F E 9 h T U P F  (Cl  
PLOWRITE: (L/S) 
PROCXSS, Lf3 70 5 C'NRNGS T?: 
TYORIOil CDNr7WTR4TION {G/L) 
NOT n T I N 3 D  
t4O'I DEJFINED 
VZLUP 4T '11 

VkLUE PT T OLUS DEL?\ T 

THE PFYAIPIIYC V4L'JfS O F  '1 r)?SCRII(E ?HE C3NTROLLZRS 
= ? L'UWBEQ DF S T W E  JEING 'lONITOPFI, 

> 5 FOR 3-RODE CONTROL 

fl 

FOR, 3-XODE m 

= 0 FDP Y O  CO!4TPOL 

= U YtlYB:? OF ? H 4 S F  B E I Y G  ' I O Y I P O R E D  
c 0 rop ~ N / O P F  CONTROL 

= 1 &QIIYOUS BANK 
= 7 O i ( G R Y T C  BANK 
= 3 AQU'OUS ? V 3  
= U OPGlUIC FEED 

= 1 TO 9 TARE PS 'L' PBOVZ 

= 1 0  DENSITY (XC/L) 

= 5 N77BER D p  V99tABLE SZTNG Y J Y I T O P F D  

= p VOL'IYP (LXTPRS) 

(70NTDOL 
= 6 SET D O I N T  FOS \IONITq?ED V4PIRBLF 
= 7 PROPORTZONAL G A I N  
= 9 I N T E G W L  TIM? 
= 0 n E ? I V $ T I V ~  TIYF 

1 1 1  ERR03 U A N g  7 Y  7UTWING VALUE 
= 1 2  I A X I l O Y  PAL'l? ALLOWED 
= l ?  l I N I 4 U U  VALVE: ALLOWTD 
= 1 4  INTEGQPIED YRPOR 

C3 N" P3L 

= i 3  SET P X N T  F D ~  C O N T R O L L E D  v m I a B L r  

= h  
= 7  
= ?  
= 9  

= 1 0  
= 1 1  
=12 
= 1 3  
- 1 u  

FOP B l Y R  J = SThGE NUHEE* 
K = O H A S E  K = 1 

= ?  
L = VASIAELF L = 1 

= 3  
= 1 0  

q = VkLtIV ? = 1 
= 2  

u ~ p r ?  S F T  ~ O T U T  P C ~  * I O N I T ~ ~ I E ' J  VRTILSLF 
LOWER SET POINT FOR MONITOFED VARIABLE 
NOT 'JEFXN?D 
NO? DFFINID 
YOT DEFINSO 
1 ERROR BAN3 ON OUTGOTNC. 'fALIJS 
3YJTGOING VALVE AFTER 1 6  VALUE EXCEEDED 
r U T G O I Y G  VIL'JF: AFTER #7 VALUE PlSSED 
NOT DYF'IVZD 

hQUEOUS 
D ? G A ? i I C  
TO 8 SA*E RS ' L '  PBOVE 
VOLU'IE (L ITPSS)  
nPNSITY [KG/L)  
V A L E  ?T T 
VP~.O': RT T DLTJS DELTA T 
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C 
C 
C 
C 
C 

C 
C 
c 
C 
c 
C 
c 
C 
r 
C 
C 
C 
C 
c 
C 
C 
C 

c 
C 
C 
C 

F I V 3  ARP4YS DPSCQIBV ‘TYF F9‘JIPPl”f“ 
VT (J) “I)?RL VOL’J“’ OF THE: ST4GF [ L I T P c S )  
VS (J) R2IJFO’JS VOLII’I’ S 7 T  POIYT ( L I T F Q S )  
V K A  (J) R Q U E O l l S  PPOP09713NPLITY CI)NST4N‘: (1 .0 /5)  
V K 3  (J) OPGANIC PPOPO’TY3VhLITI C O H S T 4 N T  ( l . C ) / S )  

THP AQUEOUS *LOY04TE all? Op STAG? J I S  GIVEN EY 

SIYILADLT,  THF 7OG4YIC FLOWUZTS I S  
VP4 ( J )  (AQ VOLrl7P-VS ( J I )  

VKO(J)  * ( I Q  VOL*OR VOL-VT ( J ) )  
PROD (J, K )  PROD’ICT STQPA7S 

J = S T A G ?  HnYEFn 
K = DHhSo K = 1 4QrJEOUS 

T’l3 VbL’lI: OF PF73 1S T P Z  * h X I l U l  F L O U R h T Y  OF THE 
P P O D T T  STRER* JYq3VuD FRO‘ THF STIGE. I F  
YC DUOD7CT ST’PIY I S  PEYOVED, THE VILUE I S  0.3. 

= 2 CRPANIC 

O T Y F R  YISCELLINEOUS VAeIneLEs .  
NSOL‘J HISHEST N’JISE”ED SOLUTO F33NCl I Y  THY SYSTEZ. 

NSOLU I S  USFD 7 3  4VOID IYNYECESSRPT CLLCULLTXONS 
B Y  SYDASSTYI; CALCULbTI3US U 4 E Y  THERE I S  NONE Or 
4 DAP”?CVLR’ S O I U T F  I h  1 SYSTM. 

SPH SDFCIVIC HPAT 0- THY 3?CAVIC (IPPROX) 
I S O L  I Y D I C 4 T I ~ Y  ”F TH’ D”ESELITE OF NON-ZEQO VhLUlS I Y  FEED 
rCNTRL ?N>ICACIOY C F  T o p  D?ES?NCE 3P CONTRBCLLZRS IN T’IP STLGE 
CONVQ‘: *E: ISr )RE OF Tu? qA?E OF C54NSE: 9 T  STATE B Y  P1A59 
TITLO D?SCPIDTIVP T I T L F  FOR THP CAS? (UP T O  1 0  CArtDS) 

cccccc 
CO!lYON/V4PS/ B A N K  ( 1 0 0 , 2 , 1 0 , 2 )  ,P’?EE3(100,2,8, 1 U )  
COI7ON/SYITCH/ YTOST,YSOL’J ,C?: P, S’H, ~ ~ Y I V , N ~ Y O ~ T , I V O L , I ? ? O , ~ ? Y P I ,  

COnNC3N/SPS??Y/ V T ( 1 0 3 ) , V S ( 1 3 3 )  ,VKR(10O),VK0(1O~),PK3~(100,2) 
FEAL*9 T I T L ? ( 1 0 , 1 0 )  
Y !!I? ac= 1 

1 0  CONTIN‘IE 

. DTAETA,ISOL( 10) ,CONVPS ( 1 9 0 . 2 )  ,I?XN,XXOCE:, ICY?RBL ( 1 0 0 )  

- 
‘3 
C ??P,RDIYG TH? CONTFOL C93D F n F  THE N?XT CASE 

C ‘ITOST = 
C CTI“? = 

C 
C - 
C IP?OCE= 
c 

Q ~ ~ , Y T T L , B T O S T , C T a ~ , ~ ~ ~ ? ~ , I ? ~ ~ , ~ P R 3 ~ ~  
DO 1 1  I = l , Y T T L  
R E A 9  1 0 0 3 .  (TITLE(1.Y) , N = l ,  1 0 )  

IP(Y?OST.L’?.n) YTOST=lqn 
N SOLlJ=6 
SP4=3.321+0.S-f8+CT9P 

1 1  CONTINUE 

C 
C 
C I U I ? I 4 L I Z I N S  V4@IABLES 
C 

1 4  

1 6  

1 Q  

D? 1 4  1=1,1’2  
ISOL ( I )  = ?  
c 3YT I Y 11 P 
D3 2 0  J = l , Y T 7 S T  
ICNc9L (J) = O  
V ? ( J ) = - 1 . 3  
V S ( J )  = - l . n  
V K A  ( J )  =@.? 
V K O ( J I  =o.n 
r lO  2 0  5 = 1 , 2  
CONVRG ( J , K )  =200 .3  
E 3  1 €  L.1.Q 
DO 1 6  Y = l , l 4  
F F E Q  ( J ,K,L. ’ I )=J .O 
CONTINUE 
tQO9 ( J ,  I() = O .  7 

1 9  ~ = i . i r )  
33 19 1 = 1 , 2  
PAYP(J ,K ,L .7 )=0 .7  
C?YT IYrl r 
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C 
C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
C 

B I Y K  ( J ,  K , ? ,  1 )  =TERFI  
B I N K  (J, K,7 ,2 )  = T F B F I  
U I N K  ( J ,  1 , 1 0 , 1 ) = 0 .  9 ~ 2 2 U 7 - 0 . 0 0 O ? R ? ~ ~ ( I r * p I - U O . ) - O . D 0 0 0 0 ! " [ T E ~ P ~  

FANK ( J . l ,  10,2) = B I I N K ( J ,  1 . 1 0 , l )  
R b N Y ( J , 2 , 1 0 , 1 ) = ( 0 . 7 6 2 *  ( l . - C T B ? ) * ( ( 3 9 ~ . - T E M P I ) / J 6 6 . )  **r).29 

. -UO.)*+2 

. 4 O , o P U 9 * ( 1 . - 9 . 6 F - U * T F q P Y ~ 2 . 9 ~ - 6 * T E H ~ 1 * * 2 ) * C ? a P )  * ( l .  . - 0 . 0 1 7 U * ( 3 . ~ 5 - 0 . 0 1 4 U * T P ~ ? I )  *CT?P**1.6?) 
~ ~ ~ ~ ( ~ , 2 . i o , ~ ) = a n u K ( ~ , 2 , r a . l )  

2 0  CONTINUE 
4 0  COVTINUE 

R Y R D I N G  THF rOYTROL C4PD P9F THY NFXT TIYE PPDIOD 
D T H E P L  = TIlS INCQEIPNT ( S )  
DPRINT = T T l E  BETWEEN SUCCESSIVE DQ3FILE PPINTINGS ( S )  
TSTO? = T I l E  W H E Y  ?YE C4LCWL4TIONS WILL STOP I P  THE TOL3FANCE IS NOT YET 
TOL = TOLBQANC? FOn THP S T V A D Y  STATF DET~RYIUATION [CHANGE I N  / S) 
N W I N  = SUITSH V J R  ?%DING YEF "FED STF"3"S ( O = Y n ,  I = Y 3 S ,  Z=OlLY REVISED) 
NEWOUT = SUTTC4 FOR PEADIYG N W  DP'lnIICT 5TQCR*S (VALUE SRilE RS POP NEhIY) 
TVOL = SWITCH FOR R 3 A D I N R  N F W  VOLUlE C3NSTANTS (VALUE SAIIE AS FOR VEUIN) 
I P q O  = SWITCH " O F  RIADIRS P Y  I Y f T I ? L  P F D F I L F  ( l = Y E S ,  O=ND) 
IPNCB = SWITCH FOR W Y C 4 I V C  TI!E FINAL PROFILE O Y - 0  CARDS (l=Y?S, r)=NO1 

C 

5 0  

60 

C 
C 

R E  LD 
IF(DTHETA.EQ.O.0) GO TO U O O  
IF(NSWIN*UEUnUT+IVOL+IP"O.YE.O) G 3  T O  50 
P Q T I ? E = P S T I ~ " + D ? ? I N "  
PRINT 1002,DTHETA,D?RINT,TST3P,TCJL 
G O  TO 1 U O  
CO YT I N  U F 
I F  (IPRDCI.NE.0) I ERDCE=l 
I F  (NRWIN.Y~.O.AND.NSWIN. NE. 1 )  NfUIN=2 
I F  (N El4 OOT . !I?. 0 .  R NP. YTWOWT. N Y. 1 ) 
I F ( I V O L . I F .  O . A N D .  IVQL-N?.  1)  IVOL=2 
I F  (1PRO.YF.O) I P R C = l  
T F (I P NC H. N 2.0 I I P K H= 1 

1 00 1. DTH FTb. DPUINT, TSTOP ,T3 L, '4 I)U I H, NEW OUT. IVI)L, IPR3, r P N C  4 

N ?30DT=2 

oRmr 1 0 0 3  
I F ( I P R O C E . P 2 . O )  DPINT 1 0 2 1 , C T ? P  
I P ( I P R O C E . E Q .  1 )  P E N T  1 0 2 2 , C T F P  
D O  60 I=l,ATTL 
PFIYT 1 0 2 q ,  ( T I T L v ( I , U )  , U = 1 , 1 0 )  
C 0 YT I N (I f 
D!?TNT 1002.  DTHITA .DPRINT,TSTDP ,TOL 
IP(NEW1N.EQ.O) P s I V T  10LlU 
l?(YEWIN.?Q.l)  OPIVT 1 3 0 5  
IP(NEW?N.FQ.2) PRTNT 1 1 0 5  
IF(NEUOUT.EQ.0) P V N T  1 0 0 6  
I?(NEWOUT.S2.1) 5'FTJT 1 7 0 7  
IF(NRYnUT. tQ.2)  P f I V T  110 '  

IF(TVOL.EB.1) P R I N T  lOOq 
IP( IVOL.?2 .2)  ?RTNT 110'3 
I F ( I ? 9 9 . ? Q . O )  P a I V  1 0 1 9  
I V ( I ? R O . 9 Q . l )  PRINT 1 0 1 1  
TP(IPNCH.FQ.0) P'INT 1 1  12 
SP(I?NCH.UZ.l) P9IYT 1 1 1 3  
I F ( I R X P . F C . 0 )  ?PIN? 1 1 1 5  
IF(IEXN.EQ.1) PPZKT I 1 1 6  
IF( IBXY.EQ.2)  PPIR- 1 1 1 7  
IF( IPXN.72.31  ?PINT 111'1 

lP(TVOL.EO.0) PFIKT 1 0 0 9  

C SUR3OUTINF STI?TS  D O r S  ALL T H ?  F c P 9 1 N I ' J G  I N ? T  FUYrJTIONS FOE T!!P P R O 7 R 4 Y .  

C UF? T E E D  cjT??lYS, CTC. RUT:  TO 1" " u 4 9  OFF CILPDS. 
c 
C 

c I r  IS C R L L E ~  W I L Y  I- THE us?? H A S  I:IDTCATTD (KITR ? H Z  SWITCHFS) T H A T  

CALL STAQTS 

TOTYf lE=O.O 
PR?TNE=O.O 
GO TO 203 

1 U O  C O N T I N l l E  
TOTIF!E=TOTIY:+DTHETA 

C 
c 

C V O L U J E S ,  COYC?NTP%ITONS, 4 N D  T F y P S P P T V F E S .  STAG95 ALSO CHZCKS THY 
C FPED STPE4tl  C D N T P O L L 5 U S .  Y D f P F C  J ' J S T  S Y I T C F ' r S  TqF OPDPF Df CRLCULLTIOI. 
C 

c SUBFOKINE S T A G U S  P E R r n 3 i s  T R F  STXGE-WISE C ~ L C U L A T I O I S  O F  F L O W P A T Z S .  

CbLL SFRGFS ( U D I O E C )  
Y D I P  EC= -N D I  ?C 
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C 
C 
C CYECKING C0NVPQ:ENCE TO STVAqY STRTE. CONVRS I S  TYE I I A X I Y U M  CHANGE 
C FOUND I N  T Y V  BPNK CONCENTRATIONS, TEHPERRTVFES, OR FLOWRATES, OR 
C THE FEED STBEAE CONCENTRATIONS. TEMPPRATUYES, OR FLOWRATES. TSE 
C CHFCK I S  Y k D Y  BY S'IhGE, 3 Y  PHASE. 
C 

DP 1 5 0  J = l , N T O S T  
DO 1 5 0  K = l . ?  
IF(CONVRS(J,K) .GT.TOL) 1:O TO 2 0 3  

TSTOP=TOTIM? 
150 CONTIN'JE 

2 0 0  CONTIAUF 
C 
C 
C ? H I S  ' I F '  DETERIZNES WWTHER A PROFILE WILL BE PQINTSD. "'HE. PPOFILE 
C 7 s  PRTNTED EVEPP DPQINT SECONDS, OR IT THE CONVEYGENCE TOLERRHCE 
r A A S  PEEN YET. O R  I F  TSTOD HAS 6EFN QEACHID. 
c 

TF(TOTIV.LT.PRTI R E . A N D . T O T T Y F .  LT.TSTOP) $0  T O  i a o  
PRTTHE=PRTI UIZ+DPRINT 

C 
C 
C PRINTING THE AQUEOWS PF.0FILF. THP PROGPAH TRIES T O  PRINT THE PROFZLF 
C 9 Y  COLUYN, SO A 3LANK LIVF I S  LEFT WHEPE A PFODWCT STREAM IS R%lOVED, 
C A N D  TAE FEED STREARS ARE PRINTEC PYERE THEY ENTER THE BLNK. 
C A STAGE WILL NO': B E  PDINTYD IF I T  HRS N O  VOLIJPE. 
C 

IF( IPROCE.EQ.0)  PIITNT 1 0 1 2 , T O T I ~ E .  ( T I T L E ( l . 1 )  , T = l , l O )  
IF(IPROCE.EQ. 1 )  PRIST 1023,TOTT?E,  ( T T T L E ( l . 1 )  , I = 1 , 1 0 )  
DO 2 1 0  J=l ,YTOST 
I F ( P P O D ( J . 2 )  .NF.O.O) D ? . I N ?  1 0 1 3  
IP( fEED(J .1 .8 .2)  .GT.O..OP.TCNTRL(J) .EQ.1.3F.ICNTRL(J).EQ.3) . PRTNT 101U.3. I F E . E D I 3 . l . I . 2 ~ . I = l . B ~  
I P ( ~ ~ N K ( J . l , ~ , ~ ) ~ d E . l . ~ - ~ ) ~ P u I N T  lOi5.J. ( B A N K ( J , 1 . 1 , 2 ) , 1 = 1 . 1 0 ) ,  . CONVPG ( J ,  1 )  
PPLO=AYINl ( B h  N K  ( J  , I ,  9 , 2 )  , PROD ( J ,  1)  ) 
IF(PFLO.5F.  1 .0E-9 )  PRINT 1 0 1 6 . 5 .  (SRNK(J ,  1 , 1 , 2 )  , I = 1 . 7 )  ,?FLO 

2 1 0  CCYTINUE 
C 
r 
C PPIYTING THV ORGANIC P P O F I L F .  
C 

I F  (I PROCE. EQ. 0 )  P F I N ?  1 0 1 7  
TF(IPROCE.EQ.1) P F I Y T  1021, 
n0 2 2 0  J=l ,YTOST 
? F L O = h ! f I Y l ( B A N K ( J , 2 , Q , 2 )  ,?Ron ( 5 . 2 ) )  
T F ( P P L O . S V . l . O E - ~ )  PPIYT 101Q.J .  ( B R Y R ( J , 2 , 1 , 2 )  , 1 = 1 , 7 ) , P P L O  
IF(IPROCE.vQ.l.AND.3ANK(J,2,?,2) .7E.232.*(0.0q13*6.U7E-2 . *BRNK(J,2,7,2)-5.U6F-5*FIFK ( 5 . 2 . 7 . 2 )  **2-0.306*FAIR ( 5 . 2 , l .  2) ) 

.LVD.€'?O9 ( J . 2 )  .N?. .O.O)  P3)INT 11 1 4  
I F ( B A N K ( J , ? , " , ~ )  . G ~ . I . E - O )  mrNr 1 0 1 5 , ~ .  ( B L N K ( J , ~ , I . ~ )  , i = i , i ~ ~ ) .  . COYVR': ( J , 2 )  

. * @ A N K ( J , 2 . 7 , 2 ) - 5 . 4 6 $ - 5 * ~ ~ N K ( J , 2 , ~ ,  2) **2-0,306*BANK(J,2.1,2)) 
I F  (1PROCY.EQ. 1.4NC. BP.NK [J, 2 , 2 , 2 )  . SF. 2 3 2 .  ( 0 . 0 " 1 2 + 6 .  UTE-: 

.AND.3AYK(J,2,9,2).CF.l.9F-q) P?TYT 1 1 1 4  
IP ( F E E 9  ( J ,  ?,Re 2) . GT. 0. .QU. ICVTPL ( J )  . GF - 2 )  

IF (PROD(J .1 )  .NE.O.O) PRTNT 1'113 

P P I V T  1 0  l U ,  . J , ( F E E D ( J , 2 , I . 2 ) , I = l . R )  

2 2 0  CONTINUE 
IF(T?TINS.LT.TSTOP) G n  TO i u r )  
IF(IPNCH.F'?.O) G O  T7 2UO 

C 
C 
C P'JNCHING THE FTYRL PFOFTLE. 
C 

23  0 
2u 0 

u0 0 

D O  2 3 0  J = 1 ,  NTOS? 
PO 2 3 0  K=1,2 
CONCH 101". (SANK(J.K.L.2) , L = l , " I  
CONTINUE 
CONT I N UP 
P 9 T I  f!E=TO?I.Ip 
GO T O  U O  
CONTINUE 
IP(DPPINT.EQ. l .0)  GO TO 10 
STOP 
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SUYROUTIU~ STARTS 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUYROUTINP STAqTS DOES THE IYoUT DUTIES FOR THF DROGRAN. NEW FEED 
STRFAYS, PQQDUCT S T R E 4 Y S .  VOLUqE CnNSTANTS, A N D  I Y I T I R L  PROPILYS 
ARE ? E A 0  I Y  R S  REQUIRED BY T H I  USFQ. BEFORE NEW VALUES ARE RBAD, 
THY OLD VLLUES ARE 'ERISFD. '  

cmqoY/vaRs/ B L Y K  (100.2,  i~ , 2 )  , P E ~  ( 1 0 0 . 2 ,  Q ,  i u )  
C3NNON/ST5TEM/ VT ( 1 0 0 )  , V S ( l O O )  , V R I ( l O O ) , V K 0 ( 1 0 0 )  ,PROC(100 ,2 )  
CO!lNON/SYT"CH/ YTOST,NSOLU ,CTPP,SPH, N E Y I N , N ~ W O ~ T , I V O L . I P R O . T C r P I I  

RPIL*f! L A % D Y L ( U )  / '  4QUw'0US' , '  O D G L N I C ' , '  AQ PESI)',*ORG FEED'/ 
REAL*B ILBCOY ( 2 )  /' 3-RODF ' , ' ON/OFF '/ 
REAL*B LRBV(2,10)/ 'HNO3 ' . 'HN03 ', ' UP! NIU'l ' ,'USANIVY ', 

' P U  ( I V )  ' , 'THOQTUq '. 
'PU ( 1 1 1 )  *, ' SPLOTF U ', 
'REDUCTNT','SOLUTF 5 ' .  ' NITR hTE I ,  ' N'TR AT E I, 

'TER? ' , ' T n f i D  ', 
'FLOWQLTE',' PLflWo4TE', 
'VOLUflE ' , 'V3LURE ', 
"JENSTTY ' . ' D E Y S  ITY '/ 

. DTHPTA, I S O i  ( 1  0) ,CONVPG ( 100,2).  IRXN,I?POCE. ICYTRL (1 00) 

DIYENSICN COY (9 )  
IP(NEWIN.SQ.0) GO TO U O  

R€hDTNG NEW FEED STREArlS. 
T N  REAOTNG NEW ?NPUT VPLUES, THE PPOORAM ALLOWS TY? USER TO EIT'IZR 

PFND NO YEY VALU5S, ? E l 9  ALL NFW V4LIJJS, 3k J U S T  R E A D  RBVISIONS TO 
THE PRES'NT VRLUFS. I? ONLY "EVISIOVS APE PEIYG 7ADE (Y?WIN=?), THE PEE3  
SToEA'l AFFAT I S  NOT PE- IYITILLIZED.  I F  hLL NEW VLLUES PRF BEIYG ?CAD 
(NEHTN=l) TYE PRRLY I S  RF-TNITIRLISED BEF3PE CAIIDS 19E REID H!!IC?I 

YTPES OUT L N Y  PREVIOUS V4LUES. TF NO NEW VP.LUES RRE BEIN? REA!I  
(IIEWII=O), T H I S  SECTIOV I S  SKIP!'?!). 

C 

1 0  
1 5  

1 6  
1 9  

C 
C 

IP(NEWIN.EQ.2) GO TO 15 
DO 1 9  J = l , N T D S T  
DO 1 0  K = 1 , 2  
D O  1 0  L = 1 , 9  
D'3  10  R = l . l U  
FPFD(J,K,L. Y9 =O.O 
CO YT I N 0 F: 
CON? I N  UE 
READ (5.1901) J.K. (CON (I) . I = l , B )  ,INDYX,IC3NTR 
IF(J .Lm.0)  J = l O O  
IFfK.NE.1) 4.2 
IF(C3N(Y).YQ.O.O) CON(Y)=TEYPI 
Fl!SD(J.K.',l)=CON (7) 
FEED (J,K,7,2)=CON(') 
DO 1 6  L = 1 , 8  
IF (CON ( I )  . G ? - O  . O )  ?EX! (J,X ,L, 1 )  =CON(L) 
I F  (C 9N ! L) . G p.  0 . 0 )  P??O ( J  , X L, 2 I = C9 N ( L) 
IF (CON ( I )  .NE.O - 0 )  I S O L  (L)  = 1 
C O NT T N UE 
CONT INlJE 

IP(TCONTP.EQ.0)  GI: TO 2 0  
IF (ICONTP. YQ. 0.  nvc.  I N D ~ Y .  "9. I )  T n  TQ 1 5  

C ICNTRL IS SET T3 SISh'RL TYF PRESENCE 3F PROCFSS CONTROLLlFS FOR 
C TSE STIIGE. TCYTQL = 0 N O  CONTOLLERS 
C = 1 CONTROLLERS O N  T H E  A @ U 3 0 U S  FEED 
C = 2 CONTROLLPPS 0'1 ?HE CIIGRNXC PEED 
C = ? CONTROLLERS DN B O T H  'PEDS 
C 

IP(IYNNTFL(J) .FQ.O) I C N T D L ( J ) = K  
I P ( I C N T F L ( J )  .NE.K) I C V T P L ( J ) = ?  

r- 

C 
C THI: PEED S ? ? I h Y  H A S  CNE a?  ?ORE C O N ? R 3 I L X R S  Rl'TACSZT) T 3  I T ,  50 THEIP 
C CONSTANTS Y O E 3  TO EE REA? I N .  
C 

RC4D (5,10112) L,JE,KN,L?, (COV(l) , I = l , C )  ,ICONTR 
TSOL (L) = l  
FEED ( J , K , L , 3 ) = J ' l  
FEED(J,K,L.U)=KY 
PEED (J.K.L,S)=Ltl  
I F  (CON ( 3 )  .LQ.O.O) CON ( 3 )  =l. 0: U Q  
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DO 1 9  yI.6.13 
f E E D  (J,K,L,O) =CON (N-5) 

l q  CONTTNWE 
GO TO 18 

2 0  CONTINUP 
C 
C 
C 
c 

C 
C 
C 
C 

C 
C 
C 
c 

PRINTING TPE PEED STREkrl INF9RfiATI?N. 

IF(IPR3CE.EQ.O) PRINT 1011 
IF(TPROCE.XQ.1) PRINT 1 0 1 3  
DO 25 J=l,WTOST 
DO 2 9  K = l , ?  
IF(FEE!) (J .K,S ,Z)  .LF.O. O.AND.ICNTRL(3) .NE.K.AND.ICNTRL(J) .NE. 3 )  . G O  TO 2 5  
PRINT 1012.5 ,  (PFEC(J.K.L.2) , L = l , R )  ,LA@PHR(R) 

2 5  COVTSNUE 

PRINTING Ti'? COYTROLLER S?ECIPfCATIONS. 

N=IPROCE*l 
Pr(1UT 1 0 1 4  
DO 3 0  J=l,YTDST 
IF (TCNTRL(5) . X Q . O l  GO T D  10 
DO 3 0  K=1.2 
I P ( I C N T P L ( J 1  . N E . K . L V D . I ' Y l U L ( J ) . N P . 3 )  GO TO 30 
DO 30 L = 1 . 9  
I P ( " Z E D ( J , K . L , 3 )  .FQ.n.O) 7 0  T O  20 
L A = A S S  (F'PD (J,K.L . 3 )  ) 
L a = F W D  (1, K. L, U )  
LC=P?!FD (J,K,L, 5 )  
L D = l  
IP(PW'9  ( J , K , L , 3 )  .XT-0.0) L D = 2  
" R I V T  1015,1,L43oHA (K+2) , L R P V  ( Y . 1 ~ )  , L X , L A B D H R  (T.3) ,LABV(Y,IC) , 

30 CONTINUP 
U O  CONTINUE 

. CABCI)Y(L?), (FEFD(J ,Y ,L ,LE)  , L E = 6 , 1 ? )  

TF(N'UOVT.?Q.D) Gt TO 5O 

1 ~ ( ~ e w o u r . ~ ~ . 2 )  G C  ~9 4 3  

P m n  (J .K)  r0.7 

PROD ( 1 , 2 ) = 1 . 0 S 2 0  
? q O D  (NTOST, 1) = 1.0F20 

?FAD ( 5 , 1 0 0 4 )  J,K, E'L0,IYDEX 
I F  (P.NP. 11 K=2 
P?OD ( J , K ) = s a 4 X l ( O . O , P ~ L 0 )  
IF(TYDEX,RQ. 1)  ;O TO U 5  

DO U 2  J=l .NTOST 
DO 42 K=1,2  

4 2  C O Y T I V l l F  
4 3  CONTINUS 

4 5  CONTINUP 

P R I Y T I ' I G  UHEQE "?OI)OCT STRFA'IS APE o'FY3VPD. 

P R I V T  1 0 0 5  

I l r 3  U 9  R r l . 2  
IF(PROD (J ,K)  .NE.O.O) P R T A I :  1 7 0 6 , J , L R B ? P 4 ( K )  , P q D l ) ( J , K )  

99 u e  J=I,YTOST 

U O  C3NTTNUF 
5 0  COHTINIlF 

IF ( IVOL.E2 .0 )  GO 'IO 6 0  

IF(IVDL.EQ.2) G 3  'I3 S e  
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5 2  
5 5  

60 

65 
c 
C 

nO 5 2  J= l .qTOST 
VT(J )=-1 .3  
1 5  ( J ) = - 1 . 0  
V K \ ( J ) = O . O  
VKO(J) =O.O 
C 3 N T I N U F  
CONTINUE 
READ ( 5 . 1 0 0 7 )  J , T , S , ~ k , T O , I Y 9 F X  
I P ( J . L n . 0 )  5.100 
VT ( J )  =T 
VS ( J )  = S  
I F  (C4.  GT.O.O) V A A  (J)  =rA 
IF(CO.GT.O.0) VKntJ )=CO 
IF(INDEX.PQ. l )  $3 T O  55 
CONTIMU? 
I F  (VKI ( 1 ) .  L’.O.O) V K A  ( 1 )  = l .  0 
I F ( V K O ( 1 )  .LS.O.O) V K O ( l ) = l . O  
D O  6 5  J=2 ,NT3ST 
I ’ ( V T ( J )  .LT.O.O) V T ( J I = 7 7 ( J - l )  
I’(VS(J).LT.O.O) V S ( J )  = V S ( J - l )  
Iu(VKA(J) .LF.O.O)  V K q ( J ) = V K h ( J - l )  
IS ( V K O ( . J )  .LZ.O.O) VKO(J) = ‘ I K O ( J - l )  
cON:InaP 

r 
C 

C 
C 
C 
C 
C 

c 
C 
C 
C 

DUINTIYG TH? VOLTJRE CONSTA’ITS. 

PRINT l C O ?  
DO 7 0  J=l .NTOST 
PRINT lOlO, J ,VT(Y) .VS(J )  ,VKI(J ) .VKO(Y)  

IF(TPRO.?Q.O) GO ‘IO 80 
7 0  CONTrNUE 

RPIDING THE Y?W TNITIAL PR’IIILE. 
R W I S I D N S  ARF ‘JOT LLIOWED WHPN “EAnIYG I N I T I R L  ?DOPILES 

90 7 5  J= l ,WT3ST 
DC, 7 2  K=1,2  
PEAD ( 5 , 1 7 0 9 )  ( C O N ( I ) , I = l , a )  
I F ( C O N ( 7 )  . ? Q . O . O )  C ? ’ l ( 7 ) = T E I P I  
DO 7 2  L = l , q  
00 7 2  .1=1.2 
B A N K  (J.R.L. 7) =CON (I) 
I P ( C O N ( L )  .CT.O.O)  I S O L ( L ) = l  

7 2  CONTIN’JF 

C A L C U L L T I H C  D p v s r x E s  v w  T H =  D=nFIL‘. 

T=BL N R  IJ, 1 , 7 , 2 )  
IP(TPROCB.EQ.1)  G C  T? 7 3  
BINK(J .1 .10 .2)  =(0 .qa22U7-0 .03d3805*(T-U0. )  -0 .000n03’5*(T-Ub.)**2)  . (1 .0-0 .  02Oa*PA‘IT(J ,  1 , 1 , 2 )  - 0 . 3 7 2 4 * 8 9 T K  (J.1.2.2) / 2 3 e .  -0. l ?  . *(IlANK (J ,  1.3.2) + B 4 Y v ( J ,  1 , U , 2 ) )  /23a.-0.0?1*96’lK ( J , l , 6 . 2 ) )  . +0 .0630**BAYK(J ,1 ,1 .2 )  +0.?510~+E?NK(J,l,2,2)/23~.+0.Ua202 . * ( B A Y K ( J ,  1 , 3 , 2 )  + 3 9 N K ( J ,  l . U  , 2 ) )  /23q.+O. 213*94NP ( J ,  1 , € , 2 )  
F=3.65145*CT¶D 
HS=P* (1  .-0.  Q3600* (?  . O T - O .  11U4*T)  * (CT9P** 1. € 5 )  ) / ( 1 .  OCO. Ocl?*F) 
US=23R.*P/(2.* (1.  t 0 . 3 U 6 . P ) )  
FS=239.*F/  ( 2 . 8  (1.40. O a t c )  ) 
F =  ( (  3.95-6. 014U*T)  *CT3P**1.65)  * (1. -0.6 5*9P h Y  (J,  ? , 1 , 2 )  /US 

9AYF (J, 2 , 1 0 , 2 )  = (0 .  ?62* ( 1  .-CT3D) * ( ( ? 3 6 . - T )  /?F6.) **0 .2?+7 .  O’Ua 
-B A Y K  (J , 2 , 2 , 2 )  /US- 94VP (J, 2 , 3 , 2 )  / P S )  

. * ( 1 .  -3.6:- U * T * ? .  RV-  6+; **2) *CTS PI ( 1 .  -3. ou? * 3 4  V K  (J, 2.1.2) 
-0. C97*84VK(J I2 ,2 ,2 )  /23Q.-0.1?9*EANK (J ,  2 , 1 , 2 )  /23?.-0.0lYU*W) 

* (BAVK ( J ,  2 , 3 , 2 l  * B A Y S  ( J ,  2 . U ,  2 )  1 / 2 3 Q .  
. +0.06301*EANK IJ.2,  1 , 2 )  + 0 . ? 9 U O U * e 4 Y K ( J , 2 , 2 , 2 ) / 2 3 9 . , 0 . U a 2 0 2  . 

GO T O  TU 
7 3  CDNTINnE 

E A Y K  (J, l , l O , 2 )  =1 .034@6-3 .0012  196*T46.U95--6*T*T . . +0.3lQ*9ANR(J,l,2,2)/22Q. 

. + O .  ? 7 0 7 9 ~ * B I Y K ( J , 2 , 3 , 2 ) / 2 3 2 . + ~ . 0 2 R 3 2 1 * ~ ~ ‘ I ~  (J.2.1.2) . + O .  3 1 9 * a A N K ( J , 2 , 2 , 2 ) / 2 3 9 .  

O!NK (J, 1 . 1 0 . 1 )  = B P I K ( J ,  1 , 1 0 , 2 )  
S R Y Y [ J ,  2 , 1 0 , 1 )  = a A A K ( J . 2 , 1 7 , 2 )  

+ O .  ?92ql*DANK ( J ,  1 , 3 , 2 )  / 2?2 .*3 .  029322*!?9’11((J, l ,  1 .2)  

9 A ’ I K  (5 .2 .10 .2)  =O. P 3 R ~ 4 - 0 . 0 0 1 1 ’ U 7 * ~ + ? . 5 7 ” - E c C . T  

’U CON’INUF 

f c  C O Y T I K ‘ J F  
?r) COHTiiiUE 
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9 5  

1 Q O  1 
100 2 
100 4 
1 0 9 5  

NSOLO= 1 
DO 95 I=1 ,6  
IF ( T S O L  (I) .EQ. 1) 
CONTINVE 
FFTII RN 
FDRMAT ( I U , I 2 , 8 F R . O , 2 ? 2 )  
F O R 4  AT (12,I4,212, e F 9 . 0 ,  T 2) 

FOR*AT ( ' - P R O D U C T  STQEAYS 4RP F E Y O V F D  PT STRG" P H A S Y ' , T X , ' R A T T  

NSOLW=T 

F O F ~ A T  (14 ,  r 2 ,  FE. o ,IZ) 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUEROUTTNE STLGES P E F F O R Y S  TYE STASE-WISE CALCULATIONS FOR TYE SYSTEY. 
VOLU.IES L A D  FLCUS A?E CALC'JLATFD FTqST. CDNCENTSATIONS A R ?  COYPUTPD 
V!?XT. PINALLY, THE CONTPOLL?RS !.RE CHPCKED TO YODIFY A N Y  FEE3 STREAY 
V I ? I I B L ? .  
THESE CALCIJLATIOVS ARF:  S S E D  O N  TNTFSPRTING THE ? A S S  BALANCES POR 
THE VAPTOUS QIJP.NTITIES. INITIALLY, TEE FLOPS LYI )  VOLUMES ARE CALCOLITED B Y  
INTECRITING THE V r ) L O l Y  BALRNCE F'lR EACH PHASE. THESE IPE CALCULATED F I R S T  
SINCE THPY ARE NOT DEPERQYNT ON THT CONCPYTEATIOYS. THE CONCEYTPATIONS 
\ R E  CILCULJTED NEXT, TLKIN': INTO ACCOfJNT THE CHAICINS PLOYS A N 3  VDLUflES 
I N  TYE INTEERATION. TPE C3NTROLLERS A R E  CHECKED LAST SINCE THPP R E Q U I R E  
V4LUFS AT TU0 POINTS IN T I Y ? ,  PN3 T H I S  I S  THE ONLY PLACE WHEPE TWO 
POIYTS I R E  KEPT. 

CUfllON/VLBS/ B A N K  ( 1 0 0 , 2 , 1 0 , 2 )  , FSPIQ ( 1 0 0 , 2 , P ,  1 9 )  
CO~lON/SYST?1 /  VT(10iJ )  ,VS(l00),VKA(l00),VK~(lO0),PROD(lOO,2) 
COY!lOP/SU ITCY/ N TOST, V S Q  LU ,CTP P ,  SOH, Y? HI Y , P €WOO T, IVO I, I PPO, T I YPX, 

COlllON/DTSTPB/ XTFY ( 7 )  ,DT?T(6)  , T I N  
DIIEWSION TTPY ( 7 )  , I N U I E R  (7 )  , 3 N O ~ E R  ( 7 )  
CON"L.=0.001 

. 9THETP.,ISOL(lO) ,CONVRG(100,2) , I ? Y N , I P R O C E , I C N T R L ( l O O ~  

CALCOLATINE NQ'J?OUS FLOWS A N D  VOLW7PS. 
V = IQOECUS PLOW INTO THV STAGE IT T I W  T. 
D = AQUFOUS PLOY INTO THY STAGE 4T T I Y E  "FDTHET4. 
E = 'XPONEYTIAL "UhCTION. 

D 3  3 0  J= l ,NTOST 
V=PPED ( J .  1 , q . l )  
D=P'1D(J,1,9,2) 
I P ( J . E Q . l )  7 3  T 3  10 
V = V + R N A X l  (0 .0 ,  BRYI(J - l , l ,R ,  l ) -PQOD ( J - 1 , l ) )  
D = D + A Y A X l  (0.0. B A N K ( . l - l , 1 , 8 , 2 ~  - P D O O ( J - l , l )  1 

E=EXP(-DTHETA*VKl ( J ) )  
1 0  CONTlNDF 

T P I S  EQrJRTIOV T S  FOR TYF R P V I L A P  ODESATIDN OF 4 ST4GE. LQUEOUS I S  
FL3UTNG OUT OF THE S-IGE hT T T l E  T A N ?  T+DT"PTA. 

EANK ( J ,  1 ,1 ,2)=E*BRNK(J,  1 , O ,  1) +VS (J)  +3/VK4 ( > ) - E *  (VS (J)  + V / V K F  ( J ) )  . +(F-l.)*(D-V)/(DTYETh*VK4(J)**2) 
I V ( S A N K ( J , l , Q , l )  . G E . V S ( J ) )  Gn TO 2 0  

T H I S  EQUATION I S  FOR FILLIYG THP S T 4 5 E  SINCS N 3  AQVE3IJS I S  PLOWING 
OUT AT T I I "  T O R  TtDT4ETR. 

BIYY(J,l.~.2~=BhYK(J,l,~,l)+ (V+D)*DTHVTi/2.0 
I P ( 9 1 N K ( J , 1 , 9 , 2 )  . I Y . V S ( J ) )  G'3 Trr 2 0  

THIS EQ7ATIOY I S  FOR TS? ' 5 3  F L O F '  TD 'FLOU' TF9NSI?ION. I T  RSSUMES 
TH4T THE FLOU OUT CF TPE STLGE VLPIES LINEAPLY O J U R  THE T I 5 E  INCREYENT, 
4N0 THLT TOTAL V O L C ?  I S  COVSIPVED. 

EAYY ( J ,  1.9.2) = (89 H K  ( J ,  1 ,  Q ,  1)  + ( V t D + V R i  (J)  *VS (J) ) *DTHETR/2.0) . / ( 1  .O+DTYETA*PKL(J)/Z.O) 
2 0  C O l T I V r l P  

I F  (BIVK (J, l , O ,  2 ) .  I?. 1. F-U) 
B A V K  (J, 1,9,2)=AYAXl ( 3 . J , V K ~ ( J ) * ( 3 A Y P ( J , 1 , 0 . 2 ) - V S ( J ) ) )  
IF (SANK(J ,  1 , 9 , 2 ) .  IT. l .E-6)  
7 F ( 9 A N K ( J , 1 , 3 , 2 )  . I ? . 0 . 9 5 * V T [ J ) )  73 T 3  30 

@ A N P  (J, l ,Q ,  2 )  =0. 0 

BA'IK(J,  1 , P , 2 )  =O. 0 

Y&NK(J,  l , q , 2 ) = 0 . 9 C * V T ( J )  
FINK ( J ,  1, Q, 2)  =V+D-A97T ( J ,  1 , q . l )  -2.0' (0. QiS*V?(J) -B4NK ( J ,  1 , C ,  1 )  ) . /DTHETI 

3 0  CONTYVO? 

r i L c u I . L r T Y c  O ~ G R Y I C  FLOWS 4 ~ 9  VOLIJ*?S. 
V = ? R G L Y I C  'LOW IYTO THY STAGE 41 TIY? T. 
D = 3 9 G h N I C  PLOW INTO T Y r  S T 9 7 7  PT T I Y F  T + D T H E T 4 .  
F = EXPONZYTI4L F7hCTIP ' I .  

D? 6 0  J J = l , N ? O S T  
J=NTOST-JJ+ 1 
V=FPFD ( J , 2 , 9 , 1 )  
D = P n F 3  ( J ,  2 , 3 , 2 )  
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IP(J.EQ.YTOST) G O  TO 4 0  
V = V *  A n  A X 1  (0.0, BA N X  ( J + 1 , 2 , 8 , 1 )  -PqOD ( J * l  , 2 )  ) 
D = D 4  A t l  A X  1 (0.0,  BANK ( J 4  1 , Z ,  8 , 2 )  -P?OD ( J + l ,  2 )  1 

E=EX?(-DTHGTA*VKO ( J )  ) 
IP(BANK(J .1 .9 , l )  .LT.VT(J)-BASK ( J , 2 . c . 1 ) )  5 0  T O  Us 

4 0  CONTIHUP 

C 
C 
C 
C 
C 

THIS EQUATION T S  FOR THE REGULAR O P E R R T I O U  O f  THE STAG!. OQGANTC I S  
FLOWING OUT OF THE STAGE 4T T I J f  T A N 5  T*DTFIETA. 

BANK ( J , 2 , 9 , 2 )  rE*BANK(J .2 ,9 ,1)  *VT ( J ) - S A A K  (J, 1.9,2) +D/VKO(J) 
-E* (VT (J) - B I N W [ J ,  l , Q ,  1 )  *V/VKO(J)) 4 ('3-1. D ) *  ( I ) -V-VKO(J)* 
(BANK(J,  1,9,2)-BAUK (J, l,Q, 1) ) 1 / (DTHETR*VKO (J) **2) 

. . 

. GO TO 50 
I P  (RANK (J, l.O.2) *EAVK(J .2 ,0 ,1) -VT(J)  +DTHET?.* (V49)/2.0.Gn.0.0) 

T H I S  PQURTIOY TS FOR TYE 'FLOW' T O  ' N O  FLOW' TR4NSE?ION. I T  4SS'JM:ES 
THAT THE PLOWS V A R Y  LTNELRLY 3VEo TH? TIME INCRE+iENT, R Y D  THAT 
TOTAL YOLU'IE IS CONSEPVED. 

C 
E A N K  ( J  I 2,9,2) =BANK [ J, 2 , q ,  1) 4 DT H?TA* ( D 4 V -  BAN K ( J  ,2,9,1) ) /2 - 0  
G O  TO 50 

45 CONTINUF 
C 
C 
C T A I S  EQUATION I S  POI( FILLIYG TH" STkGE WITB OSGANIr SINCE NONE TS 
C FLOWING OUT. 
c 

PINK ( J , 2 , 9 , 2 )  = B A N K ( J , 2 , 1 , 1 )  *7THWT4* (DcV) /2.0 
I F ( S A N K ( J ,  1,9,2) *BANX(J,2.9,2) . L ? . V T ( J ) )  GO TO 50 

c 
C 
C T H I S  EQUATION IS FOR THE ' V 3  FLOW' TO 'FLOE'  TRAIiSITIOR SINCE ?'YE 
C OSGLNIC I S  NOT PLOITN'; OlJT OP THP STP.GE AT T, BUT 1.5 FLDWINR 
C OUT AT TcDTHETR. THE E2'lATION ASSUHES THAT THE ?LOWS V A R Y  LTNSAHLY 
C OVER THY T I 7 2  INCP.EREN?, 4 Y D  THRT VOLUME I S  CONSSRVED. 
C 

SANK (J. 2.9.2) = (BAHK(J, Z.?, 1) +OTHFTA* [ D + V - V K O ( J )  *(BRNK(J,  1.9.2) . -VT (J) ) ) / 2 .0 )  / (  1.O+DTH~TR+VKO (J) /2 .0)  
5 0  CONTTWOE 

I F  ( F I A W K  ( J ,  2 , 9 , 2 )  . LE. 1. E-U) 
B L I K ( J , Z , R , 2 ) ~ A f l A X l  ( D . , V K O ( J ) * ( B A r K ( J , 2 , 9 . 2 ) + B A Y K ( J , l , 9 , 2 ~ - V T ( J ~ ) )  
I P ( B L N K ( J , 2 , 9 , 2 )  -LE. 1.5-6) 

Q l N K  ( J . 2 , 9 , 2 )  ~3.0 

SANK(J ,2 ,R,  2) =O.O 
60 CONTINO? 

C 
C 
C TWE 'DO 25C' LDOP I S  FOI! C&LTUL4TIYG CONCENTRATIONS. T H Z  CONCENTRATIOYS 
C F3P A STAGE S E Q U T R E  THE R E A C Y T N G  O? EQIJILIERIUR TN T 3 E  'MIXER,' A N D  
C THZ SUBSEQIJYNT Y I X I N G  O F  TEE 'RIXYP' PPO9UCTS WITH T H E  CONTENTS OF 
C THE 'SETTLEQS.'  
C 4YiJIIER = AlOtlUT OF 5OLnTF: FNTEFIIJG IY AQTTYUS STSEAYS. 
C BNU5ER = ASOUNT OF SOLUTZ ENTERING I1 ORGANIC S T P E I M S .  
C ADENOR = LaUE3rJS PLOW INTO TYP STR;E. 
C 30ENOY = ORGAYIC PLOW T l T O  -"E STAG?. 
C P IV = TPIPSPATIJFE I N  THT ' Y I X " ? . '  
C X T R Y  = TPTAL A Q r l E O U S  C'INCEYTPLTTON LZAVTh'G THE ' N M I X E R . '  
C Y T P Y  = TPTA',  OSTRNIC C3NCEtlTRATI3N !.EAVIPG THY 'NIXER,' 
C YCORP I S  USlrl9 T O  SCAll THZ STAGPS "7LTIPLY TIJL7S 'OR EACIT TIJF 
C IYCPFIEAT. I T  WAS F C I U 4 D  THAT S'IL:. n!IT S I G Y I F I C I Y T  INTSGRATInU 
C ERRCRS OCC'JJPRSLI WPEN TYI: STASES U'.!?F: SCANNZ!, ONLY ONCE. 
C 

QC 2 5 0  NCQ"7-1.2 
N D I ?  EC=-VDI 7 K 
DO 2 5 0  NSCAV=l,NTOST 
,J=  NS C A N 
IF (NDIPEC.LT.0) J = N T X T - J + l  
J P = . I - l  
J S = J 4 1  

C 
C 
C ' P H I S  SECTION I S  J V S T  ACCl l I~JLPTI IC  TX? SOLIIT? FLOWS I!lTO T9E STA';Z. 
C 

1CFUO3=PE?'D (J, 1 , 8 , 2 ) + ? 3 3 ( J ,  1,  R , 1 )  
EDFNON=PEED(J, 2 , R , 2 ) + F ! ? E Q ( J , 2 ,  P , 1 )  

XTAY (L) =BRNK(J , l .Z ,2)  
L N U t l E R ( L ) = F E E D ( J , 1 , S , Z ) * F F E D ( J , l , L , 2 ) ~ F ~ ~ D ( J , l , ~ , l ) * F ~ ~ ~ ( . l , l , ~ , 1 )  
9 N U ' I t P  (L) =PEED ( J ,  2,9,7) * F ? F D ( J , Z , L ,  2)  t P p B D  ( J , 2 , 9 , 1 )  'FEZD (J. 2,L. 1) 

DO 100 t= l , '  

1 0 0  CQWTINOF 
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I F ( J . E Q . 1 )  ? @  TO 1 1 0  
TERONE-AYhXl(O.0. BANK(JD.1 ,R, l ) - P n O D  (JP, 1 )  ) 
TYSTUO=A'!ATl (0 .0 ,  EANK ( J D ,  1 , P ,  2 )  -??Or)  ( J P ,  1) ) 
ACENOR= A3ENOY+TEQONE+TPQTWO 
DO 1 0 5  L - l , ?  
llNUwEP ( L )  =AYVREP (I) +TER'3YF*RkN K ( J D ,  1 , L ,  1 )  +TERTWD*BANK (JP, 1. L, 2) 

I O c  CCNTINUF 
1 1 0  CONTTNUE 

I F ( J . E Q . Y T O S T )  G O  TO 1 2 0  
TERONE=AYAXl (O.O,EANK(JS,2,A, l ) - P D q D ( J S , 2 )  ) 
TES-UO=A Y 4 X 1 (0.0,  BA N K  ( J S ,  2 , 9 , 2  ) -PqOD ( J S .  2 )  
E D E N O ~ = B b F N D l * T E R C N E t T E R T W O  
DO 1 1 5  L = 1 , 7  
RNUlER (L) =BNIJYEu (L) +TPROYF*?AWK(JS,2 ,L ,  1) +T?PTWO*SAYK(JS,Z.L, 2 )  

115 CONTINUE 
120 C O N T I N U E  

C 
C 
C C4LCTJLATING T I N ,  THE R I X P Y  TFaD"PATUQE, WHICH IS  USED AS THE 
C TSMPFPITU9Y FOF r A L C I J L a T I N G  DIS 'K31BUTION C O Y F P I C I S N T S  I Y  UCOP. 
C 

' I I N = T E M P I  
I F  (ADENON*S?H*BDENOn.cE. 1 , E - l O j  

YCK= 0 

TIN= (ANUYCP (-') tSPH*SNU?lER ( 7 ) )  . / (ADENDK+SPH*EDYNO1) 

C 
C 
C HPYE THE P R X Y A Y  TESTS THY FLOW P A T I O  I N T O  TlIE STAGE T 3  DETERNINE 
C I F  THF STYEA'!S ENTERIVG THP STAGS C4N 3 E  Y I T E D .  EXT!?E!fS FLOW RATIOS 
C CANNOT BE KIXED WITBOUT POTENTIAL PROBLEYS APPFIRTNG.  T H I S  PRIRARTLY 
C TS I GUARD A G A I N S T  U N P E L L I S T I C  VALTIPS BEING CILCULATED ' J U R I N G  STARTUP. 
C 

C 
r 
C THE P H h S E S  ARE NOT TC BE KIXED D U E  T3 P LACK OF ONE OR BOTH PHRSES,  
C O R  AN IRPROPEX FLOW RATIO. THE CONCENTRATTONS L Y b V I N C  TH? 'CIIKER' 
C I R E  S 9 T  T O  A N  AVER9GY OP THF IN?'JT STFEAYS. 

IF(ADEN0M.I.T. 2 5 . 0 * B D E N O A . A N D . P D E N 3 n . L T . 2 5 . 0 * A D E N O r )  GD TO 1 6 3  

C 

1 3 5  

t u 0  
lU5 

150 
1 5 5  

C 
C 

C 
C 

160 

DO 1 3 5  L = l , Y S O L 3  
YTRP (I) =O. 0 
YTRY (J,) =O. 0 
CONTINUE 
I " ( h D E N O l . L E . O . 0 )  GO TO 1 U 5  
D O  1 U O  L=l ,YSOLlJ  
XTRY ( L )  =ANUflEP (L)  /ADENOr 
CONTI N V E  
C O N T I N U F  
IF(BDENCY.LE.O.0)  G O  TprJ 155 
00 150 L=l.NSDLrJ 
YTPY ( L )  = B N U Y Y P  ( L )  /BD9NOY 
COYT I N U  E 
CONTINUE 
G O  T O  1 7 2  

CONT I N U  F 

c BOTH t p u a n u s  N Y D  O ~ G A Y I C  P H A S E S  F N T F Q  T H F  ' ~ I Y T R *  so T H E  SOLWTPS XUST 
C E T  P r - D X S P r S U T E D  PFTWPEV THF D H I S - S .  UCOFDI' C 4 5 r T J L A 1 V S  THE: A P P V P P I A P E  
C DIS ' IRIBIJTION C O E P F I C T F N T S  ( 9 T Q Y ) .  TUE XTED4TION IS USED TO I'NSURF 
C TuIT A Wi\TCHTNC SP? 3F X m R Y  AND 9TSY APE FDUND. A GO33 YATCCH IS 
C D P S I Q E D  DrJ? T I  THE I Y T E P J P L A T I O Y  UPTWEFN Y V E d .  
C 

1 7 0  

17 2 

I F  ( IPROCE.EQ.0)  CALL n C O R O U  
I F ( I P R D C E . F 2 . 1 )  CALL UCORTP 
ICK= n 
D O  170 L-1,YSOLU 
XSAV=XTRY ( L )  
XTRY ( L )  z ( S N U Y F R  ( L )  + B Y U N E P  ( L )  ) /  (RDENO?I+DTRY ( L )  *59EVOY) 
YTFY (L) = V U Y  ( L )  *DTPY ( L )  
IF(XTT(Y (L) -GT.  1.!?-6.4YD.AmS(XTPY (L)-XSAV) . G T . r O Y T O L * X T Q Y ( L ) )  
CONT INTJE 
PCK=NCK+ICK 
I F ( I C K . P ~ . l . 9 N D . Y C K . L P . Z O )  GO T? 160 
C O N T l  NrlF 

I C K = l  



C 
C 
C THE PRODUCTS OF THE 'HIXER" HAVE BEEN DETERflINED, A N D  ARE NOW COYBINED 
C WITH THE CONTENTS CF THE 'SETTLFS. '  THE EQWATTOYS FOR THE 'SCTTLER' 
C ARE SIHFLY PYR'ECT AIXTNG "QU4TIONS FOR A N  RQUEOIJS A N D  AY ORGANIC 
C TLNK. 
C DAVOL = THE CHANGE L N  AQIJEOUS VOLUrlE D U R I N G  THE TINE 1N"ERVAL. 
C DOVOL 5: THE CHANGE I N  O R C A N I C  V O L U N B  D W R I N G  THY TINE INTEBVAL. 
C D4FLO = THE CHANGT IN aQUFOC?S FLOWS I l T O  THE STAGE. 
C DOPY) = THE CHANGC I N  OSGANIC FLOWS INTO TIT€ STRCT. 
C TRPLO = THE AQUEOUS FLOW INTO THE STAGF AT TrNE T. 
C TOFLO = I R F  ORGANIC PLOfl INTO THY STAGE AT TINE T. 
C 

D4VOL=BANK (J, 1 ,9 ,2 )  -BL N K  (J , 1 , 9 , 1 )  
DDVOL=BANK ( J , 2 , 9 , 2 )  - B A N K  ( J , 2 , Q ,  1 )  
DLFLO=PFED(J,  1.8, 2 )  
DOFLOrPFED ( J , ? , R ,  2) 
ThPLO=PEED(J.l ,B, 1 )  
TOFLO=FEEV(J ,2 ,B , l )  
TF(J .EQ.1 ,  GO TO 175 
DAFLO=DLPLO*A7AXI (O.O,BAPK (JD, 1,8,2) - P R O D ( J P , l )  1 
TAFLO=TIPLO*AV A X 1  (0.0, BANK ( J D ,  1 , 9 , 1 )  -PROD ( J O ,  1 )  1 

IF(J -EQ-WTOST)  GO TO 180 
DOPLO=DOFLO+At?AX? (0.0,BINK ( J S V 2 , n , 2 )  -*R@D(JS,2)  1 
TOFLO=TOPLO+RflAIl (O.O,BRNK (JS.2.O,l]-PROD(JS.2)  1 

175 CONTINWE 

190  CONTINUE 
C 
c 
C I Y  THE CALCULhTION PCF THS "ETTLEQ.' THF I f l ~ O P T A N T  QUANTITY TS THE 
C VALUJP FOR THE 'XPONYNTIAL WHICH rJPTFPlINES POW TO WEIGHT THE CqXT'NTS 
C OF THE 'SETTLER' R S  OPPOSED T n  THE INCCItIIW STREI'I .  I F  THE PR3VIOUS 
C CONTENTS OF TH" 'SPTTLFS'  ARE A StlRLL FRRCTTON OF WHAT I S  I N  T4E 
C I ICCVING ST9CAtI. TEE EXPQNEHTIAL I S  ZEFO (THY CONCENTRATION OF THE 
C IqCOrlING STFFAV UIZL BF *HE 'SPTTLF9 '  CONCENT3ATIOI FOR T I 7 8  I+DTRETh).  
C hNOTYEQ EXOONENTYLI I S  VSFD IF TME VOLUnE RE?!AI'IS CONSTANT (DAVOL=O), 
C 4 N D  980THER 'T TU" VOLIIYE AT T T H Z  T A Y D  THE VOLU'IP CHANGE ARE BOTV 
C 5 I G N I F I C I P T .  
C 
C 
C 
C T 9 E  ZERO VALUE 3F 'E' IS FOR W H E N  T H E W  IS NO AQUE'YJS D R E S E Y " .  L N D  F3R 
C WqEN THE AQWYOUS A T  ?IRE T+DTqETA I S  ALEOST XNTI9ELY DUO TO TPE STREAH 
C ENTERING THF 'SBTTI.FR.' 
C 

!3=0.0 
DAFLO=DhPLO-?APLO 
DOPLO=DOFLO-TOFLO 
GENWT=O.O 
FIN=T AFLO+O. 5* D AFLO 

I P ( B & N K ( J , I , Q ,  1)  .LE.O.OOl*~A~K(J.1,9,2)) 50 TO 700 
IF (ABS (OAVOL) .L9.0.001*BRNK(J.  1 . 9 . 2 ) )  GO TO 1 4 0  

I P ( B L N K ( J . I . ~ , ~ )  . E Q . O . O )  G O  ro 2 0 0  

C 
C 
C T A T S  VALUE OF 'E '  IS TRE GE'IFF4S CLS?. DAVCIL ANP THE AQlJEOUS V3LONE 
C AT TIIE T A R B  SXGVIFfCAH*. 
C 

E= (TAPLO-BAYK(J, 1,9,1) *DAFLG/DAVOLI * A L O G ( 9 1 N K  (J,  1 , 9 , 2 ]  

E=EXP (-DTHETA* (E+DAFLO) / D A V O L )  
GENWT=RIOG (BANK ( J , l , Q ,  2)/BANR (J, 1,9,1) ) *DTaETA/DLVOL 
IP (FIN-LE.  1 .OE-6) GO TO 2 3 0  
CETUT= ( ( B ~ N K ( J , 1 , 9 , ? ) / R A N K ( J ,  l , O , l ) ) * *  ( F I N * D T H ~ T A / D A V O L ) - l . O ) / F I 4  
GO TO 200 

. /BARK(J,l.q,l)) 

190  CONTINUE 
C 
C 
C T H I S  V I I L U E  OP 'F' IS POR CONSTRYT VCILWrlF (9,AVnL-Q). 
C 

E=EXP ( -DTHETA*ADEBO' l / (2 .O*BRNK (J ,  1 . 4 , 2 ) ) )  
SENUT=DTHETA/SANK ( J ,  1 , 9 . 2 )  
IP(PIN.GT.  1.OE-6) GBYWT- (EXP(FIN*DTHSTA/84) K ( J ,  1 , 9 , 2 )  1-1.0) /F IN  

200  CONTIXUF 
C 
C 
C CALCWLATING FOR THF AQUEOTIS PHASE. 
C 

D O  2 0 5  L=l,NSOLU 
I F ( B A N K ( J , l , 9 . 2 )  .FQ.O.O)  XTRY (L)=O.D 
EllNK (J, 1 , L .  2) =XTR'I (L)- (XTQY(L)  - B A V K  ( J ,  1 , L .  1 ) )  *Y 
IP(BAYK(J,l.L,2).I.F.l.O*-10) BAYK(J, l ,L,Z)=O.O 

GENU T A = P * G EN W T 
2 9 5  CONTINUE 
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C 
C 
C S T I T L A R  CfiLCOLITTOIS FOR T f f E  ORGIRTC ?HASF, 
C 

e-0.0 
GTNUT~O.0 
PIN=TOPLO*O. 5*DOPLO 
TB(RARK(J ,2 ,9 ,2)  . F Q . 7 . 0 )  GO TO 220 
T ? ( 9 A i l U ( J , 2 # 9 , 1 )  .LE.O.OO1*BINK(I,2,~,2)) ';O TO 2 2 0  
IP(ABS(DOVOL9 .LE.O. 001*BARK ( J , Z , q ,  2 ) )  GO TO 2 1 0  
E~ lTOPLO-RLUKLJ ,2 ,Q , l )  *DOPLO/DOVDL) *ALOG[BARK(J,2,9,2) 

C X E X P  I-DTHETA* fDOFLn+EI /DnvnI.b 
. /BLNK(J ,2 ,9 ,1 ) )  

, . . . -. - , , . . . . -, ~. ~- - -  
RPNUT=LLM (BANK ( J , 2 , 9 , 2 )  / B A R K  ( J , 2 , 9 , 1 )  )*DTHETL/DOVOL 
IP(vIW.LF.l .0?-6)  G O  TO 2 2 0  
GVNWT': ((BA~K(J,2,9,2)/~ANK(J,2,~,1~)** (PIY*DTHETA/DOVOL)-I.O)/FIN 
GO ?O 2 2 0  

Fs1rP (-DTHETlrBDE104/(8A!lK (J.2.q.2) * S A A K  (Y, 2,q. 1) 1 )  
G!NWT=DTHETA/BANK ( J , 2 , 9 , 2 )  

DO 2 3 0  L=l,SSOLU 
I P  (BAMK ( J ,  2 , 9 , 2 ) .  FQ. 0. 0) YTQY (L)  = O . O  
@ a l K  ( J ,Z ,L ,2 )=YT3Y (L)-  (TT9Y ( L )  - 9 L Y K  ( J ,2 ,L ,  1 ) )  *D 
I P ( 9 A R K ( J , 2 , L , Z )  . IE . l .OE- lO)  FANK(J,2,L,2)=O.O 

CtlWTO=F*G!?YWT 

2 1 0  COSTTNWE 

IF ( P T  II e GT. 1.O.E-6) GEBWTS (EXP ( F  P N*9T HE? h/BA N K ( J ,  '3.9 ~ 2) ) - 1.0) /P IN  
2 2 0  COflTTlOE 

2 3 0  CONTINUE 

C 
C 
C SIYILAR CALCULLTION FOR THY TEIPPPRTVP!?. 
C 

E4.0 
IP(BAMK(J ,  1 , 0 , 2 )  .EQ.O. 0. LND.aANK ( J , 2 , 9 , 2 )  .EQ.O.O) GO TO 2UO 
I? (R hNK (Y, 1,9,  1) *SPR*BLRK (J, 2 , 9 , 1 l  . IS. 0.00 1 * (I)AVOL* SPH*DOVOL) ) . G O  TO 2UO 

. ) r;C TO 235 
IF(ABS(DAVOL*SPH*COVOL) .LE-O.OOl*(BLNK(J, l ,  9 , 2 )  *SPH*PlRK(J ,2 ,7 ,2 ) )  

E = ( S L R K ( J , l , Q ,  11 +SPH*9AWK(J,2,9,  l ) )*(DAPLO+SPH*WPLD) 
E =  (?APLO*S?H*TOFLC-E/fDAV~L*SPK*DOVOLl l 
ESE*ILOG( ( 9 A Y K  ( J ,  l ,a ,  5 )  +SDH*SIYK (Y, 2 , Q , 2 )  ] / ( P I V K  ( J ,  1.9.1) 

FSEXP (-DTRETR* (DAFLO*S?H*DOFLO*3) /(D9VOL*SPW*DDV3L) ) 
G C  TO 2UO 

E=ZXP(-DTHETA* (LDENOI*SPH*SDE?lOY)/(I?ANK(J,l,9,2)+BANK(J, 1 , 9 , 1 )  

. SPP*IIAWK ( J  . 2 , a r  1 ) ) )  

2 3 5  COIITIRW€! 

. *S?H*(BNRK ( J , 2 , 9 , 2 )  + B & N K ( J . 2 , 9 , 1 ) )  ) )  
2UO CONTINOP 

T=TTN-(TII-BLNK (J , l ,7 ,  1 ) ) * e  
FLAK (J, 1 , 7 , 2 ) = T  
B A N K  ( J , 2 . 7 , 2 )  = T  

c 
C 
C SXNDEN CALCULLTES REACTITV PPODVCTS SOLrJTION B l N S X I F S  POR TrlE P R O G R A ' I .  
C THE QEACTIOR PRODUCTS ARE FICTORED INTD '?YE CONCSNTTLTIONS RS :ENEI(IT'ON 
C TPRIS USING CONUTA h"D GENVTO A S  THE INTOCTRTE3 WIGHTINR FACTORS 
C 

C 
C L LL R X NDE N (J, G Y N  %T a, $E ?l WTO) 

DO 2 5 0  K=1,2  
I I ( S R N K ( J , K , 9 , 1 )  .GT.O.'J) G O  ?@ 253 
R A N K  ( J .K.10 , l )  = B A S K  (J,K, 1 0 , 2 )  
D O  2 5 0  L = l , T  
EANK(J,K,L, l ) = R A I R ( J , K , L , Z )  

2 5 0  COYTINrJF 
C 
C 
C THE "0 3 0 0 '  L03P 7.5 FOR 1VALUATIN1 THE CCNTFOLL'RS 
C 

D'J 3 0 0  J= l ,NTOST 
I I ( ICNTSL(J)  . Y Q . O )  Gn T" '00 
DO 3 0 0  K=1,2 
I v ( I C N T F L ( J )  .NE.K.!ND.ITNTPL(J) .NP. 3 )  C3 T@ 3'70 
D O  2 9 5  i.1.n 
T P ( F E E D ( J , K , L , 3 )  .EQ.O.O) G O  TO 2 9 5  
P g S L I E = E E E D  ( J , K , L , 2 )  
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C 
C 
C F V 4 L U A T I N G  THE r O N T 9 C L L S P S .  
r J V  = Y O N I T O R T D  STAGS. 
r K Y  = ~ O N I T ~ R K I  wisp: ( N A Y  R F  P I T H E R  FOR T Y T :  F E F D  O R  T H E  B A N K ) .  
C Lfl = flONITDRED P A R I A B L F .  
C 

JR=ABS (FEFD ( J , K , L 8 3 ) )  
K U = l  
I F  ( F S F D ( J , K , L ,  4) .. E Q . 2 . O . O ? . F P F D ( J , K , L , U )  .?Q.U.o) 
L I = P E E D  (J,K,L, 5 )  
IY(FEED(J,K,L,3).IT.O.O) G O  TO 2'5 

K f l = 2  

C 
C 
C 3 - F C D E  CONTROLLING.  
C EONE = F P R D R  AT T I M E  T. 
C FTYO = ERROR 4 T  T I R F  T * D T H F T I .  
C 

C 
C 
C C 0 N T I ) O L L E D  B Y  b BANK V A u I A B L F .  
C 

IF (FFFD ( J ,  K,L, 4). GT. 2.51 GO TO 2 5 5  

EONP=BRNK ( J U , K  U.L?l, I) - V F D  (J. K ,  L,  6 )  
ZTUO=EfiNK (JR.Kfl.L P, 2 )  -P9FD (J,  K , L , 5 )  
G O  TO 260 

255  C O N T I N V F  
C 
C 
C CONTROLLED BY 4 F E E D  S T P E R Y  V A P I P B L E .  
C 

E O N Y = F E E D  ( J R , K N ,  L r ,  1 1  -PF:PD (J,I(,L,s) 
b T P O = F E E D  (JM, K f l ,  Lr. 2) -wEF3 ( J ,  K. L, 6)  

2 6 0  C O N T I I U F  
C 
C 
C T F E P I Y G  THE I Y T F G R I T T D  EPSrlP. 
C 

C 
F E E 3  ( J , K , L ,  14)  =FEED ( J , K , L ,  1 U J  +T)THpTP* (ET'rlD+FO*iE) /2.0 

C 
C ZOMPIJTING THW N Y W  VALfJF:  F39 THE C C N T n O L L E F  OIITP'IT. 
c 

F F E D  ( J , K , L ,  2 )  = F E C I :  ( J , K , L , 1 0 )  +FPPD ( J , K 8  L.71 * ("TWO . . /DTPETR)  
+ FPPD (J, K, L, 1 4 )  /FEED (J , P, L , * J  + F P P D  ( J , K ,  L, Q )  * (?TUC-SONE) 

C 
C 
C T R D O S I V G  IINTYON A N D  Y A X I Y U F  VALUES T 3  L I l I T  T H P  C O N T P 3 T L P P .  
r 

FFEn (J, K,L, 2 )  = A Y  I \ l l  (FPED (J ,  K, L , ? )  i) fPvD ( J , K ,  L ,  1 2 )  
F F E D  (J, K ,  L ,  2 )  = A Y  A X 1  ( p E 3 D  (J , K ,  L , 2 )  , fPuQ (J, K , L, 1 3 )  ) 
$0 T O  2 9 0  

2 7 5  CDNTINUE 
C 
C 

C 

C 
c 
C CONTROLLED B Y  A P I q K  V A S I A R L T .  

r oq/cpp CONTROLLING.  

I F ( F E E ! l ( J , X , L , U )  .GT.2 .5 )  ?O T O  2 4 0  

C 
c 
c 
C T P F S F  ' I F '  S T l ( T 3 R E N T S  D E T E F F T N E  I F  mYF TJDPZQ O F  L 0 1 E 9  SET P O I N T S  FOR 
C THE CDNTFOL!.PP Y A V E  E"PY FYCEPnED. 
C 

IF (R AN K ( J I ,  K '4, LM, 2 )  . ;T (. F EFD ( J  . K, L, 6 )  ) C3 'I 0 ? 5 
I F ( S A N K ( J Y , K ' f , L N , i )  .LT.'FSD [ J , K , L , ' ) )  GI T@ 29q 
GO TO 2 n l  

290 CONTINrlE 
c 
C 
C C O N T R O L L E 3  BY A FEED STYFAY V A R I A B L Y .  
C 

I F ( v E E D ( J Y , K Y , L f l , 2 )  . V . F F F D ( J , K , L 0 6 )  1 GD T O  2 R 5  
I P ( P E E D ( J Y , K Y , L M , 2 )  . L " . F X F D ( J , K , L , 7 ) )  GO TG 249 

29 3 COYTINrlF  
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C 
C 
C YEITYE" LTuyT V A S  EXCFEDED S O  T9E PROSPAM BUST DPTF'DflINE WHAT Tq7 
C DqFVT3US S P T T I Y G  WAS [ON 3R 3FF). 
C 

T F  ( 4  9 s  ( P D S 4  VZ-FEEC ( J ,  K, L ,  1 2 )  1 . GT. ABS (PDS AVY-FEzg ( J ,  K ,  L, 1 ?) ) ) . GO TO 2 8 8  
2 9 5  CONTINUF 

e 
C 
C SWITCHIYG TO THY 'ON '  VLL'JS. 
c 

PEED ( J ,  K, L, 2 )  = F E E C ( J , K , L ,  1 2 )  
G O  T O  2 9 0  

2 9 8  CONTINUE 
C 
C 
c S U I T C H T Y G  TO T H Z  'OFF' Y A L U F .  
C 

FEED ( J  , R , L ,  2) = F E E D  (J,  K ,  L ,  1 3 )  

FEED ( J , K , L ,  1)  =PDSAVP 
290 CONTINUE 

C 
C 
C I ! I ? Q S I N G  THF UgRn9 ON THE n U T G O I I l G  V4LUP WITH THY CDNDXTTON THAT N O  
t N F G i T I V n  V4LUPS A Y E  9 L L O W 9  (WITH T H E  ? X C P P T I @ I  OF TZXaPEFhTVDZ).  
C 

FEEL) (J.K.L. 2)  = F E E C ( J , K , L ,  2 )  * ( 1  . O + P F F D ( J , K ,  L ,  1 1 )  ' ( R A N F ( 0 . )  -. 5) 150.1 
I F  ( L . N u . 7 )  
IF(RES(FEPL)(J,K,L,2)).L?.l.O?-q) F P E ' 7 ( J 8 K , L , 2 ) = 3 . 0  

I F ( F E E I I  ( J , K , R ,  1 ) .  GT.0.0) G O  T O  300 
D O  2 0 0  L = 1 , 7  
PEEL) ( J ,K .L .  1) = F E E D  ( J , K , L , 2 )  

DO 3 5 0  J = l , N 3 0 S T  
q0 3 5 0  K = 1 , 2  
C O N V R G  ( J , K )  =9. 0 

FSPD [ J , K , L ,  2) = 9 1 A X 1  (3.0. F ? E D ( J , K , L 8 2 ) )  

2 9 5  CONTTNUE 

3 0 0  CONTTNUF 

C 
C 
C CHECKING T P E  CONVERSENCT O F  TAF FEZD STREAMS. 
C 

I F ( I C Y T R L ( J )  . N E . K . A N ~ . I ~ N T P L ( J ) . N E . ~ )  GO r o  3 1 0  

I P ( F E E ~ ( J , R , L , Z )  .GT.I.OE-~) C O N V R S ( J , K ) = ~ E E X I  ( C D N V R G ( J , K ) ,  
DO 305  L = 1 , 9  

. l O O . * A B S ( F E E 9  ( J , K . L , 2 ) - F e E D ( J , K , L ,  1)  )/(3':H~TA*FEED(J,K,Lr21)) 
3 0 5  CONTINUE 
3 1  0 CONTfNrJF 

C 
C 
C CHECKING T V E  COVVERSENCE OF T P E  BP'IK. 
C 

I F ( B A N K ( J , K , q , . Z J  .LE.l.oY-s) G O  T O  3 2 ' l  
D3 3 1 5  L=l,9 
IF ( S A N K ( J , K , L , Z ) .  GT. 1.0:-6) C'ONVI'; ( J , K )  = I ' l P . X l  ( C J N V ? G ( J , K )  , . 1 0 0 .  *99S ( R A V K  (J,K, L ,  23 - P 4 N  R ( J , X ,  L, 1) 1 / ( 3 T E E T A * E k N  R (J.K. L. 2 )  ) I 

3 1 5  CrLNTINUE 
3 2 0  CDNTTNUF 

C 
c 
C I H C F F I P N T I Y G  TI*? T Y  ?'H! 8 4 h ' C .  
C 

D 3  3 2 5  L=1,13 
8 4 N K  ( J , K , L ,  1) =F4'lt( ( J 8 Y . , L g 2 )  

3 2 5  C Q N T I N r l F  
3 5 0  CONTINUE 

PF:"lPN 
P N D  
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SWBQOUTINE UCORDIJ 
C c 
c 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

SOASOUTTNE OCORPU C \ I C U L n T E S  DTSTPTBUTYON C D T F F I C I E N T S  FOX THE PrJ8EX 
P R O C P S S .  THF P QIlEOWS COYCFYTRATTONS APE FIPST C3RVEX?EV TD MOLllR 
rJNITS. TH" NOLA9 C U A N T I T I v S  APP C3NVPRTPD T O  YOLLL U N I T S .  TYC 
IOLAL Q U A N T I T I F S  ARP PUT INTO Ttlp C O P ' F L A T I O N S  T 7  GET A rlOL\L 
~ I S T R T B U T I O N  C O E F F I C I E N T  A N D  n P G A Y T C  CONCENTPATIOA. THY O R G A U I C  
IOLAL CONCFN"PATf0N IS CONVPPTFD TO YOLAR 'JNTTS. THE F I N A L  
DIS'IRIBWTION CnEPFICXENT IS THFW THF ' "AT13 OF TH2 OPGANJC PIOLAq 
CONCPYTQATIOY T O  THE AQUFOUS NGLRP CONCEVTnATION. 

COMYON/DIST'3/ XTRY ( 7 )  .DTDY ( 6 )  ,TPMP 
COY*OY/SUITCH/ NTOST, WSOLU ,CTBP, SPH, NE WI V.Y*WD'JT, I V O 1 , I  PPO, "ElPI, 

9TiVNSICiW X Y O L A R ( 6 )  ,XIOLAL (6) ,Y'IOLAL (6)  
DO S I = 1 , 6  
TYOL A R (I) = 4 Y  % X  1 (0.0, YT9 v ( T )  ) 

X R O C A R ( 2 ) = T ~ I L A B ( ; ) / 2 3 8 .  
XYOLAF(3)  =TYOLAP(:) / 2 3 a .  

C O N V A = l . O / l N ~ X l ( O . l ,  l .O-0 .0309*XNDLAR( 1) -3.072U*XllOLAR ( 2 )  

. DTHETA, I S D L  ( 1 0 )  ,CONVPG ( l o o , ? ) ,  I m X N ,  I P u O C S ,  ICYTRL (100)  

5 C O N T T Y U E  

XMOLIR ( u ) = x R ~ L ~ R ( u )  1239. 

DO 1 0  1-1.6 
X M O L ~ L ( I )  = T q o L n B ( T )  *coyvn 

- 0 . 1 3 * T I Q L A R ( 3 )  - 0 . 0 3 1 * X 3 O L 4 2  (6) 1 

10 CONTINUE 
T N M = X H O I I L ( l )  +2.*XYOLbL (2) *2.*XYOLAL(3)  +I(.*XYOL4L ( U )  + X I O L A L ( 6 )  
IF (TNR.LT. 1.I)T-10) T Y Y =  1.OF-10 
DRT- 1 0 0 0 . / ( T Y F P + 2 7 3 . 1 6 ) - 3 .  35'9 
UK=( 3. ?*TNY** 1 . 5 7 + 1 .  U*TNP**3. Ot?. 0 1 l *TNf l**~ .  3)  

PlJK=UX* (0. ?0+O. 5 5 * C T 9 0 * *  1.25+0.007U*TNN**2) 
Q Y l =  ( 0 . 1 3 S * T l l * * * O . R 2 + 0 . 0 0 5 2 + ' " N ~ * * ' .  U U )  * (l.O-O.SU*ZXD (-15 .O*C?3P))  
PK l = Y K  l*YXD (3.3U* EFT) 
I JK=UY*YXP (2 .5*DRT)  
?UK=PUR*E?P ( - 0 . 2 * l Y T )  
H K 2 = H K 1  
a = 2 .  * ( r J K * X f l 3 L A L  1 2 )  + D  l K * X P O L A L  ( 2 )  +4KZ*X NOLbL ( 1 )  ) 
R = l .  Q+YKl*X%lLAL (1) 
C=-3 .65lUS*CTBD 
TF=-C/f !  
TP ( A  .GE. 1 .?-6) 
D T R Y  ( 1 )  ~HYl*TF+HKZ*"F**2 
C T V  ( 2 )  =UF*TP**2 

. *(U.O*CT9p**(-0.17)-3.0) 

T F =  ( - 5 + S Q P T  (Q**2-I(. * A*C) ) / ( 2 -  *A) 

T H I S  I S  T H E  C?O?ECTICN SrTGGFSTF'l B Y  O . T . J U 9 I F r  

C T R Y  ( 3 )  =PUK*'?F**2 . / ( 1  -0-0. U3 2 2 3 + O .  r) 1 3  1 1 9 * T n w P t 0 .  7 U 358*Xt!nLA!, [ 2) 
-0. 17582Q*X'!OIAL(l )  *K*OLAL ( 2 ) )  

DTQT (4) = O .  9 
DTRY ( 5 )  =0.0 
DTRY (6)  -0 .0  
00 2 0  T = l , 6  
m o L a L  ( I ) = Y V O L A L  (I) * ~ P Y  (I) 

2 0  C O N T I N U E  
WD= (U.2-0.015*TEIF) * ( r T P P * *  1. €9) * ( 3 . 6 5 1 U 5 + C T A ? - 2 . 0 * Y r O L ~ L  ( 2 )  

CONVO=1.0+0.0Q7*~7OLPL(2) +O. 13q*YY?LAL ( 3 )  + n , O U 3 * Y I O L A L ( l )  +.O 174*W3 
CO 3 0  I = l , 5  
DTFY ( I )  = D T R Y  (I) *CCNV%/C3NV3 
I F  ( X N O L A Q ( T )  .N9.0.0) 

3 0  CONTINUE 
FFTrJRN 
E N D  

-2.O*Y rl3LS L (3) -0.6*Y?'DL DL ( 1 )  ) / (3 .6 5 145* CT?") 

D T D Y  f I ) = Y l ? L l L  ( T )  / ( Y ' G t A R ( T )  *COMV7) 



r 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
C 

SUfl90UTINE UCO RTH 

UCOR RETURNS \ VALUE Or THE DISTPISDTION COEFFICICUTS- DTRY(1) 
Z - TOTAL IONIC STRPNCTH 
T E f l P  - TEflPERATORE I N  DECREES CPITIGRIOE 
XTRT - AQUEOUS PHASE C O ~ Q O S I T I O P  
RW, KTH.KH - VASS ACTION ! ? Q U I L I P D I U P  CONSTANTS=A*3*’7*C*Z*Z+D*Z*Z*Z 
FOR K O ( I )  - A,B,C,D I R E  C O E F ( 1 . I ) .  CoEF(2 .1 ) .  C O E P ( 3 , I ) ,  A N D  COEP(U.1) 
PO9 K T H ( I )  - A,B,C,O &RE C O E F ( 5 , I ) .  COEF(6.11, COTP(7 ,1 ) ,  RNO C 3 E P ( R , I )  
F O R  K K ( I )  - R , B , r , O  ARE C O ” F ( Q , I ) ,  C 3 E F ( l O , I I ,  C O P F ( l l , I ) ,  A N D  C ? E F [ l 2 , 1 )  

PrJ9 I= l  U KCUQACT 
I = 2  TH KCORICY 
I=3 H ACCrlPACY 

C3FlYON/DISTSB/ XTEY ( 7 )  ,DTRT(6)  ,TEYP 
CORflON/SWITCH/ YTCST, NS3LU,CTEP,SuR,NEUIY, NEWOUT, IVOL,TPRO,TElPI ,  

DIRENSICN K7OLAR(C),TYOLAL(fi) ,TYOL1L(6)  
REAL*U COEF(12.3)  ,KU(3) , K H ( ’ )  ,KTH(3),A ( Q ) , T B P ( 3 )  
OAT& C3EP/5.1676U,12.73RS,-k. 1 0 9 3 9 , O .  5 2 5 6 6 q ,  

- DTRPTI,ISOL ( 1  0) ,CONVPC ( 1 0 @ , 2 ) ,  IPXN, IPS@CE,  ICNTRL (100) 

o . a ~ ~ ~ i ~ . - o . ~ 5 ~ ~ u ~ , o . o 6 2 a u ~ 5 , o . o ~ i u ~ ~ ~ ~ ~  
0. QR.09’5, -0 .222Uf i3 .0 .0320694, -0 .@00857949,  
U.qfl513,13.7875,-7.0217fl,.qq~5R~, 
1 . 5 2 8 2 1  , - .527579,.0324897,.0Ou16738, 
. 5 3 8 6 0 1 , - . 2 ~ 7 9 5 6 , . 0 ~ 0 4 3 R 4 . - . 0 0 1 1 R l U ~ ,  
2.55963,-7.66961,2.03295.1.5P9~fl, 
1 .31060  ,-O.U7S l q 4  ,O .037057 1 , O .  0051’1316, 
0 . 3 9 8 1  O C , - O . l 5 P ~ 1 5 , 0 .  ?312?6U,-O. 0 0 1 6 4 3 6 6 /  

DO 5 I = 1 , 6  
XBOLAR ( I )  =XTuY ( I )  

XIOL AR ( 2 )  rXNOLAR ( 2 )  /23R. 
X f l O t A R  (3) = X f l O L a R  ( ? )  / 2 3 2 .  
n0 1 0  I=1,6 
X’IOLAL ( I )  =XqOLA9 ( I )  

5 CONTINUE 

10  CONTINUE 
Z=AqINl  (XIOLAL ( 1 )  +3.O*X9OLAL(2) +lO.O*XHOLRL (3) ,IO. 0) 
TYA=XIOLAL(l) *2.O*XIOLAL(2) *lI.O*l;YOLRL (3)  

C CLLCULLTE NASS RCTION EQUILIBPTVN C3XST4NTS 
C 

DO 3 0  I = 1 , 3  
KU ( I )  =COEP ( 1 ,  I )  *CCP? ( 2 ,  I) * Z + S P  F F  (3 ,  I )  * Z**? *COY? (4. I1 *2** 3 
K ’ J ( I ) = A r A K l ~ O . O , K U ( I ) )  
KTH(7) =C3??(5 .T)  +CORF(6,1)  *Z*CS1F(+,I) +Z**Z*CO?F(9,1)*2**3 
K H  (I)=COEF ( ~ , z ) + c C ~ F [ l O , I )  *Z*CDDP( l l  , I )  * 2 * * 2 t C D V (  1 2 , I )  *n**3 

C 
C 
C SOLVE C r J B I C  FQUATION POP Tf lP  
C 

A (1 )=-3 .65145*CTBP 
4 ( 2 )  = l . O + K H ( T ) * X ~ C L h L ( l ) * T N ~  
A ( ) )  = Z . O * K U ( I )  *XflOLlL(Z) *TNM**2 
A ( U ) = 3 . o * K T H ( z ) * X l O L s L ( 3 )  *TYI**U 
T=Afl INl  ( -A( l ) , -N ( 1 ) / 1 ( 2 ) )  
I F  (T.LT.0.) Y = - R  (1) 
DO 2 0  J = 1 , 2 0  
CZA(2)  +2 .0*1(3 )*Yt3 .0*A (O)*Y**2 
D = 1 ( 1 ) + 1 ( 2 )  *Y*A(3)*T**24A(U)*Y**? 
DELTY=D/C 
Y =Y- DELTY 
IP(ARS(DELTT).LT- l . r - S . A N ~ . 4 B S ( D ) . L T . 1 . ” - 5 )  G3 TO 2 5  

2 0  CONTIWU!? 
2 5  CONTINUP 

T B P ( 1 )  = T  
3 0  CONTINUE 

DTRY ( 1 )  =K!i (3) *TNN*TBP( 3) 
OTRY ( 2 ) = K 3  ( l )*TN3**2*TBP(l)**Z 
VTPY ( 3 )  zKTH(2) *TYFI**O*TqP(2)**3 
DTRT ( 4 )  = O .  
OTRY (5)  E O .  
DTPY (6) 10. 

C 
C 
C TENPEPATUFE ADJOSTYPNI 
C 

CRT= 1 . / (273 .*TEnP) -1 . /298 .  
OTRY (1)=9TRY(l)*EX?[-8lq.902*D3T) 

DTRY (39 = D T P Y  ( 2 )  *EX!( ( s ~ l . ~ f i U * ~ 7 ~ . ~ 4 Q * X ~ O L ~ L ( ~ )  

PETURN 
PND 

DTRY ( 2 )  = D T Q T  ( 2 )  * E X P  (2500.*O”T)  

. - 1 U 7 U .  3a*XNCL4L ( .?)**2) *D?T) 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

lXNUEN H4NDLFS FPACTIOYS 4 V D  DFNSITY CALCULITIONS I N  TIIF SYSTFH. P”ESEATLY, 
IYST4YTAN?OUS Q F D U C T I O Y  OF DLUTONIUY, ‘FnUTPION nY U(1V) , 4YD PPWJCTIOIU 
B Y  YYDQOTY LLf lTV’  & q ?  LVLTL4BLP 4 S  “FXCTIONS. TllF SOSPOUTIN” CAY EASLLY 
BF ACAUTED TO C3NSIDER A N Y  IYTVGFATEC “ATE EQIJATIOY, Y X I H  A N Y  DESIRED 
S T O T C H I O R E T R Y .  
TH” SUBROWTINE ASSl l lES T H Y  P”ACTIOY TS TOTALLY IY THT hQlIvO?S PVASE, R‘IT 
THAT THE P W ( I V )  I N  TI .5  O S G R N T C  PHASP ALSO A I D S  I N  Y4INTAIYIYC TffE 
kQDF3US CONCENTRATION. THF INTpGR4TED PATE FQUitTYoN DETPPKIINFS THE 
EXTFBT O F  REACTION. THIS  PXTFNT IS COYVFRTPD INTO A CJNS-ANT REACTION 
SATE FOR PH’E. TIIE I Y C ? F Y ~ S ? ’ .  THE OFACTION r(4TF IS THE GEHER4TION TERM I N  THP 
Y A S S  BALAYCE, SO I T  I S  WWTCHTFD (ACCqPnIYC l’O G”NWT4 A N D  GENUTO) A Y D  

14XN I N D I P I T E S  WHICH RFRrTTOV R&TE ‘ IS T 3  BE ‘JSPD. 
SOLlMT I5 THF TOTAL AtlnVNT OP S 0 L U ” E  TN THY AQWEOVS 
Q T  I S  THE IlQll501JS CORPOSITION USFD T3 DETERYINf TH? RFACTION RATE 
RXYLIIT I S  TH? AIOUYT O F  Q Y 4 C T E D  S O L U T E  U S I N G  S O l F  COMP0Nt”T RS R 81.51s 
5K I S  L REIICTT3N RATE CONSTAVT 
EXTENT = THE ETTENT OF eFACTrOY, B4SF? ON THE T7ACTTON OF 

A D D E D  r O  T H E  CONCENTRATIONS.  

SOY? COIPQY’NT COYSUYYD 9Y THE P’ACTION. 

C O I Y O N / V A P S /  BANK[100 ,2 , ln ,2 )  ,FEE7(100 ,2 .R ,  141 
COl*ON /SU ITrlI/ WTI)JT, N SOL11 .CTEP, SDH , Y F Y l Y  , N?YOU”, I V  01, I D99,TE lPI, 

DIHFNSION R T ( 6 )  ,SCLAYT(6) ,C?NART(2.6) 
RERL STOIC(6,3J/0.0,0.0,-1 .0, 1.7.-1 .O,O.O, 

. DTHET4.ISOL ( 1 0 )  .CONVPG ( l n O , 7 )  ,TPXN,IPPOCE, ICNTPL (100)  

2.0,0.5,-1.0,1.0,-0.~,0.0, 
2.0.0.0,-1.0.1.0,-1.0,-1.~/ 

10  

2 0  
30 
9 0  
T O  
60 

70 

. .  
DUtlFVN ( A ) = 0 . 5 *  ( A + & )  
I P  (IPROCE.WE. 0. OF .IRXY.~Q. 0 . 0 ~ .  SFNWTA. EQ.~. O )  G? TO 1 2 0  
DO 10  L1.1.6 
R X ( L ) = B h N R ( J , l , L , 2 )  
SOLANT(L)=BLNK [J, l , L , 2 ) * R A N K ( J , l , 9 , 2 )  
COYTINUT: 
IP(~X(~).L~.O..~~.~~(~).~P.O. .O~.~IYK(J,I,?,~) . L E * ~ . F ~ )  GO 7 3  120 
SOLA flT (3) =SOLA I T  ( 3) + 9 4 Y K  ( 1 , 2 . 3 , 2 )  *9R N K  [J. 2 , 7 , 2 )  
LQVOL=BRNK(J,1.9,2) 
PUOOL=SOL\fiT(3) p ’ x ( 3 )  

F X  ( 3 )  = R X  (3) / 2 3 9 .  
R X  (Ul = R X  (U) / 2 3 9 .  
SOLAYT (2)  =SOLA YT ( 2 )  / 2 3 9 .  
SOL43T(3)  - 7 3 1 A Y T ( ? )  / 2 3 9 .  
SOLAYT (4) ‘SOLAPIT (4) /239. 
G O  TO (90,80,70.60,50,U0.?0,2@1,IQ~~ 
CONTINWF 
COYT I tt W e  
CO NT I N II F 
CO YT I N U E 
CONT I N  OF 
G O  TO 90 
CO NT I N 0 E 

RX(2)=PX(2)/’3A.  

I R X N  = 3 PEACTTON BETHEFR P U ( 1 V )  4NJ SY@RO?YLNHTNE 
P O P  = Q l l ’ f I O  OF ? r l ( I V )  T n  *EDWT4TIT 
9K = PATP COQST4N1 
EXTWAX = YAXIIIIJII EXTENT DF F E A C T I B U  (PASZD 3 N  O’J ( I V ) )  
EXTINC INCREIIBNT I N  SFAQCP FOQ EITFNT 
R l T I l T  i T H Y  INT*GP4TPO C H h N G P  I N  *XTENT ( F Q U A S  TO RK) 

I F ( ~ Y ( 1 ) . L T . l . O ~ - l O . ~ R . F ~ [ 3 ) . L T . I . O ~ - l O . ~ F . F ~ ( 5 ) . L T . l . D E - l 0 )  

POR=SOLiiYT ( 3 )  /SOLAY? ( 5 )  
TOTNTT=PT(l)tZ.*sX(2)+U.*?T(3) + 3 . * O X ( 4 )  t S X ( 5 )  +1) .33  
RY=. 029*YXo (~1000./1.08~* [ 1. 0 /307 .16-1  .0/(273.16+LlAYK ( J , 1 , 7 , 2 )  1 ) )  
R K = A K * D X ( ? )  *DTHETA* ( Q X  ( 5 ) / ( F X  (1) *FT ( 1 )  *TOTWIT) 1 **2.0 
FXTNAX=ANTNl [ 1 . 0 ,  1.OflOQ) 

GO TO 90 

THIS IS A 9 I ? I A R ?  StAIiCH FDP THP rOFOFCT EYTENT Op XEbC?’SOY 

FXTINC=0.25*tXTmAR 
F XTE NT = 0 - c* ETT 8 A X  
P=SOLAHT (3)  / A Q V O L  

4 R = A * A  
9 E = A I ’ B  

n=w (u) + B  



1 1 2  

CC=P*B 
DO '8 I = l . l O  
4 =  1.0/ ( 1 .'7-'?XTENT) 
f F ( P O R . G T . n . 0 1 )  G O  TO 7 2  

C 
C 
C 
c 

7 2  

C 
C 
C 
C 

C 
C 
C 
C 

7u 

7 6  

7 8  

90 
C 
C 

TYTS IYTESRATED FCRM ASSUMPS A LARGP EXCESS 

AYTI NT=AA* 4*EYTEYT-2.0*93* ALOG (A) +CC*EXTPNT 
G O  T O  76 
CO NT I N TJ E 
IF'(4BS(l.O-*OR) . L ' I . O . O 5 ]  GO TO 74 

OF THE REDUCTANT 

T H I S  INTEGPATED RATE EQU4TIOY I S  THY GEI?RAL C 4 S E  

FDR=DU!'IFUN ( F O R )  
Q =  1. 0-FOR*EXTENT 
C= 1. O/ ( 1  -0-FOR) 
AYTINT= ( " O u - b * E Y T E N T - F O Q / 9 + 2 . 0 * C * F ~ ~ * ~ L O C  [A*3) ) *4A*C*C 
4VTTNT=AYTINT- 2.O*BR*C* (FOF*EYTPYT/S-C*ALrG ( A * B ) )  -CC*ETTPNT/S 
\ N T I N T = - h V T T K  
GO TO 76 

T H I S  INTETRATED P C 9 1  A S S O * Y S  A ST3ICHIC ' l ?T 'P IC  PiYOUNT OF REDUCTAYT 

C3NTINUE 
4VTINT=AA* (A*A*A-l. 0 )  /3.0-BB* (&*A-1.0)  +CZ* (A-? .  0) 
CONTINWF 
IF(LMTINT.GT.RK) EXTENT=FXTEYT-PXTTNC 
I F  (4  PITTNT. LT.F K )  EXTENT=FXTFYT+EXTINC 
FTTINC=EXTIYC/Z.  0 
CONTINUE 
RXShflT=EXTEYT*SOLAVT ( 3 )  
GO T 3  100 
C O V T I l U E  

C T P Y N  = 2 P E A C T i O N  BETWSFN Pn (IV) 4ND 0 (IV) 
C SK = PATP COYSTANT 

C F I T P A X  = E 4 X T M U X  EXTEYT BASPD 3 V  DIJ (IV) : h D  A TEY SECOUD qA7.P T I Y E  
C 

C YCU = phrro ?F D U  (IV) TO P P q v c - L v T  

IF t D X  ( 3 ) .  LT. 1. OF- 10.09 . q X  (5) . LT. ?. Qr- 10)  
F X T I A X - A Y I Y ~  ( 1  . O ,  1.0-0.5** (DTHETA/lO.) , 2 . 0 * 5 n L 4 Y T ( 5 )  / S O L A W ( ? )  ) 
QK=170.0/60.3 
PK=P K* DTHPT 4*R X (5) 
R C U = S O L A Y T ( 3 ) / ( 2 . O * S 3 ~ A Y T  ( 5 ) )  
FHO=?X ( 1 )  *9T ( 1 )  
FFXD=1. OFUO 
IF (9K*(1 .0-9CU) .L'I.lOO.n*RYO) R S X P = E X ? ( R K *  (1 .0-SCU)/RHO) 
EXTFNT=PR/ ( R Y + I I H O )  
I F  (ABS ( 1  .O-'VU) . G ' I .  0 . 0 5 )  
EXTC NT= A 11 H 1 (FXT E Y T ,  PRT* R X )  
QXNAMT=S3LAYm ( 3 )  *EX"ENT 
$ 0  TO 101) 

GD T 3  70 

PXTp\IT= ( 1 - 0 - P E X P )  / (RCrJ-99XP) 

40 CONTINUE? 
C 
C 
C I P Y N  = 1 INSTATANE3US RED3C'PION OF DU ( I V I  
C 
C 
C 
C 
C 

130  

1 0  5 

- .  
T H I S  'lECBA!4ISM I S  USPD BY ALL PPD'JCTIOE: RPACTIDYS V3EN T Y E  
CONCENTF4TIOYS FALL SPLOK A THFYSYHOLD LSVFL 
INSTANTANEOUS REDCCTION Y3RKS YOFE 7 3  J I J S T  ?LI?I INATE T'lS P O  (7'4) 
AND PEDUCT4NT CONCENTFATI3NS T H 4 N  TD CALCULATS 4 GENERATIDY TPRN. 

TF(GENWT3.GT. 1 .F-€) 
R X N R ! l ' I = A Y I Y l  ( - R X ( ? I / S * 3 I C ( Y , I p X Y )  ,-PS(S)/ST@~C(S,rPXNI 1 
3XN4YT=FXNA1T* DTHHOTA/GCYWTA 
CONT IN rJ ? 
DO 1 0 5  L=1,6 
GENAHT ( 1 , L )  =uYNA!l'f*STDIC ( L , I D X N )  / O T H ? T A  
GFNRYT ( 2 , L ) = 0 .  3 
CONT INUE 
G F N A l T ( 1 , Z )  = G E N A Y T ( 1 , 2 ) * 2 3 8 .  
G Y Y A V T  (1.3) :GENllNT ( 1 , 3 )  * 2 3 ? .  
';EY9YT [ l , U )  = ? F N R N T ( l , U )  * 2 3 O .  

R X ( 3 )  = R X ( ) )  * B R N K ( J , 2 , ? , 2 )  * ~ ~ N W T A / ( ~ E N W T O * 2 3 9 . )  



113 

C 
c 
C P U ( 1 V )  CENFAATION IS S P L I T  BETWEEN TVP PHASfS 
c 

9=GFNWTI*BANK (J,  2 , 3 , 2 )  tCSNYT3*94NY (J, 1.3.2) 
I F  ( A .  NE. 0.0) GENAYT ( 2 , 3 )  =GEN4nT ( 1 . 3 )  *CEIUTC*94! lK(J ,  2 , 3 , 2 )  / A  
G E N I 3 T  ( 1 , 3 ) = ~ E N A l T ( l , ? ) - G F N A * T ( 2 . 1 )  

f 
C 
C THE YYIGHTED ?EYERATION T S  A D D E D  T O  THE CONCENTPATIDNS, THERTBY CDRPLETIYG 
C TRE MASS BiLANCE PCR TME T?ME TNCRE5lPNT.  
C 

DO 1 1 s  L = 1 , 6  
D A *K (J, 1, L, 2)  = B A N  K ( J  , 1 , L , 2 ) 4 G p N P ilT ( 1 ,  L 1 * GP P U T  A 
B a N K  (J ,  2.L.2) =BRWK(J ,2 ,  L. 2 )  * C F V h ? T  ( 2 , L )  *CPNUTO 

r 
c 
C THESE CDNDITTONALS ARE JUST CLERNING U P  I N S I 7 N T P I C . 4 N T  CONCENTRhTIJNS L Y D  
C R E A C T I D I S  TSNT H A V E  '-,;ONE TO C D E P L E T I O N .  
1: 

IP ( r j A N K ( J ,  l . L , 2 )  .LE. 1.r) 'C-10) 
I F  ( B L N K ( J . 2 , 5 , 2 ) .  I E . 1 .  02-IO) 
If (1 - E U * F ? 4 W K ( J , 1 , L , Z )  - LT.-GENlNT (I,!,) * G ? N R T P . )  
I f ( 1 .  EU*BARK(J,2, L,2) .LT.-GFVA?!T(Z.L) 'GF IWTO)  
I F ( B k N K ( J , l , L , 2 )  . H P . 7 . 0 . o I i . P A N K ( J , 2 , L , 2 ) . ! I E . 3 . 0 )  ISOL(L)=l 
I F  ( I S O L ( L )  - 3 2 -  1.AND.NSOLU.LT.L) NS3LIJ=L 

9AXK(J ,  l , t ,  2) ~ 0 . 0  
P A Y K ( J . 2 ,  L,2)  ~ 0 . 0  

3 4 N K ( J ,  l , L , 2 )  z9.0 
BhNK(J.2,L.Z)  =0.0 

1 1 5  C O N T I N ' I E  
120 CORTINTE 

C 
C 
C C A L C U L R T I Y G  DFWSTTIIIS. 
C 

? = B P  N K  (J .  1 , 7 , 2 )  
IF(IPROCE.EQ.1) C C  T 3  130 
94 NK (J I 1 , 1 0 , 2 )  5 ( 9 . 0 9 2  2 4  7- 0.000 3 9 OS* (T- 40 .  ) - 0. r) 000 0 3 75;  (T-U 0. ) ** 2) 

* ( 1  -0 -  0.73 9 Q * E A ! l K  ( J .  1 , 1 , 2 )  -0 .  ?72U* BAN!: ( J ,  1.2.2)  /23R.  -0.1 ? 
*(BANK ( J ,  1 , 3 , 2 )  + 9 ? Y T  (J, l , U ,  2 ) )  / 2?9 . -0 .0?1*38NA ( J ,  l , h , 2 ) )  
4 0 . 0 6 3 0 1 * P  A N K  (,I, 1, 1 , 2 )  + O .  39UOU*qANK (J,  1 , 2 , 2 )  / 2 3 q .  40. Ua20 2 

- . . . * ( 5 A N K ( J , l .  3,2) +SANK (J,  l,U,2))/239.+0.213*3ANK(J, 1 , 6 , 2 )  
~ = 3 . 6 5 1 U S * C T a P  
H S = P *  ( 1  .-0. 0'760S* ( ? . 9 5 - 9 . 0 1  uU*T) * ( ?TBP**1 .65)  1 / ( l . O * O .  nU?*F) 
US=238 .*P / (2 .*  (1 .40 .0U6*" ) )  
P S = 2  39 .*P/ (2.; ( 1. t o .  ' l Q * F )  ) 
? = (  (3.95-0.01UU*T)*CTB?**l.65) * (1.-0.65+B8 NK(J ,? I ,  1 , 2 )  /HS 

P t Y P  (J, 2 , 1 0 , 2 )  
- B A N R ( J , 2 , 2 . 2 ) / n S - 9 A ~ ~  ( J , 2 , 7 , 2 ) / P S )  

(3 .762 '  ( 1 .-CT90) * ( ( 3  96. -?) /?  66 - )  **0. 2"+0 .  O O Q O  . *(1,-'.~E-U*",2.a"-6*T**2) *C?39)*(1.-0.04?*?P.XK(J,2,1,2) 

. t O . O 6 ? 0 1 * Q A N K I J , 2 , 1 , 2 ) ' 3 .  3 q 4 O U * S A U K ( J , 2 , 2 , 2 ) / 2 3 9 . c O . U 9 2 ~ 2  . * ( 3 A V K ( J , 2 , 3 , 2 )  + B A N Y  ( J ,2 .U ,2 ) ) /23a .  

-0 .09 '*BANK(J ,2 .2 ,2 )  /239.-0.1?9*2ANK(J,2,?,2) /23?,-0.31 'U*N) 

GO TO 1 5 3  

9 A N P  (J, 1 , 1 0 , 2 )  = 1 .  C3UR6-d . 3 0 1 2  1 9 6 * ? + 6  . D Q " 3 - 6 * ? * ?  
1 3 0  C3NTINUF: 

. t 0 . 3 9 2 9 1 * 9 A Y K ( J , 1 , 3 , 2 ) / 2 3 2 . , 0 . 0 2 " 3 2 2 * ~ ~ . ' r ~ ( J , l , l , 2 )  . +O. 3 19*9AY K (J , 1 , 2 , 2 )  / 2 3  9. 

t o .  3 7 0 7 9 6 * 3 L H R ( J , 2 , 3 , 2 )  / 2 3 2 . + 4 . 0 2 8 3 2 7 * 5 A X F  (J ,  2 , 1 , 2 )  
P P N K  ( J , 2 , 1 0 , 2 )  =0. E ~ 9 4 U - D . O 0 1 1 ' U 7 * ~ t : . 5 1 ~ - ~ * T * ~  . . * 0 . 3 1 ~ * 9 ~ S K ( J , 2 , 2 , 2 ) / 2 3 8 .  

1 5 0  CONTINUF 
3 0 0  R E T U R N  

E N D  
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