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MODIFICATIONS OF THE SEPHlS COMPUTER CODE FOR CALCULATING 

THE PUREX SOLVENT EXTRACTION SYSTEM 

S .  B. Watson and R .  H, Rainey 

ABSTRACT 

The SEPHIS computer program was developed to simulate 
the countercurrent solvent extraction. This report gives 
modifications in the program which result in improved fit 
to experimental data, a decrease in computer storage re- 
quirements, and a decrease in execution time. Methods for 
applying the computer program to practical solvent extrac- 
tion problems are explained. 

I. INTRODUCTION 

SEPHIS, a computer program for - Solvent - Extraction -- Processes Having - 

- Interacting - Solutes, was developed by W. S, Groenier’ for the  purpose 

of studying the application o f  a 15% TBP solvent extraction system f o r  

recovering irradiated LMFBR fuel. Due to the success of the program in 

helping to establish optimum flowsheet conditions by simulation of  the 

extract ion process, the program has been widely used. In particular, 

G. L. Richardson o f  HEDL adapted the SEPHIS program to the conventional 

Purex process and also has made valuable changes in program structure. 
2 9 3  

The Richardson version of SEPHIS has undergone additional modifications 

at OIRWL, The purposes of this report are t o  descr ibe  additional program 

modifications, to give instructions f o r  use o f  the progmm, and to indi- 

cate some of  its various applications. 

A modification of the SEPHIS program is being made f o r  the simula- 

tion o f  the Acid Thorex flowsheet.4 
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The changes in the Purex solvent extraction version of SEPHIS would 

not have been possible without the generous assistance of G. L. Richardson, 

who provided a copy of his computer program, and of W. S. Gi-oenier, who 

gave valuable guidance in the operation of the program. 

funded by the HTGR program. 

This work is 



11. NOTATION AND TERMINOLOGY 

The symbols used in Section 111 are defined as follows: 

U - molar uranium concentration, 

Pu - molar plutonium concentration, 
pl 

H - molar acid concentration, 
S - molar unextractable salt nitrate concentration, 

u - molal uranium concentration, 
pu - molal plutonium concentration, 
h - molal acid concentration, 
s - molal salt nitrate concentration, 

M - total molarity of  the solution, 

m - total molality of  the solution, 

W - molar water concentration in the TBP phase - E q ,  ( 3 ) ,  

w - molal water concentration in t h e  TBP phase - Eq. (4), 
F - volume fraction o f  TBP in dry, solute-free solvent, 

T - molarity of TBP in dry, solute-free solvent, 

t - temperature, O C ,  

K - pseudo-mass equilibrium constant - Eqs. (8)-(111, 

n - total nitrate salting strength in the aqueous phase (molal) - 
E q .  (151, 

r - reductant concentration (molal], 
uO D - distribution coefficient, ( i . e . ,  DU = r) , 
a 

Subscripts: 

a - aqueous phase, 
o - organic phase, 
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GS - s o l u t e  molar i ty  i n  solute- s a t u r a t e d  so lvent ,  

u - uranium, 

pu - plutonium, 

h l  - ac id  associated w i t h  1 molecule of ‘TBP, 

h2 -. ac id  a s soc ia t ed  with 2 molecules o f  TRP, 



The d e t a i l s  
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111. P K Q G W  MODIFICATIONS 

f t h e  o r i g i n a l  SEPHIS program ar 

t h e r e f o r e ,  they  w i l l  no t  be repea ted  i n  t h i s  r e p o r t .  

m i l a b l e  i n  Ref. 1; 

A t  t h e  time o f  t h e  

p repa ra t ion  of  t h i s  r e p o r t ,  t h e  modif icat ions by Rictia.rdson2 have not  

been publ ished.  This  program s t a r t e d  with t h e  Richardson vers ion  of t h e  

program; consequently,  po r t ions  of h i s  program are descr ibed  i n  t h i s  

r e p o r t  f o r  completeness.  me changes have been both i n  t h e  program 

s t r u c t u r e  and i n  t h e  mathematical modeling o f  t h e  system. 

modified program l i s t i n g  is given i n  Appendix A.  

The complete 

Programming changes 

The fol lowing programming changes are p resen t  i n  t h e  c u r r e n t  vers ion  

of SEPHIS : 

1. Many of t h e  v a r i a b l e  names have been a l t e r e d  t o  enhance program 

r e a d a b i l i t y .  A 1is t i .ng o f  t h e s e  changes i s  unnecessary s i n c e  

comment ca rds  wi th in  t h e  program s p e c i f y  t h e  meanings of  t h e  

ma jo r i ty  o f  v a r i a b l e s  e 

Common blocks have been reorganized f o r  more e f f i c i e n t  use of  2.  

computer s to rage .  

3. The multidimensional v a r i a b l e s  which conta in  the ca l cu la t ed  

concent ra t ions  f o r  each s t a g e  have been reduced i n  s i z e .  P r e -  

v ious ly ,  t h e s e  v a r i a b l e s  r e t a i n e d  concent ra t ions  f o r  each s t a g e  

f o r  100 time i n t e r v a l s .  Now only  those  concent ra t ions  f o r  t h e  

prev ious  and t h e  cu r ren t  t i m e  i n t e r v a l s  are  s t o r e d .  T h i s  modi- 

f i c a t i o n  r e s u l t e d  i n  a reduct ion  o f  about 100 M o f  computer 

co re  s torage .  
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4 .  The subrout ines  have been renamed, and computational c a p a b i l i t y  

SEPIilS p re sen t ly  con- o f  c e r t a i n  subrout ines  has been a l t e r e d .  

s is ts  o f  t h e  fol lowing r o u t i n e s :  

M U N  reads program desc r ip t ion  cards ,  i n i t i a l i z e s  arrays, 

performs iiiolarity and mola l i ty  conversions,  p r i n t s  

r e s u l t s ,  and analyzes  t h e  approach t o  s t eady- s t a t e  

opera t ion .  

PR@FIE de f ines  feed streams and i n i t i a l  p r o f i l e ,  i f  n o t  zero .  

FLgWS def ines  outgoing streams, c a l c u l a t e s  phase r a t i o s ,  

flow r a t i o s ,  recyc le  f lows,  i n t e r s t a g e  flows, and s t a g e  

volurries f o r  each s t a g e .  

STAGES performs s t age  c a l c u l a t i o n s  f o r  t h e  cu r ren t  t ime 

i n t e r v a l .  

UC@R c a l c u l a t e s  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  required by 

STAGES 

PL@N and PPL genera te  Calcornp p l o t s  ( p r o f i l e  graphs and 

t r a n s i e n t  graphs) .  

p l o t t i n g  package which is a v a i l a b l e  a t  O W L ,  and t h e  

subrout ines  i n  t h e  package are not  p r i n t e d  i n  Appendix 

A. 

PLBTR and PPL invoke the ORGRAPH’ 

Modeling changes 

Modifications t o  t h e  modeling o f  the e x t r a c t i o n  system f o r  t h e  

uranium, plutonium, and n i t r i c  a c i d  a r e  summarized as follows : 

1. A s  before ,  c a l c u l a t i o n s  a r e  v a l i d  f o r  t h r e e  t r a n s f e r r i n g  com- 

ponents;  however, t h e  cu r ren t  vers ion  a l s o  inc ludes  t h e  s a l t i n g  

e f f e c t  from nonext rac tab le  n i t r a k  sa l t s ,  
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2 .  

3.  

Provis ions  have been made f o r  e s t ima t ing  t h e  p a r t i t i o n i n g  o f  

plutonium from uranium by en te r ing  t h e  reductan t  normali ty  as 

a nega t ive  plutonium concent ra t ion .  The code does n o t ,  however, 

inc lude  t h e  effects o f  k i n e t i c s ,  which i s  an important consider-  

a t i o n  i n  a c t u a l  process ing  f a c i l i t i e s .  

Stage c a l c u l a t i o n s  are  performed on a s o l u t e - f r e e  b a s i s .  

r e l a t i o n s h i p  between s o l u t e - f r e e  concent ra t ions  (small l e t t e r s )  

and m o l a r i t i e s  ( c a p i t a l  l e t t e r s )  f o r  aqueous arid organic  

s o l u t i a n s  i s  given below ( taken from Ref. 2 with s l i g h t  

modi f ica t ions)  : 

'The 

1 .o 
1 .0  - 0.0724Ua - 0.13Pua - O.03O9Ha - 0.8S1Sa 

m 
- -  a -  
Ma 

= 1.0 + 0 . 0 7 2 4 ~ ~  + O.lJpua + 0.0309ha + 0 . 0 3 1 ~ ~  

1 .o 
1.0 - 0.097Uo - O.139Pu0 - 0.043Ho - 0.017rSWo 

m 
0 - =  

MO 

= 1.0 + 0 . 0 9 7 ~ ~  + 0 . 1 3 9 ~ ~ ~  + 0.043ho + 0 . 0 1 7 4 ~ ~  

where W and w a r e  ca l cu la t ed  water concent ra t ions  i n  t h e  TBP 

phase def ined  by 

0 0 
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2pu 0 0.6ho) 1.69 
w = (4 .2  - 0.015t)  - - - _____ F 

0 T T (4)  

P u  and lies are m o l a r i t i e s  of  uranium, plutonium, and 
"OS, o s y  

a c i d ,  r e spec t ive ly ,  requi red  t o  s a t u r a t e  t h e  TBP. They are 

def ined  by: 

0 .5T  
"os -" 1 .0  +. 0.046T 

- 0.5T - _._ 
puos 1.0 + 0I-m" 

1.6s 
I - T(l.O - 0.00609(3.95 - 0.0144t)F ) 

wOS (1.0 -+ 0.043T) 

4 .  P r o f i l e  temperature may vary with t h e  time i n t e r v a l .  

5 ,  

6 .  

The program accounts f o r  t h e  amowit of water t h e  TRP e x t r a c t s .  

The c r i t e r i o n  f o r  convergence of  s t a g e  c a l c u l a t i o n s  has been 

somewhat modified. As i.n t h e  o r i g i n a l  SEPHIS s t a g e ,  c a l c u l a -  

t i o n s  a r e  performed using an i t e r a t i v e  procedure i n  each s t a g e  

f o r  each t i m e  i n t e r v a l .  If convergence ((observed-calculated)  / 

ca lcu la t ed  <.001) i s  achi-eved withi-n 20 i t e r a t i o n s ,  t h e  compu- 

t a t i o n  i s  considered t o  be complete i n  t h e  cu r ren t  vers ion  o f  

SEPHIS. If t h e  computation f a i l s  t o  converge, t h e  l a s t  ca lcu-  

l a t e d  va lues  a r e  accepted. This i s  based on t h e  assumption 

t h a t  s t e a d y - s t a t e  values  may be obtained even though t h e r e  was 

f a i l u r e  t o  converge i n  a t r a n s i e n t  pe r iod ,  ( I t  should be 

emphasized t h a t ,  when the  20th  i t e r a t i o n  i s  repor ted  i n  t h e  

p r i n t o u t ,  it may have no phys ica l  s i g n i f i c a n c e  ) 
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7. The d e f i n i t i o n  o f  s teady  s t a t e  as given by Groenier i s  a l s o  

used i n  the c u r r e n t  ve r s ion  o f  SEPI-IIS with add i t iona l  complexi- 

t i e s .  

program t o  ob ta in  less p r e c i s e  answers where eonveniencc 

r equ i r ed  over  100 i t e r a t i o n s .  

Richardson developed a new method for  c a l c u l a 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  i n  an at tempt  t o  extend t h e  code t~ h igher  temper- 

a t u r e s  and TBP concent ra t ions  than  t h e  r e s t r i c t i o n s  o f  25°C 

and 15% TBP imposed by t h e  ea r l i e r  code. 

i n  p a r t  from h i s  work and inc ludes  some a d d i t i o n a l  d e t a i l s .  

Addit ional  convergence c r i t e r i a  have been added t o  t h e  

8 .  

The fol lowing i s  taken 

The e q i i i l i b r i m  c o r r e l a t i o n  was based 011 d e r i v i n g  cinpir ical  

equat ions  f o r  t h e  fol lowing pseudo-mass-action equi l ibr ium 

cons tan t s :  

- 2  ([loz (NOj) 2TBP) 
K =  2+ 2 e = K;(No,)~ 

U 
(U02 1 a (?.BPI 



This program and Richardson's program are based on a fitting 

of the K values above, 

fitting of  the K' values. The basic empirical equilibrium 

expressions were derived a t  100% TRP cquilibrated at 2 5 " C ,  

giving t h e  following equations : 

Gsoenier's program was based on a 

2 

K* = 3.7n '  
U a + 1.4na 3.9 + O.Ollna 7.3 

= 0.135na + 0.0052na 3 . 4 4  

where 

The plutonium constant was determined as a fiinction of t h e  

uranium constant at 2 5 ° C .  

(16) 
1.2s 2 K;. = Ki(0.20 + 0.55F' + 0.0074na) . 

The code provides correction factors for other TBP concentra- 

tions and temperatures : 

-0.17 (2500T) K = #:(4F - 3)e 
U 

-0 .17 ( -200r)  K = K" (4F - 3 ) e  PU Pu 

(-15~ j e ( 3 4 0 ~ )  1 = Tl2 = Kq hl (1.0 - 0 . 5 4 ~  



and T~ = equilibrium temperature, O K .  
1 where T = - - - 
T 298 The 

0 

change in the distribution with TBP concentration is estimated 

as follows: 

2 (UO, (NO3) *2TBY) 

0 
D =  = K (TBP) 

U 2+ U 
(U02 l a  

D =  (I.'U(NO~)~*~TBP) = K 2 
4+ PU cpu l a  P U  

Free (uncomplexed) TBP concentration is calculated as follows: 

(TBPIo T - 2(U0,(N03),*2TBP)o - 2(PU(N03)4*2TBP)o 

- (HN03 *TBP) - 2 (FINO3 2TBP) o .  
0 

Substitution o f  Eqs. (20) through (23) into (24) produces 

(TBP)o = T - 2K u (TBP); - 2K. pu (TBP); - kllllia(TBP)o 
u a  Pu a 

Solving the quadratic equation gives 
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assuming T = 3.6S1F. 

Thus, given u a, pu,, ha, sa, and r, t he  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 ca l cu la t ed  by forming n 

evalua te  (12) - (19), then so lv ing  (25) f o r  (TBPJo and rep lac ing  

it i n  (20) - ( 2 3 ) .  

which is  used t o  a 
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I V .  USER INFORMATION 

The c u r r e n t  ve r s ion  of  SEPHTS i s  w r i t t e n  i n  t h e  IBM System/360 and 

System/370 FORTRAN I V  language. 

l e v e l  compiler and has been executed on both t h e  IBM 360/91 and 360/75 

a t  OWL. The program requ i r e s  about 140 K (K = LO24 by te s ;  by te s  = 8 

b i t s )  o f  core  s to rage  f o r  execut ion.  Approximately 1/20 sec .  of computing 

time on t h e  IBM 360/91 i s  requi red  f o r  each time i n t e r v a l  when c a l c u l a t -  

ing  10 s t a g e s .  

The program i s  compiled using the W- 

The remainder o f t h i s  s e c t i o n  descr ibes  t h e  content  of  t h e  ca rd  

input  which must be prepared i n  o rde r  t o  execute  t h e  program and t h e  

output  produced by t h e  program. 

output  a r e  presented  i n  Appendix B. 

Sample input  and t h e  corresponding 

Input 

The input  d a t a  are t o  be prepared i n  t h e  o rde r  shown i n  Table 1. 

Refer r ing  t o  Table 1, "Subroutine" i n d i c a t e s  t h e  subrout ine  i n  which 

t h e  ca rd  i s  read .  "Card Number" denotes  t h e  o rde r  w i th in  t h e  group 

(Program Cards, Feed Stream Cards, e t c . )  o r  q u a n t i t y  of  cards  f o r  each 

group t o  be inpu t .  "Columns" r e f e r s  t o  t h e  a c t u a l  c o l m s  on t h e  ca rd  

i n  which t h e  d a t a  must be punched. "Remarks, Var iab les ,  e t c . "  gives an 

explana t ion  as t o  t h e  v a r i a b l e  name, d e f i n i t i o n ,  and form o f  t h e  d a t a  

t o  be punched on t h e  ca rds .  The FORMAT d e s c r i p t o r  i n d i c a t e s  t h e  conten t  

and length  o f  t h e  f i e l d s  on t h e  ca rd .  

l e t t e r  "A" denotes  a lphabe t i c  da t a ;  rcI" r e f e r s  t o  i n t e g e r  d a t a  (no 

decimal po in t )  which must always be r i g h t - j u s t i f i e d  i n  t h e  f i e l d ;  "F" 

In  t h e  FORMAT d e s c r i p t o r  t h e  
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.- 

Subrout ine Card Number Columns 

Table 1 .  Input t o  SEPHTS Code 

I__ 

Remarks, Var iab les ,  e t c .  

Program Cards 

F @ W T  ( lOA4)  

TITLE - problem t i t l e  

FBRMA'T (F8 .0 ,912)  

CTBP - volume f r a c t i o n  o f  dry 
TBP 

NTBS'I' - t o t a l  number of  stages - 
must not  exceed 25  

IPR@ - 0 f o r  a zero i n i t i a l  
concent ra t ion  pro- 
f i l e  

i n i t i a l  p r o f i l e  
1 f o r  a non-zero 

IRATI@ - 0 i f  phase r a t i o  = 
flow r a t i o  

1 i f  phase r a t i o  
values  are t o  be 
input  

ICALC - 0 f o r  shutdown calcu-  
l a t i o n s  (no U o r  Du 
i n  feed s t reams)  

i n t e r r u p t  ion  
1 f o r  s t a r t - u p  Or 

I@UT - 0 i f  t h e r e  art: no 
e x t r a  outgo; ng 
streams 

1 i f  t h e r e  a r e  out -  
going streams i n  
add i t ion  t o  end 
s t r e am 

IV@L .- 0 s t a g e  volumes are 
equal 



Subrout ine 

MAIN 
(cont . 
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Table 1. (continued) 

~ 

Card Number co1cums 

21-22 

23-24 

25-26 

Remarks, Var iab les ,  e t c ,  
__I- 

IVBL - 1 s t a g e  volumes are 
uneqwal but  accorcl- 
i ng  t o  t o t a l  flow 

2 s t a g e  volumes az"e 
independently un- 
equa 1 

3 s t a g e  volumes are 
equal and s p e c i f i e d  

(opt ions  2 01- 3 si1ouid be used 
f o r  HAN* c a l c u l a t i o n s  'to c o r r e c t  
f o r  s t a g e  res idence  time) ["Hydrox- 
ylamine Nitrate - Ref. 3 )  

IPR - 0 

1 

-1 

IPNCM - 0 
1 

ICALPL - 0 
1 

3 

p r i n t  ou t  a l l  t i m e  
i n t e r v a l s  
p r i n t  only l a s t  
i I1 t e r va 1 
print .  every 20th time 
i.nt e rva  1 

no punched card output  
de s i. r e  d 
final.  profile output  
punched on ca rds  

nQ CalComp p l o t s  
p r o f i l e  graphs ( log  of  
concent ra t ion  vs s t a g e  
number a t  l / 8  s teady  
s t a t e ,  1/4 s t eady  statt 
1 1 2  s teady  s t a t e ,  and 
s teady  s t a t e )  
t r a n s i e n t  graphs (con- 
c e n t r a t i o n  vs t ime 
i n t e r v a l  a t  s p e c i f i e d  
s t ages  for each t ime 
block) 
p l o t  bo th  1 and 2 



Table 1. (continued) 

__.... r-. Subroutine 1 Card ______._-__ ~ Number ---~l~~mar~s, Columns Variables  etc I 

........- 
Feed Stream Cards ...... 

PROF I L 

1 - 2  

3-4 

5-12 

13-20 

21-28 

29-36 

37-44 

45-46 

47-54 

F @ W T  ( 2  I 2  SF8.0 T 2 F8.0) 

I - s t a g e  number that feed 
en t er s 

JHAS - 1 f o r  aqueous feed 
0 f o r  organic  feed 

FDKT - feed flow r a t e  (volume 
m i  t s ) 

CON1 - uranium content  (g / l )  

CON2 - plutonium content  (g / l )  

CgN3 .- a c i d  molarity 

TEMP - temperature i n  degrees C 

I N D E X  - 1 more cards  t o  fo l low 
0 last card 

CgN4 - n i t r a t e  normali ty  Erom 
i n e x t r a c t a b l e  s a l t s  inc lud-  
ing  the retluetant 

(Enter Pu reductan t  normality as 
negat ive  I'u concent ra t ion)  

I n i t i a l  P r o f i l e  Cards _- 
(requi-red only f o r  non-zero i n i t i a l  p r o f i l e )  1 PR@FIId 1 t;z;;;:gOri 1-8 1 F g M T  (8F881:1) 1 X ( l  J ,  1) - aqueous-phase uranium 

concent ra t ion  i n  s t a g e  J 

_-I-_ ._._..... I-..._.__ . . . ... .. .. 
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Table 1. (continued) 

Subrout ine 

P li@F 1 L 
(cont . ) 

Card Number - 
co lmns  

9-16 

17-24 

25-32 

33-40 

41-48 

49-56 

57-64 

--I_- 

Remarks, Var iab les ,  e t c .  

- aqueous -phase pl.utonium 
concent ra t ion  i n  s t age  
J ($‘/I3 

- ayucous-phase n i t r i c  
a c i d  concent ra t ion  i n  
s t a g e  J @I] - 

- organ i c -phase uranium 
concent ra t ion  i n  s t a g e  
-J (g / l )  

- organic-phase plutonium 
concent ra t ion  i n  s t a g e  
J k / l )  

- organic-phase n i  tri-c 
a c i d  concent ra t ion  i n  
s t a g e  3 (M) I 

TPR@F(J,l) - temperature  i n  s tage  3 

X(4 ,J ,1]  - aqueous-phase n i t r a t e  
concent ra t ion  i n  s t a g e  
J @,9 

Outgoing Stream Data 
(o the r  than  aqueous r a f f i n a t e  and organic  product)  

F L@WS One ca rd  f o r  
each out-  
going stream 1 - 2  

3- 4 

5-12 

13- 14 

__L- 

FQKMAT (2 1 2 ,  F 8 e O, 1 2 )  

I - s t a g e  number t h a t  stream 
leaves  

JHAS - 1 f o r  aqueous stream 
0 f o r  organic  stream 

~ ~ T R T  - e x i t  flow ra te  (volume 
u n i t s )  

I N D E X  - 1 more cards fol low 
0 l a s t  card  
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Table 1. (continued) 

Subroutine I Card Number I Columns I Remarks, Variab les ,  e t c .  

F LBWS 

F LBWS 

Only NTgST 
needed for  

Phase Rat io  Cards 
(used only i f  phase r a t i o  # flow r a t i o )  

One card f o r  
each region 
o f  cons tan t  
phase r a t i o  

3 

1 - 2  

3-12 

F B W T  ( 1 2 ,  F8.0) 

I - number of s t ages  having 
phase r a t i o  shown 

WTIgl - aqueous/organic phase r a - t i o  

Stage Volumes 
( f o r  IV@L=2 and IV@L=S) 

1-8  

72-80 

1-8 

'72-80 

1-8 

32-40 

For IV@L=2 s t a g e  volumes a r e  unequa 
and not  flow r e l a t e d  

F@RMAT (10.48) 

SW@L (1 0) 

s.wgL (I 1 ) 

SmgL [ 20) 

F @ M T  (10A8) 

STV@L[21) 

STvfL(25) 

s t a g e  volumes need t o  be en te red ;  t h a t  i s ,  1 t o  3 cards  a r e  
inpu t .  
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Subrout ine Card Number 

FLgbWS 

1 

Table 1. (continued) 

Columns 
- 

1-8 

I 

1 

2 

One card €01 

each p r o f i l e  
graph 

1 

Remarks, Var iab les ,  e tc .  

For IVpIL=3 s t a g e  volumes are equal  
and s p e c i f i e d  

FORMAT (F8.0)  

VflL - s t a g e  volume f o r  a l l  s t a g e s  

Graph Cards 
( ICALPL=1 , 2 3) 

1-80 

1-80 

1-80 

1 - 2  

49-50 

P r o f i l e  graphs (ICALPL=1 or  3) 

FORMAT ( l O A 8 )  

TTL - t i t l e  f o r  a13 p r o f i l e  graphs 

XTAG - x-axis l a b e l  €or a l l  p r o f i l e  
graphs 

Fe)RMAT (10A8) 

YTAG - y-axis  l a b e l  f o r  each profi.1e 
graph 

Trans ien t  graphs (ICALPL=2 o r  3 )  

FORMAT (2512) 

NSTA(1) - s t a g e  no. for 1st set  o f  
t r a n s i e n t  graph 

NSTA(25) - s t a g e  no. f o r  25th set  
o f  t r a n s i e n t  graphs 

Two graphs are p l o t t e d  f o r  each I 
such t h a t  NSTA(Ij#O. For NSTA[I)=O 
no graphs are p l o t t e d .  
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PLBTK 
(cont . )  
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Table 1. (cont h u e d )  

Card Number 

2 

3 

One card  f o r  
each t r a n -  
s i e n t  graph 

Note: Character  s t r i n g s  

MAIN 1 

Colums 

1-80 

1.-80 

1-80 

............... ____.-- 

Remarks, Variables  e t c .  

F @ M l '  (10A8) 

TTL - t i t l e  f o r  a l l  t rans ien t .  
graphs 

FORMAT ( l O A 8 )  

XTAG - x-axis l a b e l  f o r  a l l  t r an -  
s i e n t  graphs 

FgRMAT (10A8) 

YTAG - y-axis l a b e l  f o r  each t r a n -  
s i c n t  graph 

input  as T'TL, XTAG, and YTAG iiiust end with $ . 

Next Case 

1 - 2  

3-4 

FflRMAT 

ICHNGE 

I D I F  

- 0 next  case  i s  new 
1 new Fced Stream Cards 

and Outgoing Stream 
Data requi red  f o r  each 
feed and e x i t  strcaiii - 
no Program Cards, 
I n i t i a l  P r o f i l e  Cards, 
Phase Rat io  Cards, o r  
Stage Volume Cards a r e  
reqiai red  

2 s t o p  

- 0 no changes i n  Program 
Card parameters 

- 1 changes i n  a t  l e a s t  
one o f  these  Program 
Card parameters .- 
I C A L C ,  I@U?', I P R ,  
IPNCH, ICALPL ( thesc  
parameters a r e  explaj  n- 
ed i n  t h e  section Pro- 
graiii Cards) 
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Table 1. (continued) 

Subroutine Card Number ColUmns Remarks, Variables, e t c .  

If IDIF = 1, input  a card of the fo l lowing  form; if I D I F  = 0, omit 
this card. 

2 

1 -2  

3-4 

5-6 

9- 8 

9-10 

F B W T  (512) 

ICALC 

I Bur 
I PR 

I PNCW 

ICALPI, 

See Program Cards for expl.anation 
of these parameters 
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i n d i c a t e s  a r e a l  number with o r  without a signed exponent (decimal po in t  

should be punched). The v a r i a b l e  names are those used i n  t h e  FORfKAN 

program. Two examples of  sample input  are incliaded i n  Appendix B .  

out  pu t  

Two examples of program p r i n t o u t  a r e  given i n  Appendix B .  A general  

explanat ion o f  t hese  exarnples and hence a11 output  i s  he re in  descr ibed.  

The f i r s t  page of  p r i n t e d  output  provides a synopsis  of  input  and 

var ious  i n i t i a l  condi t ions .  Included a r e  t h e  feed s t ream d a t a ,  i n i t i a l  

p r o f i l e ,  phase r a t i o s ,  and s t age  flows. The remainder o f  t h e  p r i n t o u t  

co t i s i s t s  o f  t r a n s i e n t  behavior r e s u l t s  f o r  each time i n t e r v a l .  P r in tou t  

f o r  each t i m e  i n t e r v a l  includes aqueous- and organic-phase concent ra t ions ,  

aqueou3 and organic  flows , temperature , and number o f  i t e r a t i o n s  requi red  

f o r  convergence i n  t h e  s t a g e  c a l c u l a t i o n s ;  a l l  of  which a r e  p r in t ed  f o r  

each s t age .  

After every time i n t e r v a l  which is  a mul t ip le  of 100 and upon con- 

vergence o f  tlie t r a n s i e n t  c a l c u l a t i o n s ,  t h e  percent  s teady  s t a t e  and t h e  

time i n t e r v a l s  a t  which 90%, 95%, 99%, and 99.5% s teady  s t a t e  have been 

reached a r e  p r i n t e d .  

If  des i r ed ,  output  mdy a l s o  be obtained i n  t h e  form o f  Calcomp p l o t s .  

P r o f i l e  graphs (concent ra t ion  vs s t a g e  number) and/or t r a n s i e n t  graphs 

(concent ra t ion  vs  t ime i n t e r v a l )  may be produced by (1) reques t ing  p l o t s  

on t h e  "Program Cards" and ( 2 )  en t e r ing  t h e  c o r r e c t  input  as prescr ibed  

i l l  "Graph Cards" (see I n p u t ) .  
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V. APPLICATIOPJ OF THE SEPHIS PROGmV 'TO PUKEX 

SOLVENT EXTRACTION PROCESSING PROBLEMS 

The procedure used in the SEPHIS calculations makes this program 

very useful for several types o f  design, optimization, and evaluation 

problems in a solvent extraction system. 

of concentrations of uranium, plutonium, and nitric acid in each stage 

Starting with any combination 

of  a countercurrent contactor and any combination o f  feed stream compo- 

sitions and flow rates, the program calculates the stcp-by-step change 

in the concentration of the uranium, plutonium, and nitric acid of  each 

stage. This type calculation provides a means of evaluating both tran- 

sient and steady-state effects of start-up or shutdown procedures, of  mod- 

ifications of  flowsheet conditions, of operational changes due to equip- 

ment malfunction, of  errors in operational procedure, etc. A comparison 

of  the steady-state concentrations of uranium, plutonium, and nitric 

acid calculated by the original and the revised computer codes with the 

values determined by a laboratory countercurrent batch extraction is 

given in Table 2. 

given in Appendix B .  The concentrations of  uranium, plutoniuin, and 

nitric acid resulting from these calculations may be used in evaluating 

product losses, in determining the critical [nuclear) safety of the 

equipment, in estimating the loading of the solvent so that decontarnina- 

tion from fission products may be estimated from other data, etc. Due 

to the reflux of  extracting components in a multistaged countercurrent 

contactor system, the concentration of any extractable material may 

reach a higher value in the column than in the feed or exit streams. 

Examples of calculations at transient conditions are 



24 

m
 U

Y m
 
r
l In r-- 

r. r. 
\D

 
0
 
\(3

 
m

 
7
- 

F
J

 cri r
l m

 
ic

) m
 rr) cc, 

--I 
r
l 

N
 m

 m
 m

 rc) m
 m

 m
 N

 
.

.
.

.
.

.
.

.
.

.
.

 

~
~

~
o

o
a

o
o

r
-

~
e

 
Q
d
m
O
m
d
d
d
0
a
a
 

N
 
N

 e.) m
 
N

 m
 m

 m
 n

 rc) N
 

........... 

rn co 
OI 

e
-

1
0

 a
 

L
a
 
0
 
0

 m
e

 
0

 0
 0

 
d

 m
 m

 -3
. u- 

-3 
0
 m

 

0
 0
 a
 
0
 a
 
0
 
0
 
0

 
1
3
 0
 0

 
.

.
.

.
.

.
.

.
.

.
.

 

m
 
N

 a
 m

 
ci) \D

 
u3 Lo 

u3 
r
l m

 
co 

m
 m

 
7
- m

 
T
I m

 m
 m

 
(7

 b
 

r-i 
r
l r

l m
 m

 rr) m
 r
l m

 n
 N

 
........... 

........... 
4

U
?

C
m

O
O

O
O

0
0

0
 

........... 
a
 4

 4
 cn 

d
 u3 

N
 d

 'a N
 r
l 

d
N

N
4

 N
r

i
d

 
LI 
o
 ~

n
 

N
 r- 

r
-
i
 

o
 

a
3

r
n

O
D

c
o

N
O

O
 

d
N

r
l
r
-
i
 

.
.

.
.

.
.

.
 

N
 c, <.n 

N
 r. 

T
( e
 e
 
-;t * 0

 
d

 4
 0

 
;-1

 N
 e
 e
 u

i 4
 if 

u- 

0
 
0
 
0
 
0
 
0

 0
 0

 0
 0

 
0
 0
 

........... 

$4 
0

 

........... 
N

 (73 
(c) 4

 u? ;
i 

0
 

r
-

i 
t-J 
P1 

rl 

.
.

.
.

.
.

.
.

 
m

 hl iri m
 m

 4
 

C
J 
0
 

m
 

4
- e
 

7-4 



Changes i n  ope ra t ing  cond i t j  ons can then  r e s u l t  i n  t r a n s i e n t  high concen- 

t r a t i o n s  i n  t h e  e x i t  s t reams.  During such t r a n s i e n t  condi t ions  nuc lear  

c r i t i c a l i t y  i n  tankage may be approached, a s i t u a t i o n  t h a t  would not  

occur during s t e a d y - s t a t e  condi t ions .  

t o  d e t e c t  such occurrences,  The program perhaps has i t s  g r e a t e s t  u t i l i t y  

as an a i d  to t h e  planning of  l abora to ry  tests designed t o  determinc 

optimum values  f o r  flowsheet parameters and as a d i agnos t i c  t a u 1  when 

ope ra t ing  so lvent  e x t r a c t i o n  systems. 

The SEPHIS program may be used 

The number o f  t h e o r e t i c a l  s t a g e s  requi red  t o  give a s p e c i f i e d  l o s s  

o r  s epa ra t ion  o f  uranium and plutonium with a given flowsheet rriajl be 

determined by varying t h e  number o f  s t ages  used i n  t h e  c a l c u l a t i o n  unt i l .  

t h e  desi  red  r e s u l t s  a r e  obtained.  S i rn i la r ly ,  t h e  he ight  equivalent  t o  a 

t h e o r e t i c a l  s t a g e  i n  a so lvent  e x t r a c t i o n  column o r  t h e  stage c f f i c i e n c y  

of a m i x e r - s e t t l e r  can be determined by a d j u s t i n g  t h e  numbers of s t ages  

i n  t h c  c a l c u l a t i o n s  u n t i l  t h e  ca l cu la t ed  e f f l u e n t  concent ra t ions  match 

experimental  d a t a .  In  t h e s e  c a l c u l a t i o n s  it i s  wel l  t o  remcmbcr t h e  

interdependence o f  t h e  two p a s t s  o f  a compound e x t r a c t i o n  cascade when 

ana lyz ing  t h e  v a r i a t i o n  i n  t h e  ref lux o f  t h e  e x t r a c t a b l e  spec ies  with 

ope ra t ing  condi t ions .  I t  i s  t h e r e f o r e  necessary t o  s imultaneously 

determine t h e  number of  s t a g e s  i n  each end o f  a compound cascade when 

performing c a l c u l a t i o n s .  

The time u n i t  given by t h e  program i s  t h a t  f o r  one volumetr ic  d i s -  

The r ea l - t ime  equivalent ,  placement of  an i d e a l  m i x e r - s e t t l e r  con tac to r .  

t h e r e f o r e ,  i s  equal  t o  t h e  volume of  one t h e o r e t i c a l  s t a g e  d iv ided  by 

t h e  sum o f  t h e  flow rates  t o  t h e  s t age .  An example of  such a c a l c u l a t i o n  



26 

i s  given i n  Table 3 ,  where t h c  c a l c u l a t i o n a l  time u n i t  i s  equivalent  t o  

0.85 m i n  of real  t i m e .  I n  Lhis example, t h e  column contained 11-1/4 

t h e o r e t i c a l  stages and t h e  time f o r  t h e  volumetric displacement oE the 

column i s  about 10 min. 
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Table 3 .  Calculation o f  the Time f o r  t h e  Volumetric Displacement 
of a Theoretical Stage i n  a Pulsed CoPumi 

Column Conditions 

6 in. pipe, schedule 40, ID 6.065 in. 

Pulse plates, 1/8 in. thick, 23% free space, 6 i n .  di.am., 2 in. 
spacing 

Support rods, 3 ea., 1/4 i n .  diameter 

HETS, 3 . 2  f t ,  

Flow rate a t  80% flooding, 1 in. pulse ,  60 pulse/rnin.= 1600 gal/hr/ft 

Volume of a Theoretical Stage 

3 . 2  )E 1 2  
2 

0.771 
2 6 2 6.065 

[(--yj---) x T x 3 . 2  x 121 - [ ( T I  x 7~ x 0.125 x 

3 2 
2 5  + 3 [ ( 5 - - ]  x TT x 3.2 x 121 = 1047 ina3 o r  0.6059 ft. 

Flow s a t e  through column 

3 2 ft 3 2 
6.056 3 x lT3 ft = 0.7153 - ga l  ft h r  

7.48 g a i X  60 min ‘(2 x 12 mi11 
1600 

f t 2  hr 

Displacement Time 

min 
= 0.85 min 3 0.6059 ft x 

0.7154 E t 3  
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APPENDIX A 

Program L i s t ing  
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CCC 
C PhOGRAfi SEPHIS 
C O R R I  BODIFICATION OF THE RICHARDSON-NANCE PEVISEIl Y B R S I O M  
c 
C TRANSIERT STAGE CALCULATTONS FOR PUB324 SOLVENT EXTRACTION PROCESS. 
C CALCULATIONS VALID FOR 3 TPANSFERRING COMPONENTS. I K L O D E S  SilLTTNG 
C EFFECT FROR NO~-TRINSYERRING UITRATE SALTS. PLOTONIUM PARTITIOR 
C CALCULATIONS CAN BE IADE BY ENTERING 'PEE REDOCTANT NORfiALITY A S  R 
C NEGATIVE PLUTONIUfl CONCENTRaTfON ON THE APPROPRIATE PEED CARE. 
C COtlPOUENT 1 = D R R N I U N  COfiPONENT 3 = NITUIC ACID 
C COMPONENT 2 = PLBTONIUK COHPOUEBT U = SALT NITRATE 
C STAGE VOLOHES EQUlL UBLESS NOTED OTHERYISE. 
CCC 

DItlENSION T I T L E  (10) 
DIfiENSION AOfJT(25) .OOUT(25) .STVOL(25) ,DPi(U),SOLIN(3) ,SOLCOT(3),  

DILlENSION illi(25) . T T ( 7 5 ) , 0 0 ( 2 5 )  ,PATI0(25)  
DIflENSICN CPBIU) .CFOlU) 

1 AQOUT (25)  .ORGOUT ( 2 5 )  

COtltlOW/FLUS/ r R i ~ I O , I O U T , T V O L ,  RECY (25), ICHHGE, ALVRT (25)  ,OLVRT( 2 5 )  
COfifiON/ST65/ NSOSU, COD U N  ( 2 5 )  , A R  ( 2 5 )  ,OR [ 25)  .AT( 25)  ,OT (25) 
CONfiON/FEED/ NTOST.AFDRT(25I =OPDRT1251 
COlMON>PROF/ IPRO,i(U.25;2) ;Y(4,25;2) ; R F U ( 4 , 2 5 )  , Y P D ( 4 , 2 5 ) ,  

COtlHOY/REC/ A ( 2 5 )  ,O ( 2 5 )  eRAIO(25)  ,RCYCA(25) ,RCYC0(25) 
COflfiON/UIST/ CTBP,ARY(O) ,DTRP(4) ,TO,aN625,77) ,RNFD(25) 

NSOLU = 4 

1 TPROP(25,2) ,AFDTEfiIZ5) ,OPDTEtl(2S) 

C 

C 
C NEXT CASE IS NER 
c 

10 CONTINUE 
READ ~00II,TITLE.CTBP,NTOST,IPRO,IRATIO~ICALC,IOUT,IWOL,IPR~IPNCH~ 

1 ICBLPL 
r 
C TITLE IS THE PROELEfl TITLE. 40 SPRCES ARE LLLOUEO. 
C NTOST = TOTAL NUHBER OF STBGES, HUST ROT EXCEED 2 5  
C NSOLO = N U M B E R  O F  SOLUTES, M I I X I f i U K  tl 
C CTBP = VOLOHE FGLCTION OP DRY TBP 
C IPRU = 0 FOR A ZERO I N I T I A L  CONCENTRATION PROFILE 
C I FOR li NOW-ZERO I N I T I A L  PROFILE 
L IRATIU = 0 I F  PHASE RATIO = PLOW RATIO 
C 1 IF PHASE RATIO CARDS FOLLOW 
C ICALC = 0 FOR SAUT-DOWN CALCULATIONS (NO U JR PU I N  FEED STREAnS) 
C 1 FOR START-OP OR fNTERROPTIO3 
C IOUT = 0 I F  THERE &I(% NO EXTRA OOTGOLNG STREAfiS 
c 1 I F  T H E W  RRE OUT GOING STBEAUS I N  ADDITION T O  ENE STREKHS. 
C IVOL = 0 I F  STAGE VOLUHES &RE ALL EQUAL 
c 1 I F  STAGE VOUMES IRE UAEQUAL BOT ACCORDING TO TOTAL ELOU 
C 2 I F  STAGE VOLOIES ARE INDEPENDENTLY UNEQUAL 
C 3 1" STACF VOLUMES ARE EQUAL A N D  SPECIFIED.  (OPTION5 2 O R  3 
C SHOULD BE USED POR H A N  CALCULATIONS TO CORRFCT FOB STAGE 
C RESIDENCE TIME. 1 
C IPZ = I) TO PRINT OUT ALL TIME INTERVALS 
C 1 TO PRINT OALY LLST XNTEEVllL 
C - 1  TO PRINT EVSRY 20TH T I H E  INTERVAL 

10 
20 
30 
u0 
5 0  
60 
IO 
80 
90 

100 
110 
1 2 0  
130 
1 4 0  
150 
1-51 
160 
170 
t 80 
1q0 
200 
2 1 0  
2 1 1  
220 
2 3 0  
2'40 
2 50 
260 
270 

2 90 
300 
301  
3 1 0  
3 20 
3 30 
340 
350 
1160 
370 
380 
390 
u00 
4 1 0  
UZO 
430  
I+ u 0 
0 50 
4 60 
a 7 0  
e80  
490 
500 

2 8 0  

5 I O  
5 2 0  

C ICHNGE = 0 I P  NEXT CASE IS NE$! 5 3 6  
C 1 I F  NEXT CASE INVOLVES ONLY A CHANGE I N  FEEC FLOBS, COIP, R N D  TEfiP 
C 2 STDP 550 
C IPNCH = 0 I F  NO POACHED CARD OnTPUT DESIRED 560 
C 1 FOR FINAL PROFILE OUTPUT 01 PUNCREO C R R D S  5 7 0  
C ICALPL = 0 N O  CALCOMP PLOTS 580 
C = 1 PROFILE GRBPHS OF LOGORITHfl OF CONCEDTXATION 590 
C VS STAGE NOtlREU RT STEIDY STATE" 1/2. 1/U, 600 
C 1 B D  I / B  O F  STEilDI STATE TIME 610 
C = 2 TRBNSIEW GRAPHS OF CONCENTRATION vs TxnE a T  620 
C SPECIFIED STllGES FOR EBCA TIHE BLOCK 630 
C = 3 PLOT BOTH 1 & N O  2 640 
C 650 
C 660 
C ZEROING QP I R R A Y S  670 
C 0r0 

DO 15 J=l ,NTOST 690 
CODOn(J)=O.o 700  
STVOL(J)  = 0.0 7 10 
DO 15 K=1,2 7 20 
RN(J ,K)  5 0.0 73 0 
T P R O Y f J . K I  = 2 5 . 0  1 4 0  

750 DO IS 'I;I;NSOLO 
DF(1)  = 0.0 

Y ( I , J , K )  = 0.0 
X(I,Y,K) = 0.0 

15 CONTINUE 
ICHNGE = 0 

C 
C NEXT CASE INVOLVES 
C 
20 CONTINUE 

DO 2 5  J=I ,NTOST 
A ( J )  = 0.0 
O ( J )  = 0.0 
AFDRT(J1 = 0.0 
OFDRT(J) = 0.0 
ALVRT(3) = 0.0 
OLVRT(Y) = 0.0 

ONLY A C H A N G E  In R E E D  PLOUS. C O M P ~ T E L ~ P  

76 0 
1 7 0  

790 
BOO 
9 $ 0  
8 20 
830 
H 40 

860 
87 0 
880 
890 
900 
9 10 

7a0 

a sa 



RNPDIJ) = 0.0 
APDTER ( J )  = 25 .0  
OPCTZb(J )  = 25.0 

DO 3 0  I= l ,NSOLU 
C P A ( I ) = O .  
CFO(1)  LO. 
no 3 0  J = l , N T O S T  
XFD(1 . J )  = 0.0 
YPD(1 . J )  = 0.0 

2 5  C O d T i l O E  

30 C O N T I N U E  
C 
C 
C PROPIL SETS I N I T I A L  CONCZYTXA?IONS FOR 
C 

C 
C 
C YRITE F E E D  STREAM D l T A  
c 

CALL PRCFIL  

34 

9 20 
9 3  0 
9u0 
9 50 
9 6 0  
9 7 0  
9 8 0  
9 9 0  

1 0 0 0  
10  10 
1 0 2 0  
1 0 3 0  
1 0 4 0  

1 0 6 0  
1 0 7 0  

T I N E  ZERO, ALSO DEFINES PEED STREAlS 

PRINT 1002, TITLE 
YRITE ( 6 , 1 0 0 3 )  
DO 4 0  I = l , N T O S T  
IF(APDRT(1)  .LE.O.) GO TO 4 0  
PRINT 1 OOLI,I,XFD ( 1 , I )  , XPD(2.I) ,XPD(3,  I ) ,  XPD ( 4  , I ) ,  AFDET i I )  , 

1 AFDTEN(1) 
C 
C 
C C O N V E R T  TO IIOLhRITY 
C 

XFD(1, I ) = X P U  ( 1 , I )  / 238 .  
XFD(2, I )  = X F O ( 2 ,  I) /239 .  

C AQUEOUS STAGE FLOW RATES (AFDRT) B N D  AQUEOUS CONTENT 
C OF STAGE ( X F D )  CONVERTED PROP, VOLUME UNITS T O  
C S O L U I E - F R E E  VOLUNE U Y I T S  
C 

35 
C 
C 

C 
c r o  

40 

C 

DE NOMA 

I F ( X P D ( Z , I ) . L T . O . )  DBNOMA = D E B O M L  + .13*XFD(Z,I)  
APDRT ( I )  = IPORT ( I )  DENOBA 
DO 35  J = 1.4 
X F O ( J , I )  = XPD(J,I)/DENO!lB 
i F ( X P U ( 2 , I )  .LT.O) RNFD(1) = XPD(2.I)  
COiiTINUE 

= 1 .O-0 .072U* XFD ( 1 ,  I) - 0.13*XFO (2 ,  I) -0.0 309 *XFD (3 ,  I) 
1 -. 031*XFD ( U , I )  

I S  lOL.4RlTY OF D R Y ,  SOLUTE-FRZZ TBP 

CONTINUE 
TO = 3 . 6 5 1 U 5  * CTBP 

1 0 8 0  
1 0 9 0  
1 1 0 0  
11 10  
1120  
1 1 3 0  
1 1 4 0  
1 1 5 0  
1 1 6 0  
1 1 6 1  
1 1 7 0  
1180  
1 1 9 0  
1 2 0 0  
1210  
1 2 2 0  
1 2 3 0  
1 2 4 0  
1 2 5 0  
1 2 6 0  
1270  
1 2 7  1 
1 2 8 0  
1 2 9 0  
1 3 0 0  
1 3 1 0  
1 3 2 0  
1 3 3 0  
1 3 4 0  
1350  
1360  
1 3 7 0  
1 3 8 0  
1 3 9 0  
1 4 0 0  

C US,PUS,AND AS A R E  BOLARITIES OF U,PO,l.ND HN03 REQUIRED TO SITURhTE THE TBP 

C 
c Y O , Y C ,  A N D  y o n  IRE C A L C U L A T E D  H A T E R  CONCENTRATIONS IN T H E  TBP PRASE tu20  

US = 0.5*T0/ (1 .0+0.OU6*TO) 
PUS = O.S*TO/ (1 .0+0 .09*TO)  
DO 50 I = l . N T O S T  

C 
C SZT &CID I N  ALL STAGES TO SCRUB ACID COHCENTRATION 
C 

C 
I F  (IPRO . E a .  0) X ( 3 ,  I ,  1) =KPD ( 3 , l )  

IF (OFORT(1)  .LE.O.) G O  TO 50 
PRINT 1 0 0 5 , @ T B P , I , Y F D (  1.1) ,YFD(Z.I)  , Y P D ( 3 , I )  ,YFD(U,I)  ,OFDRT(I)  , 

1 OFDTEN(1) 
C 
C CONVERT TO NOLhRITY 
C 

W D ( l , I ) = Y F D ( l , I ) / 2 3 8 .  
YFD(2 , I )  =YFD(2.1) /239 .  

C 
C ORGRNIC STAGE FLOW (CPDRT) bND ORGANIC CONTENT 
C O F  STAGE (YFD) COH'IERTED FROn VOLUME UNITS TO 
C SOLUTE-FREE VOLUME UNITS 
C 

W0=(3.95-0.0144*OFDTEH ( I ) )  *CTBP**l. 6 5  
HS= TO* (1.0-0.00609~~0)/(1.O+O.OU3*TO) 
YC = 
DENOtlO= 
OFDST (I) =OFDRT(T) *DEWOX0 
DO 95 5.1.3 
Y P D ( J ,  I )  = YFD (J, I) / D E N O N 0  

WO* (1 .O-Y"D ( 1 ,  I )  /US-YPD ( 2 ,  I) /PUS-0. 65*YFD ( 3, I) /HS) 
l.O-O.O97*YFD (1 .1 )  - O . l 3 9 * Y F D ( 2 , 1 )  - .OU3*Y?D(3,i)  - 0 . 0 1 7 4 t Y C  

45 CONTINUE 
C 
C 
C FEED CONCENTRATIONS A N D  VOLUMES ARE N O H  ON A SOLUTE-FREE BASIS 
C 
C 
C FLOWS SETS A L L  INTEASTAGE FLOU RATES, DEFINES OUTGOING STREAM L N D  FLOH 

C 
C RATIOS, A N D  CALCULATES NECJSS BRY RECYCLE PLOYS 

50 COEiTINUE 
CALL PLOWS (STBOL) 

1 4 3 0  
1u40 
1 4 5 0  
1 4 6 0  
1 1 7 0  
1 4 8 0  
1 u 9 0  
1 5 0 0  
15  10  
1 5 2 0  
1 5 3 0  
1 5 3 1  
1 5 4 0  
1 5 5 0  
1 5 6 0  
1 5 7 0  
1 5 8 0  
1 5 9 0  
1 6 0 0  
1 6 1 0  
1 6 2 0  
1 6 3 0  
1 6 4 0  
1 6 5 0  
1 6 6 0  
1 6 1 0  
1 6 8 0  
1 6 9 0  
1 7 0 0  
17 10 
1 7 2 0  
1 7 3 0  
17u0 
1 7 5 0  
1 7 6 0  
1 7 7 0  
1 7 8 0  
1 7 9 0  
1 8 0 0  
1 8 1 0  

C 1 8 2 0  
C PRINT OUTGOING STREARS (ALVRT hND OLVRT) I N  SOLUTE-FREE VOLUME UNITS 1 8 3 0  
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C 
C 
C IF N O  EXTRA OOTGOTNG STREAIS, L V O I D  DBINT OF ALVRT A N D  OLVRT 
C 

C 
IF(TOUT.EQ.0) GO TO 6 5  

PRINT 1006 
DO 55 T=lrNTOST 
IF(ALVRT(f) .LE.O.)  GO TO 55 
PRINT 1007gf, &LYHT(I) 

55 CONTINUE 
DO 6 0  I = l , N T O S T  

PRINT i o o a , r , m v R T  (11 
IP(OLVRT(I)  .LE.O.) GO TO 6 0  

60 CONTINUE 
C 
C PRINT LNITJRL PROFILE B E F O R E  UNIT CONVERSION 
C 

65 CONTINUE 
PRINT I 0 0 9  
DO '70 J=l .NTOST 
PRINT 1 0 10. J ,  X ( 1, J, 1)  , Y ( 2 ,  J. 1 ) , X (3 ,  J ,1) . r ( 1, J, 11 I: 12. J, 1 J ,P (3 ,  J, 11 

1 ,TPROP (J, 1) 
70 CONTINUE 

c 
C CHECK POR IION-ZERO I N I T I A L  PROFILE 
C 

C 

C 
C CONVERT TO B O L A R I T Y  
C 

I F ( I P R O . E a . O . A N D . T C H N G E . E Q - 0 ~  GO PO 8 5  

DO 80 JS1,NTOST 

X ( 1,J, 1)  =X (1 ,  J, 1) / 2 3 8 .  
Y( 1 , J ,  l ) = Y  (1.  J, 1) /238. 
X ( 2 ,  J. 1 )  = X  ( 2 ,  J, 1) /239. 
Y ( 2 , J , l ) = Y ( 2 , J ,  1 ) / 2 3 9 .  

C 
C CONVERT IKITLAL PROFILE ( X  A N 0  Y) To SOLUTE-FREE CONCEWTRATICNS 
r c 

D E N O ~ ~ = l . O - O . O 7 2 4 * Y ( I r J . l ) - O .  13*X(2,J ,  1 ) - 0 . 0 3 0 9 * X ( 3 v J ~ 1 )  

WD = (3.95 - 0 . 0 1 ~ 4 ~ T P R O P ( J , l ) ) ~ C T B P * a 1 . 6 5  
HS= TO* ( 1  .O-O.OOfiOP*WO) / ( 1  .O+O.OU3*TO) 
w C = w o * r ( l . o - ~  ( 1 , ~ .  1) / u s - Y ( ~ , J ,  I J  /PUS-O.~S*Y ( ~ . J , O / H S )  
DEWOnO=I . O - O . O 9 7 * Y  ( l , J ,  I ) - @ .  139*Y (2.9.1) -0.OU3*I(3,J8 1 ) -  
DO 7 5  T = 1.8 
X (I il J ., 1 ) = Y  (I J , 1) /OE NOS X 
Y(I,J,l)=Y (I. J, l ) / D E N O n O  

1- O.O31*X(U,J,1) 

75 CONTLBUE 
C 

X ( 2 , J " l )  = X ( Z . J , I )  + R N ( J , l )  
80 CONTIRUE 

C 
C PROFILE CONCENTRATIOIS ARE NOW O N  SOLUTE-FREE BASIS 
C 

C 
C PRINT APPROPRIATE TITLE FOR TRATIO 

85 CONTIPlUE 

L 

IF(IR.ATIO.EQ.0) GO TO 90 
PRINT 1 0 1 1  
GO TO 95 

90 CONTINWE 
PBINI' 1012 

95 CORTIIUE 
C 
C PRINT P H l S E  RATIOS 
C 

1 0 0  

10 5 

330 

C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 

DO 1 1 0  I=l ,NTOST 
IP(1.EQ.l) GO T O  ?OO 
IF(PRRTIO.EQ.RAIO(1))  GO TO 105 
I K = I - I  
PRINT 1013,NST.IK,PRBTIO 
CONTINUE 
PR A T I W R  AI0 (I) 
NST=I 
CONTINU E 
I F  (1.LT.NIOST) GO TO 110 
PRINT 1013,NST.I.PRATIO 
CONTI N U  E 
PRINT l O l U  

A I S  AQUEOOS LRTERSTBGE FLOW 

AB I S  TOTAL AQOEOOS FLOW LERVING STAGE 
00 IS TOTRL ORGRNIC FLOW LEAVING STAGE 
RCYCA I S  AQUEOUS RECYCLE TO SIITISFY PHASE R l T I O  
RCYCO I S  ORGANIC RECPCLE TO SATTSPI  PRASE RBTIO 
IR IS AOUECUS RECYCLE TO PILL STUGE 

o IS O R G A N I C  INTERSTAGE F L o a  

ou I s  O ~ G I N I C  RECYCLE TO FILL STABE 
AT IS TOTAL AQUEOUS FLOP WITHIN R STAGE 
OT IS  TOTAL ORGANIC PLOW WITHIN A STAGE 
TT 1.5 TOTIL PLOW ON TO A STAGE 

1840 
1850 
1860 

1860 
1 9 9 0  
1900 
19 10 
1 9 2 0  
1 9 3 0  
19110 
1950 
1960  
1970 

1990 
zuoo 
20 20 
20 30 
zt140 
2050 
2051 
2060 
2070 
2080 
2 0 9 0  
2 1 0 0  
2 1  1 0  
2120 
2130 
2 1 4 0  
2150 
21 60 
2170 
2 1  80 
2190 
2200 
22 1 0  
2 2 2 0  
2 2 3 0  
2 2 3 1  
2zu0 
2250 
2260 
2270  

2260 
2300  
2310 
2320 
2 3 3 0  
23u0 
2350 
2360 
2370 
2 3 8 0  
2390 
2400 
2410 
2420  
24 30 
2 a 4 0  
2 4 5 0  
2860  
2470  
2480 
2 4 9 0  
2500  
2510 
2320 
2 5 3 0  
2540  
2 5 5 0  
2560 
2570 
2580 
2590 
2600 
2 6 1 0  
2620 
2630 
2640  
2650 
2660 
2670 
2hr0 
2 6 9 0  
2700 
2 7 1 0  
2720 
27 30 
2 7 4 0  
2750  

1870 

1980 

2 0 1 0  

2280 

C 2760 
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DO 1 1 5  I = l , N T O S T  
AA(1)  = A L V R T ( I )  + A ( I )  
00 (I) = O L V R T ( I )  +Q ( I )  
R A T I O ( 1 )  = A A ( I ) / O O ( I )  
A R ( I 1  = R r C Y ( I ) * R I r O ( I ) / ( l . O c R n I o ( I ) )  
OR (I) = RECY ( I )  / (  1 .O+RAIO (I) ) 
AT (I) = A A  ( I ) + A R  ( I )  +HCYCA ( I )  
OT ( I )  =OO ( I )  +OR (I) +RCICO (I) 
TT ( I )  =AT (11 +OT (1) 

1 1 5  COkJTiNUE 
C 
C P R I N T  STAGE PLOYS 
C 

DO 1 2 0  J = I , H P O S T  
PRINT 

PRINT 1 0 1 6  
DO 1 2 5  J = l , N T O S T  
PRINT 

Y R I T E ( 6 . 1 0 1 8 )  

1 O l S , J . R A T I O ( J ) ,  Ah (J) , R R  (J) , BCYCA (J)  , A T ( J )  
1 2 0  CONTINUE 

1 0 1 7 , J , T T ( J )  . S T V O L ( J )  , O O ( J )  , O B  (J)  , R C K O ( J ) , C T ( J )  
1 2 5  CONTINUE 

C 
C ti - IS  100 OR LAST T I l E  INTERVLL 

C h D F  - n A X ( D F ( l ) , D F ( 2 ) , D F ( 3 ) )  FOR A GIVEN T I l E  INTERVAL 
C BDP - ADP FOR PREVIOUS T I R E  I N T E R V I L  
C CDP - S E T  EQURL TO ADP I F  ADPZBDP (CONVERGENCE HIS OCCURRED) 
C DDP - DETERNINES PDP,PPDF,PPPDP,PPPPDY (PERCENT S T E I C Y  STATE) 
C 

c ICEN - COUNTS BY i o o * s  Nunas3 OF ITBRATPONS 

n = 1 o o  
K E N  = 0 
BDF = 0 .  
CDF = 0 .  
DDF = 0 . 1 0  

C 
C I N I T I R L I Z A T I O N  OF TOTAL NOLES I N  (SOLIN)  A N D  TOTAL l O L E S  OUT 
C 

DO 1 3 0  I = 1 . 3  
S O L I N ( 1 )  = 0 . 0  
SOLOU'I  (I) =o.o 

1 3 0  CONTINUE 
DO 1 3 5  I = 1 . 3  
DO 1 3 5  J=l, :ITOST 
S O I I N { I ) = S O L I N  (I) + A F D P T ( J )  o X F D ( 1 . J )  +OFDRT(J)  * Y F D ( I , J )  
I P ( X P D ( 1 . J )  .LT.O)  S O L I N ( 1 )  = S O L I N 6 I I  - A P D R T ( J ) * X P D ( I , J )  

1 3 5  COWTINUE 
C 

C 
C K - T I W  INTERVAL COUNTER ( n O D  1 0 0 )  
C 

SPH = 0 . 3 9 9 4 C T B P  + 0 . 3 2 1 * ( 1 . 0  - CZLIP) 

1UO CONTIBUE 
K =  1 

C 
C STAGES PERFOSXS STAGE CALCULATIONS FOR ShCH T I l E  IHTLRVAL 
C 

105 coNTiNUE 
CALL S T A C P S ( S P H )  
DO 1 5 0  J - 1 , N T O S T  

DO 15G 1=1,4 
T P R O P ( J , l ) = T P R O U ( J , 2 )  

(SOLOUT) 

C I F  NUNBER O P  TIME INTERVALS I S  L E S S  THAN THE NUBSER O F  STAGES, 
C O N I T  CALCULbTTON OF SOLIN,SOLOUT, AND PERCENT STEADY STATE 
C 

C 
C I F  SHUTDOWN (ICALC-0) .  CHECK FOR N E l X  Z E R O  CONCENTRATION 
C 

C 
C FOR SHUTDOWN, ICALC=O. TEST FOR COIPONESTS 1 A N D  2 = 0 ,  NOT CCNGOIEWT 3 
C 

I F ( I C E N . S Q . 0 .  AND.K.LT.NTOST) G O  TO 210  

I F ( I C A L C . E C . 1 )  G O  TO 1 6 0  

DO 1 5 5  J = l , N T O S T  
IP(X(1,J,l).GT.O.OOOOOl) G O  TO 2 1 0  
IF(Y(l,J,l).G~.0.000001) GO TO 2 1 0  
1T(X(2.J,l).GT.0.000001) GO TO 210 
IF(Y(2,J,l).GT.O.OOOOOl) GO TO 2 1 0  

G O  TO 2 0 5  
1 5 5  COWTIliI iI  

C 
C CALCULRTION OF PERCENT STEADY STATE 
C 
C 
C 
C CALCUJATE TOT&?. ROLES I N  (SOLIN)  & N O  TOTAL XQLES OUT (SOLOUT) 
C 

160 CONTINUE 
DO 1 6 5  I = 1 , 3  
SOLOUT ( I ) = h  (NTOST)*X(I ,NTOST,  1 )+O( 1 )  * Y  (I, 1 , l )  
DO 1 6 5  J = 1 , 4 T O S T  

2 7 7 0  
2 7 8 0  
2 7 9 0  
2 8 0 0  
2 8 1 0  
2 8  2 0  
2830 
2 8 4 0  
2850 
2 8 6 0  
2 8 7 0  
2 8 8 0  
7 8 9 0  
2 9 0 0  
2 9 1 0  
2 9  2 0  
2 9 3 0  
29110 
2 9 5 0  
2 9 6 0  
2 9 7 0  
2 9 8 0  
2 9 9 0  
3000 
3 0 1 0  
3 0 2 0  
3030 
3040 
30 50 
3060 
3 0 7 0  
3 0 8 0  
3 0 9 0  
3 1 0 0  
3 1  10 
3 1 2 0  
3 1 3 0  
3 1 4 0  
3 1 5 0  
3 1 6 0  
3 1 7 0  
3 1 8 0  
3 1 9 0  
3 2 0 0  
3 2 1 0  
3 2 2 0  
3 2 3 0  
32u0 
3 2  50 
3 2 6 0  
3 2 7 0  
3 2 8 0  
3 2 9 0  
3 3 0 0  
3310 
3 3 2 0  
3330 
3340 
3350 
3360 
3 3 7 0  
33 8 0  
3390 
3400 
34 1 0  
3 '420  
3430 
3440  
3450 
3 4 6 0  
3 4 7 0  
3480 
3490 
3500 
3 5 1 0  
3520 
3 5 3 0  
3 5 4 0  
3550 
3560 
3 5 7 0  
3580 
3 5 9 0  
3600 
3610 
3620 
3630 
36u0 
3650 
3660 
3670  
3680 
3690 
3 7 0 0  
3 7  1 0  
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1 6 5  

17 0 

C 

I7 5 

180 

C 

SOLOUT (I) =SOLOUT ( I )  +ALVRT (J) * X  ( X J n  1 )  +OLVRT(J)*I  ( I ,  J, 1 )  
CONTINUE 
DO 1 7 0  J = 1,NTOST 
SOLOUT(2)=SOLOUT(2)-ALVRT(J) *RN(J,  1 )  
CONTINUE 
SOLOOT( 2)  -SOLOUT(2) -A(NTOST) *RN(ITOST, l )  

DO 180 I E 1 ,3  
I F  (SOLIN ( I )  .GT.O.) GO T O  1 7 5  
DF(1) 50. 
GO TO 180 
COWTIRUE 
D F ( I 1  = n B S (  (SOLIN(I1-SOLOUT(1))  / S O L I N ( I ) )  
CONTINUE 
ADP = APlilXl(DF(1) , D F ( 2 ) , D F ( 3 ) )  

C I F  ADFPBDF (PERCENT STERDX STATE FOE CUBRENT TIHE INTERVAL 
C SANE AS PREVIOUS TI114 INTERVAL], TERUNATE CALCULBTICRS 
C 

IF(ADF.NE.BDF) GO TO 185 
CDPqADI 
GO TO 2 0 5  

C 
185 CONTINUE 

BDFs A O F  
X F ( I C ~ ~ . ~ 2 . 3 . X N D . D O P . L T . ~ . O O ~ )  DDF = 2.*UDF 
I F  (ADP.GT.DDP) GO TO 2 10 

c 

c 
C 90% STEIDY STRTE 

I F ( D D P . L T . 0 . 1 0 0 )  GO PO 1 9 0  
JK=K+IOO*ICEN 
PDF = 1 0 0 .  * (l .0-0DF) 
DDF 0.05 
GO TO 2 1 0  

C 
C 9 5 %  STEADY STRTE 
C 

1 9 0  CONTIMUE 
IP(0DF.LT.O.OS)  G O  TO 1 9 5  
J J K z K +  100*TCBN 
PPDP = 100. * (1.0-DDP) 
DDF = 0.010 
GO TO 2 1 0  

C 
C I F  99% STEADY STaTE A A S  BEEN RERCHED A N D  ICEN>O, PRINT T I B E  TNTERVAL 
5 A N D  PERCENT STEADY SThTE 
C 

1 3 5  CORTIROE 
I P ( I C E R . G T . 0 )  GO TO 2 0 5  

c 
C 
C 99% STEADY STATE A N D  ICBN=O 
C 

IF(DDP.LT.0 .010)  GO TO 200 
J J J K = K +  lOO*ICEN 
PPPDF = 100.* (1 .0  - DDF) 
DDF f 0.005 
GO TO 210 

C 
C I F  99 .5% S T A E D Y  STATE HAS B E E N  REACiED A N D  I[CEN>O, PBINT 
C T I R E  INTERVAL A N D  PERCENT STERDY STIITE 
C 

200 CONT'IRUE 
IP(ICEN.GT.0)  GO TO 2 0 5  

C 
C 9 9 . 5 %  STEiAEY STATE A N D  ICEN=O 
C 

IF(DDP.LT.O.005) W TO 2 0 5  
JJJJK=Ii + 100*ICEN 
PPPPDF = 100.*(1.0-DDF) 
DDF 5 0.001 
GO TO 210  

C 
205 CONTINOE 

U = K  
210 CONTINUE 

C 
C DEPERIIINE IP TINE INTERVAL I S  TO BE PRINTED 
c 

I P ( I P R . E Q . 0 )  GO TO 215  
I F  (IPR.EQ.-l.BND. ( K . E Q . Z O . O R . K . E Q . U O . O R . K . E Q . 6 O . O R ~ K . E Q . 8 0 . 0 ~ .  

1 K.EO.W)\ GO TO 2 1 5  
I F ( I P i . E Q ;  I.ANO.K.EQ.?I] GO TO 2 1 5  
G O  TO 2 5 5  

C 

C 
C 
C CONVERSION BACK TO VOLURE OAITS 
C 

215 CONTINUE 

DO 2 3 0  JZ1,RTOST 
I F ( B N  (d,  1) - 1 1 . 0 . )  
DENA=1.0*0.072U*X(l,  J. 2) +O. 13*X(Z.J,2) +0-0309*1(3.J,2)+ 

X(2,J ,2]  =X(Z,J ,Z) -EN ( J , 2 )  

1 0.031*X(4,J.2)  

3 7 2 0  
3 7 3 0  
2 7 4 0  
3 7 5 0  
3750 
3 7 7 0  
3780 
3 7 9 0  
3800 
3810 
38 20 
3 8 3 0  
38u0 
3850 
3860 
3870 
3880 
3890 
3 9 0 0  
3 9 1 0  
3920  
3930  
3 9 4 0  
3 9 5 0  
3960 
3 9 7 0  
3980 
3 9 9 0  
U O O D  
40 10 
40 20 
4030 
UOUO 
14050 
U060 
4070 
uoao 
4090 

4 1 1 0  
9120  
4 1 3 0  
4 1 4 0  
4150 
4 1 6 0  
U170 
4 1 9 0  
u 1 9 0  
4200  
4210  
4220  
1a230 
UZUO 
4250  
U 2 6 0  
u270 
4280 
u290 
4300 
9 3 1 0  
U320 
4 3 3 0  
U380 
4350 
4360  
U370 

U390 
4400 
44 10 
4420 
4U 30 
4rcu0 
UU50 
4460 
4 4 7 0  
uu 80 
4490 
4 5 0 0  
0 5 1 0  
4520 
4530 
4 5 3 1  
u5u0 
4 5 5 0  
4560 
4570 
4580 
4590 
U600 
46 10 
4620 
4630 
U6U0 
464 1 

a i  oo 

0380 



'doli= ( 0 .  2-0.0 15*TPROF (-7.2)) * ( 1  - 0 - 2 . 0 8  (Y ( l , J , 2 )  + T  ( 2  ,J, 2) ) / 

DEHO=? 
1 

1 O.O174*WOU 

TO-0. S*Y ( 3 ,  J, 2) /TO) *CTBP**l.69 
O+O.O97*Y ( l , J , 2 ) + 0 .  1 3 9 * 1 ( 2 . J ,  2) +O.OU3*Y(  3, J , 2 )  + 

AOLIT(J) = ( A ( J ) + A L V R T ( J )  )*DENk 
OOUT (J) = (0 ( J )  -0LVRT ( J )  ) *DEN0 
I F I I O U T . E O . 0 )  GO TO 2 2 0  
AQ6UT ( J ) = I A L V R T  (J)*DENR 
ORG@'JT(J)  =-OLVRT (J)*DENO 

DO 2 2 5  I = 1 , 3  
Y ( I , J ,  2 )  = X ( I , J , 2 )  /DENA 
Y ( I . J . 2 )  = Y  ( I ,  J ,Z)/DENO 

n o  coiaLmE 

2 2 5  CONTI3UE 
C 
C COHYERT TO G/L 

X ( 1 . J .  2 ) = X  ( 1 , J , 2 ) * 2 3 8 .  
Y ( 1 , J , 2 ) = Y  ( l , J ,  2) -238. 
X (2 ,  J ,  2 ) = X  ( 2 ,  J ,  2 )  *239.  
Y ( 2 , J , 2 ) = Y ( 2 , J , Z )  *239.  

C 
2 3 0  CONTINUE 

C 
C PRINf  X A N D  Y ON DISK (UNI'P 10) FOR CRLCOBP PLOTS 
C 

L=K+l  OO*icm 
DO 2 3 5  J=!,PTOST 
UBITE ( 1  1 )  
90 2 3 5  J J = 1 , 4  
C F A ( J J )  = A n h X l ( X ( J J , J J )  , C F R ( J J ) )  
C F O ( J J ) = A R A X l  ( Y ( J J , J , 2 )  , C P O ( J J ) )  

L, (X ( I ,  J ,  2 )  , 1 = 1 , 4 ) ,  ( Y  ( I ,  J ,  2 )  ,I= 1,U) 

235  CONTIJDE 
C 
C PRINTOUT FOR A GIVEN TIBS INTERVAL 
C 

PRINP l C 1 9  
DO 2 4 5  J = l , N T O S T  
I P ( J . G T . 1 )  G O  TO 2 4 0  
L=K + 1 00* I C E N  
PRINT 1020,L,J,(X(I,J,2),I=1,3),A0UT~J) 
IF (ALVRT(J) .GT.O.) PRINT I O Z 1 , I W V T ~ J J  
GO TO 2 4 5  

PRINT 1 0 2 2 . 5 ,  ( X ( i , J . 2 )  , I = 1 , 3 )  ,AOUT(J) 
I F  (ALVR T (J )  . GT. 0.) 

2 4 0  CONTiNIFE 

PBI AT 1 0 2  1 ,  AQOUT (J) 
2 4 5  CONTINUE 

PRINT 1 0 2 3  
DO 2 5 0  J = l , N T O S T  
L F ( O L V R I l J 1  .GT.O.I PRINT 1 0 2 l . O R G O R T f J ~  
PRINT 1 0 2 4 ,  J,  ( Y ( I . J . 2 )  , 1 = 1 , 3 i ,  O O U T ( J )  ,CODUP!(J), 

1 T P R O F ( J , 2 )  
2 5 0  CONTINUE 

C 
C 
C 
C IILSCMENT TIBE INTERVAL COUNTER 
C 

2 5 5  CONTINUE 
K=K+l 

C 
C 
C I F  K LESS THAN O R  EQUAL TC N,PERFORN STAGE CRKULATIONS F O n  ANOTHER 
C TIME INTZBVRL 
C 

C 
C 
C I P  SHUTDOWN ( I C a L C = O ) ,  BYPASS PRIXTOUT OF PERCEUT S T l a D l  S T I T E  
C 

C 
C 
C PRINT PERCENT STEADY STATE AFTER EVERY 1 0 0  TIME INTERVRLS 
C A N D  OTHZR CASES YHEN K = B  
C 

I F ( K . L E . 8 )  GO TO 1 4 5  

I F  ( I C I L C . E Q . 0 )  GO TO 2 6 0  

APDF = 1 0 0 . * ( 1 . 0  - RDP) 
PRINT 1 0 2 5 .  APDP 
IP(DDP.LT.O.1) PRINT 1026,PDF.JK 
I F  (DDP.LT.0.05) PRINT 1026,PPDP.JJK 
IP(DDP.LT.O.0 1 )  PRINT 1026,PPPDP.JJJK 
I P(DDF. LT. 0.005) PRINT 1026,PPPPDP,  J J J J K  
I P ( I O U T . G T . 0 )  PRINT 1027  

C 
C CHECK FOR CCNVERGENCE 
C 

C 
IP(ADF.NE.CDP) G O  TO 260  

PRINT 1 0 2 8  

I F ( H . L T . 7 0 0 )  GO TO 2 6 5  
ICEN=ICEN+l  
I P ( I C E N . Z Q . 1 5 )  GO TO 2 6 5  
GO TO 1 4 0  

? 6 0  CONTINUE 

C 
C CONVERT TOTRL n 0 L E S  I N  A N D  O U T  TO G/L A N D  PRINT 

U650 
4 6 5  1 
4 6 6 0  
U66 1 
0670 

15690 
4700 

4680 

4 7 1  0 
4 7 2 0  
4 7 3 0  
U740 
4 7 5 0  
4 7 6 0  
0 7 7 0  
4 7 8 0  
4 7 9 0  
U800 
4 8 1 0  
4 8 2 0  
4 8 3 0  
4 8 4 0  
U850 
4 8 6 0  
4 8 7 0  
4 8 8 0  
U890 
4 9 0 0  
4 9 1 0  
4 9  20  
4 9 3 0  
4 9 4 0  
4 9 5 0  
4960 
4 9 7 0  
4 9 8 0  
4 9 9 0  
5 0 0 0  
5 0 1  0 
5 0  20 
5 0  30 
5 0 4 0  
5 0 5 0  
5 0 6 0  
5 0 7 0  
5 0 8 0  
5 0 9 0  
5 1 0 0  
5 1 1 0  
5 1 2 0  
5 1 2 1  
5 1 3 0  
5140 
5150 
5 1 6 0  
5 1 7 0  
5 1 8 0  
5 1 9 0  
5 2 0 0  
5 2  1 0  
5 2 2 0  
5 2 3 0  
5 2 4 0  
5 2 5 0  
5 2 6 0  
5 2 7 0  
5280 
5 2 9 0  
5 3 0 0  
5 3 1 0  
5 3 2 0  
5 3 3 0  
53u0 
5 3 5 0  
5 3 6 0  
5370 
53 80 
5 3 9 0  
5 4 0 0  
5 4 1 0  
5 4 2 0  
5 4 3 0  
5uu0 
5 4 5 0  
5U60 
5U70 
54  80 
5 4 9 0  
5 5 0 0  
5 5 1 0  
5 5 2 0  
5 5 3 0  
5 5 4 0  
5 5 5 0  
5 5 6 0  



2 8 0  C O B T 1 I U E  
BEAD I03!4 ,TCHAGE,IDIF 
I F  (TOKF. EQ ~ 1) 
IF(IClfNGE.EO.0) GO T O  10 
LE ( K H t 4 G E . X Q .  7 )  STOP 

R E A D  1034, TCA1.C , T O W ,  I P R , I  FNCH , ICIILSL 

0 
c IY E C H N R E  ii 1 ,  NEW FBEU STBEAFI A N D  OUT CARD3 ARE REQUIRED FOB E h C R  
C P E E D  A N D  E X I T  S T R E R I , E V E N  TF NO CHANGE I S  HAOE. XU PROFILE CABDS 
C A R E  B E Q U I R Z U .  
c 
C T C H N G E = l  
C 
C I B I T - L I L  PROFILE I S  S E T  4s T N A T  AT E N D  O F  LAST CALCULATION. 
C 

T P B o = o  
no 1 9 5  1=1,(8 
DO 295 J=l,ITOST 
X ( % . J , 1  ) = x ( r . J . ? )  
819,J,  1 ) = Y ( I , J a 2 )  

2 6 5  COYTZNUE 
*.GO TO 20 

C 
C 

100 1 FORO.3T ( 1  G A 4 , / ,  F8.0 9 1 2 )  
i a o z  FISRNAT a ~ C R L C U L A T I O N S  POR A SOLVENT ZXTRACTIOR P R G C E S S * ,  

1 ' F i R V I N G  3 I$lTPERACTING SOLUTE5'e 16X. 10A4) 

1 'PPLflTflNSOK'.6X.'~NWQ3'.6X.'  S a t T  NO3 a , , 3 X . ' F L O U  RATE'"6X. 
1003 P O R t l A T ( ' O F E E D  STREAII DIT1',16X,'STAGEs,3X,'URANIUA',SX. 

5570 
5580  
3590 
5600 
SEI 0 
5620 
5630 
5 6 8 0  
5 6 5 0  
5660 
5670 
5680  
5690 
5700 
57 10 
5720  
5 7 3 0  
5740 
5750  
5760 
5770 
57 50 
5790 
5t)00 
5810  
5820 
5 1 2 1  
5830 
58u0 

58h0 
5n50 

5 9 7 0  

5890 
5895 
5900 
59 10 
5920 
5930 
5940 
5950 
5960 
5970 

5Y90 
6000 
60 10 

60 12 
6013  
6014 
6015 
6020 
6030 
6040 
6050 

5800 

59n0 

6060  
606 1 

607 1 
6072 

6070 

6073 
6080 
6090 
6 0 9 1  
6100 
59 10 
6111 
6120  
6 1 2 1  
6130  
6 1 3 1  
6132 
6133 
6134 
6140  
6150 
h151 
6160 
5161  
6770 

61rt 
6 1 9 2  
6183 

61 90 
6200 
5 2 0 1  

6tn0 

61n5 

€ 2  02 
6203 
E Z O U  
6 2 1 0  
6220 
5 2 2 1  
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10 1 9  POREERP (/ / / ,31X. 'LQUEOOS PHASE' , / , 3 X ,  ' T I M E ' , 4 X ,  'ST A G E ' ,  
1 3X.  ' U R A N I U U '  , 3 X ,  'PLUTOHIUN' , U I , ' H N 0 3 '  ,5X, 
2 'FLOW OUT'./ . '  INPERVAL'.3X.*fJO.'.TiY.* 16A.1 1 .  

3 6X.'  ( G / L ) ' ; j X , ' ( U ) ' , 5 X , ' O P  6 l ' A G E I i  ' '- ' - '  * 
1 0 2 0  FOEdfiTZ l X , I 1 , 7 X , I 2 , 2 X , 4 ( 2 X ,  1 P E 9 . 3 ) )  
1 0 2 1  P O A n A T 1 1 2 X . 3 ( l O X . ' * ' I  .SX. l P E l 0 . 3 )  
1 0 2 2  F O R K a T E 1 2 X ; I 2 , 2 X ; S ( Z X ;  l P E 9 . 3 ) ,  1 3 i O B 9 . 3 )  
1 0 2 3  PORflAT [/, 31X, 'ORGLNIC PHASE',/ ,  1 l X .  'STAGE' , 3 X ,  

1 'URANIU~',3X,'PLOTONIU~',~X,'~~O~'~5X,'FL~~ O U T ' ,  
2 6X,'ITTRX-',2X,'TE~P',/,12X,'NO.',5X,'(G/L) I ,  

3 6X. ' (G/L) ', 7X. (a9 1 ,  5X. 'OF STIIGE' ,6X. 'TIONS" ~ 3X ,' DEG C '  ) 
1 0 2 4  F O R f i A T ( 1 2 X , I 2 , 2 X , 4  (2X. 1 P E 9 . 3 )  ,6X,OPF3.0.4X.P4. I )  
1 0 2 5  F O R B h T ( ' O ' , P 7 . 2 , '  PERCENT S P E i l D l  STATE BI OVERALL MATERIAL', 

1 0 2 6  FCRUAT( '  ' , F 6 .  1,2X. 'PERCENT OF STEADY STATE AFTER T I H E ' ,  

1 0 2 7  FORMAT( 1 8 0 . '  * S I D E  STREBn REHOPZD FROlf INTERSTAGE BLOW BETWEEN 

1 0 2 8  T O 1 ' i P r  f lHO,'CALCQLATION TERHINBTED B Y  CONVFUGEWCE AT INDICATED - S 
1 0 2 9  FORMAT(/,' TOTAL G/L U R A W I U H  I N : ' . 2 X , l P E 1 1 . 4 ,  

1 0 3 0  F O R U A T ( '  TOTAL G/L PLUTONIUM I N : ' ,  I P E l l . 4 ,  

1 0 3 1  PORUAT( '  TOTllL BOLES HN03 I N : ' . 5 X . l P E l l . U .  

1 I B A L A x c E t )  

1 ' I N T E R V L L ' , I 6 )  

l T H E  INDICATED STAGES. ' )  

lTEADY S l A T E .  ' )  

1 ', O U T : ' , E l l . U )  

1 I ,  O U T : ' , E l l . U )  
. .  

1 ', O U T : ' , E l 1 . 4 )  
1 0 3 2  r o ~ t i n ~ g / , '  n i v u m s / T m E  I ITERVRL:  * , ~ 7 . 3 1  
1 0 3 3  FCRaAT(Z(Fs.6.F8.7,F8.6),FE.U) 
1 0 3 4  ? O R n 4 1 ( 5 1 2 )  

C 
C 

END 

6 2 3 0  
6 2 3 1  
6232 
6233 
6 2 3 0  
6 2 5 0  
6260  
6 2 7 0  
6 2 7 1  
6 2  7 2  
6 2 7 3  
6 2 8 0  
62 90 
6 2 9  1 
6300 
6 3 0 1  
6 3 1 0  
6 3 1 1  
6 3 2 0  
6 3 2 1  
6 3 3 0  
6 3 3 1  
6 3 4 0  
6 3 4 1  
6350 
6 3 5 1  
6360  
6 3 7 0  
6 3 8 0  
6390 
6 4 0 0  
6410  

SUBROUTINE PR O F 1  E P R O F I  1 0  
COflilON/PRO?/ I P P O . X ( 4 , 2 5 , 2 ) , Y  ( 4 , 2 5 , 2 ) , X P D ( 4 , 2 5 )  . Y P D ( 4 , 2 5 ) ,  P R O P I  2 0  

1 T P R O T ( 2 5 . 2 )  , A F D T E H ( 2 5 )  ,OFDTEM(25) P R O P I  2 1  
COflflON/FEED/ NTOST,APDRT ( 2 5 )  , O F D U T ( 2 5 )  P R O P I  3 0  

C P R O P I  4 0  
P R O P I  50 C D E F I N E  FEED STREAflS 

C I = STAGE NUMBER THAT FEED ENTERS JHAS = 1 FOR lQUEOUS PEED P R O P I  60 
C PDRT = PEEC PLOW RATF (VOIUME UNITS)  0 FOR CRGANIC EEED P R O P I  7 0  
C C O N l  = U S A N I U U  CONTENT I N  G/L INDEX = 1 I F  R O R E  PEED CARDS FGLLOl  
c C O N ?  = PLUTONiUn C O N T E N T  IN G/L 0 FOR LLST CARU 
C CON3 = ACID HOLARITY TEMP = TEUPERATURE I N  DEGREES C 
C CON& = NITRATE nOLARITY FSO'r INEXTEACIABEE SALTS, INCLUDING THE ?%DUCTANT 
C E N T X  PU REDUCTANT NORMAIITY AS NEGATIVE PO CONCENTRATION. PROF 1 2 0  
C PROF 1 3 0  

PROF 1 4 0  
REPIDIS. 1 0 0  1) 1,JAh.S. FDRT,COH l,C0N2,C0U3,TEt!P,INDEX ,CON4 PROF 1 5 0  
I F ( J H A S . E Q . 1 )  GO TO 70 PROF 1 6 0  

C PROF 1 7 0  
C ORGANIC PFED PROF 1 8 0  
C 

1 0  CONTlPEUf 

OFDRT ( 5 )  =FDRT 
I P ( 1 2 P I P . E Q . O . )  GO TO 7 5  
OPDTEM(1)  = TENP 

Y P D ( 1 . I )  = CONl 
Y F D ( 2 . I )  = CON2 
Y F D ( 3 . I )  = CON3 
Y P D ( 4 , I )  = CON4 
GO TO 3 0  

1 5  CONTiNlrE 

C 
C AQUE00' FEED 
C 

2 0  CONTTNUE 
I \PD"T(T)  = PDRT 
I P ( T M P . E Q . 0 . )  GO TO 2 5  
A P D T E A j I )  = TERP 

X P D I 1 , T )  = COAl 
X F D ( 2 . I )  = CON2 
X P D ( 3 , I )  = CON3 
X P D ( 4 , I )  = CON4 

2 5  C O N I I d U E  

C 
C UORE C A R D S ?  
C 

30 CONTINUE 
I F ( L N U ~ X . E Q . I )  GO T O  1 0  

C 
C 
C CHECii FOB YC! l -ZERO T N I T I h L  PROPLLE 
C 

C 
C HOa I P R O  = 0. TAE ZERO P R O P I L B  IS &LREhDY I N  X AND Y A H R A Y S  

I P ( I P R Q . G T . 0 )  GO TO 40 

PROF 1 9 0  
PROF 200  

PROP 2 2 0  
PBOF 2 3 0  
PROF 2 4 0  
PEOP 2 5 0  
P a O F  260 
PROF 270 
PROP 260 
PROP 290 

P a o e  2 1 0  

PROF 300 
PROP 3 1 0  
PROF 3 2 0  
PROF 3 3 0  
PROF 340 
PROF 350 
PROF 360 
PROF 3 7 0  
PROF 3 8 0  
PROF 390  
PROP 400 
PROF 9 1 0  
PXOF 4 2 0  
PROF 4 3 0  
PROF 440  
PROF 4 5 0  
PROP U60 
PROP 4 7 0  
PROF 4 8 0  
PROP 4 9 0  
PROP 5 0 0  
PROF 5 1 0  
PROF 520 
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C PROF 
30 3S S = l , N ' I O S T  PROP 
TPBOP (Y I I )  =AFDT@tl [ I )  P R O P  

35 C O N T K B U E  PROF 
SETUR4 PROP 

C PROF 
C FOR A N O I - Z F S O  I N I T T I I  PROTXLF, V A L U E S  ARE I O U  R E A U  PRGF 
c PROF 

-40 CONTTVUE PROF 
DO 45 J-1 .NTOST PROF 
R E A D  (5 ,  1002) (X ( I s Y c  I )  #1~1,3) e (Y G e J ,  1) ,T=I# 3 )  ,TPROP (J ,  1 )  ,X (4. J, 1) PROF 

Us CONTLNiJE PROF 
C PROF 
r: PBOP 

1901 F O R f l k T (  i12 ,5P9.CJ112,FB -0) PROP 
I C 0 2  F O R S P T  (8P8.0)  PROF 

c PROF 
c PROF 

RLTlJXry P%OF 
E N D  PROF 

IT [ T r s O P i J , I )  .EO.O.) T P R O P ( Y , t ) = 2 5 . 0  PBOP 

C 
TFITOUT.EQ.0) GO TO 2'5 

C 
C R E A D  O U T G O I N G  STRERtl  BAT8 
C 
c 

10 C O N T I T I I E  
RBAD 1001  ~ I ,  JRAS, eTHT I INDEX 
I F ( J H A S . E Q . ! )  m m 15 

r 
C Q B G 4 N X C  S T H E R M  
C 

CJLVRT [T) =OTRT 
GO M 2 0 

C 
C A Q U E O U S  STR??.fl 
C 

15 CONTTNlIE 
ALPRT ( I )  =OT9T 

C 
(3 PiORE CARDS? 
P 

20 I'ONTTlUE 
I F  (1XDEX.EQ. 1) GO TO 10 

C 
C V E  BO NOT P R D V I D l ?  FOR R E T O R N I N G  S T R E l l S  
C 
C 
C SET AQUEOUS ANI) O R G A R I C  INTERSTAGE FLOW 
C 

25 COWTIRUB 
DO 35 I = l , N T O S T  
I P ( I . G T . 1 )  GO TO 3fl 
A (  1) =RFDRT(  1) -8LVRT (1) 
0 i NTOST) =O?DRT{NTOST) -0LVRT (ATOST) 
GO TO 35 

30 CONTINUZ 

S U B R O U T X I F :  F L O V S  (STVOL) FLOUS 10 
C O B A O N / P L R S /  IRATIO,  I O  OT,IVOL,AECX(25) . T i B U G E , A L Y R T  (25) , O I V R T (  25) FLOUS 20  
COflHOF!/rEEU/ ATflST.APGRT(25) , O F D R T ( 2 S )  FLOWS 30 
CCJHflrJN/kEC/ A(25) .0(25) ,RRI'3(25)  ,RCYCA(LS) .pCYCO(25)  FLOWS 40  
DIIENSTON STVOL ( 2 5 )  FLOWS so 

C FLOUS 60 
C QEfTYE O U T G C I W  STREAMS OTHEB T H B N  AQUEOUS RBFPINRTE: AND ORGRNXC PRODUCT 
c : =  S T A G E  NOIIBEF: THAT S T R E h l  LEAVES JBAS = 1 €OR AQUEOUS STREAU 
C I i lDLY - I I F  f l G R E  CARDS FOILQU 0 FOR ORGANIC S P R E R H  

C { P l O a i S  C T V C N  I N  S O I U T E - F B E T  YOLUHE UNITS) FLOU 110 
C FLOW 1 2 0  
C ILOU 130 
i CHECK F O R  C O T G O I N G  STRERHS IIOOT~O-NO.IOUT--l-~ES) 2LOB 140  

FLOU 150 
FLOW 160 
PLQW 170 
PLOU 180  

?LON 200 
PLOW 210 
PLOW 220 
FLON 230 
FLOW 240 
PLOW 250 
FLOU 260 
FLOW 270 
FLOW 280 
PLOW 290 
FLOW 300 
FLOW 3 1 0  
FLOU 320 
FLOW 330 
FLtW 3UO 
FLOW 350 
FLOW 360 

FLOW 380 
PLOU 390 
FLOW 400 
FLOW 4 1 0  
FLOU 420  
PLOW U 3 0  
FLOU 040 
PLOW 4 5 0  
FLOW (160 
PLOY 470 
FLOW 480 
FLOW U 9 D  

PLOW 510 
'LOU 5 2 0  
FLOU 530 
PLOW 540 
PLOW 550 
FLOR 5 6 0  
PLOW 570 
FLOU 580 
FLOW 5'30 
SLOW 600 
PLOW 6 1 0  
PLOW 6 2 0  
PLOU 630 
FLOW 6 U O  

C 0 ?OR LAST CRRD OTRT = EXIT FLOW PETE (VOLonE U N I T S )  

Ftoa 190 

P L n u  370 

PLOY 5ao  

530 
5 6 0  
550 
560 
570 
580 
'590 
600 
6 10 
620 
6 3 0  
64 0 
650  
6 6 0  
670 

690 
700  
7 10 
720 
7 3 0  

680 
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r,.onlix = 0.0 
K = l  
I F ( I R A T I O . E Q . 1 )  GO TO 50 

C 
C D B i l k E  PHASE R A T I O  hHEN IRATIO=O,PHASE RATIO=FLOU RATIO 
C 

DO 4 5  I = l , N T O S T  
RAIO ( I )  

45 CONTINUE 
GO TO G O  

= (ALVRT (I) +A ( I )  ) /  (OLVRT ( I )  4 0 ( I )  ) 

C 
C DO NOT REDEFINE PHASE R h T I O  I F  ICHNGEXI 
C 
50 CONTINUE 

I F ( I C H N G E . E Q .  1) GO TO 70 
C 
C D E F I N E  PHASE RATIOS UHEN I R A T I O = l ,  PHASE RATIO5 DO NOT EQUAL 
C FLOY R A T I O S  
C I=NUHBER O F  STAGES HAVING P H a 5 E  R I T I O  SHOYN 
C 

READ 1 0 0 2 , I . R R T I O  
I=K+I-I 
DO 55 J=K,I 
f i L I O ( J )  = RATIO 

1 P l I . E O . N T O S T )  G O  TO 70 
K = I + 1  
nt? PO so 

55 CONTINUE 

C 
C CILCIJLRTE NECESSARY RECYCLE PLOYS 
C TYPE 1 I S  RPCYCLE OF ONE PHASE ONLY, TO SIPISFY PHhSE RATIO 
C USED UHEN I R A T I O  = 1 
C TYPE 2 IS RECYCLE OF BOTH PHASES YITH PHASE RATIO R A I O ( 1 )  
C TO RLLOU TOTAL STAGE PLOY TO ZQUAL FLORAX 
C USED PHEN IVOL = 0.2 
C RZCYCLE VOLilMW A N D  R A T I O S  ARE SOLUTE-FREE VALUES 
C 
C 
C 
C CALCULATE FLOTOT,AECY,AND FLOHlX € O R  I R A T I O = O ;  IVOL=O.2 ,3  
C F O R  IVOL-1.  REEY S F T  TO 0 . 0  
C PLOTOT - TOTAI FLOU LEAVIBG STAGE 
C P I , O R L X  - GREATEST TOTAL FLOU PROM B STAGE 
C 

60 C O H T I I I I E  
I F ~ I V O L . E O . 1 I  G O  TO 1 0 0  
DO 65 I=I;WTOST 

R E C Y ( i )  = FLOTOT 
FLORPX = @.HAY 1 IFLOTOT.FLOHRXi 

PLOPOT = A L V R T I I )  + A ( 1 )  + OLVBT(1)  4 O ( 1 )  

6 5  C O i l T I l U E  
I F ( L W i . E Q . 0 )  GO TO 90 
I F ( I V O L . E Q . 1 )  GO TO 100 
I F  ( I V O ~ . E Q . 2 . O R . I Y O L . E 0 . 3 )  GO TO 1 1 0  

C 
C CALCULATE FLOTOT. BClCA,  BCYCO, R ECY, P L O B B P  FOR iR k T I O =  1 
C A N D  I P Q L = Q , 1 , 2 , 3  
C A T i  . TOTAL AQUEOUS FOLU LEAVING A STAGE 
C OPL . TOTRL ORGANIC FLOW IEAVINC A STAGE 
C RPL - RATIO OF AQUEOIJs T O  ORGANIC FLOW LEAVING A STAGE (APL/OPL)  
C ECYCi  - h Q U E O U S  RECYCLE TO S a T I S P Y  PHASE R A P I C  

C 
c R C Y C O  - O R G ~ N I C  RECYCLE T C  s m T s t r  PHASE RATIO 

70 CONTINUE 
DO 85 I = l , N T O S T  
ATL = ALVRT(1)  + A (I) 
OPL = OLVRT(1)  + O(1) 

RPL = AFL/OPL 
FLOIOT = a n  4 OPL 

C 
C COLI?ARISON CP PLOW RATIO (RPL) T O  PHASE RATIO ( f i A I 0 )  
C 

I P ( H F L . G T . R B I O ( 1 ) )  GO TC 75  
IP(RPL.EQ.RIIO(1)) GO TO 80 
PLOTOT=FLOTOT*(RIIO (I) 4 1 . 0 )  / ( R ? L + l .  0 )  
B C Y C A I I )  = PLOTOT - a F i  - OYE 
GO TO ' 8 b  

15 CONrINiJE 
FLOTOT:PLOTOT*BFL* (R.410 (I) + 1 . a ) /  (RAIO (I) * ( R F L t  1 .O)) 
RCYCO(1)  = PLOTOT - APL - O P L  

80 C o N r r a u ~  
RECY (I) =FLOTOT 
2LOf lBX = ARIXl(FLOTOT,FEOBBX) 

85 CONTINUE 
I- 

PLOY 650 
PLOY 660 
PLOY 670 
PLOU 6 8 0  
PLOY 6 9 0  
PLOU 700 
PLOY 1 1 0  
PLOY 7 2 0  
PLOY 130  
PLOU 7uo 
PLOY 1 5 0  
PLOY 760 
FLOY 770 
FLOW 180 
PLOY 190 
PLOY 800 
PLOY 8 1 0  
PLOY 8 2 0  
?LOU 830 
PLOY B U O  
PLOY 850 
PLOW 860 

PLOW 880 
FLOW 990 
PLOY 9 0 0  
FLOU 9 1 0  
PLOW 920  
?LOU 930  
PLOW 940  
FLOli 950 
FLOU 960  
PLOW 910 
PLOY 980 
PLOW 9 9 0  
PLO 1 0 0 0  
PL13 1 0 1 0  
FLO 1020 
PLO 1030 
PLO 1 0 4 0  
EL0 1050 
PLI) 1 0 6 0  
PLO 1 0 7 0  
FLO 1080 
PLO 1 0 9 0  
FLO 1 1 0 0  
FLO 1 1 1 0  
PLO 1 1 2 0  
FLO 1 1 3 0  
FLO 1 1 4 0  
FLO 1 1 5 0  
FLO 1 1 6 0  
PLO 1 1 1 0  
PLO 1 1 8 0  
PI.O 1 1 9 0  
PtO 1200 
PLO I 2 1 0  
PLO 1220 
PLO 1230 
FI.0 1 2 4 0  
FLO 1250 
PLO 1 2 6 0  
P t O  1270 
PLO 1280 
PLO 1290 
PLO 1300 
FLO 1 3 1 0  
FLO 1 3 2 0  
FLO 1 3 3 0  
PLO 1340 
PLO 1 3 5 0  
PLO 1360 
FLO 1 3 7 0  
PbO 1380  
PLO 1 3 9 0  
FLO I U O O  
PbO 1 h 1 0  
P L O  Ill20 
PLO 1430 
FLO 1&40  
PLO 1450 
PLO 1 4 6 0  
PLO VU70 
PLO 1480  

PLOW a70 

PLO 1490 
C FLOHAX CONTATNS THE L A R 9 F S T  TOTAL PLOW PROR A STAGE - STACES HhVIHC APLO 1 5 0 0  
C TOTAL FLCC LESS THkN PLCHAX BUST E X H I B I T  RECYCLE PLO 1 5 1 0  
C O F  TYPE 2 FLO 1520 
C PLO 1530 

PLO 1 5 4 0  IP(LYOL.EQ.O) G O  TO 90 
IP(IVOL.EQ.?) GO TU S O 0  F t O  1550 
I P ( I V O L . E Q . 2 . O R . I V O L . E C . 3 )  GO TO 1 1 0  PLO 1 5 6 0  

C ?LO 1 5 7 0  
C IVOL=O: I R R X O = O ,  1 PLO 1 5 8 0  

SO CONT'PNIIE PLO 1 5 9 0  
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100 COWTXNIJB 
DO 105 I = l , N T O S T  
RETY(T) = 0.0 

BETURl 
90'4 C O R T I W E  

C 
1- UtVI'EHBI'IE STIlGE VOLORE 
i STAGE VOLURFB ARE ZERO FQF IVOL-0.1 
rJ 
r 
C I F  ICNNGE=O, REID STAGE VCLUPlES 
C I F  iCHNGL=I ,  BYPASS READING O F  STAGE VUIUHES 
C 

110 CONTIIUF: 
I F ( I C d V G F . E Q . 1 )  GO TO 125 

IF( lPQL.EQ.2)  GO El 1 2 0  
C 

c 

C LXATIO-0,l 
C 

c X V U L = ? ;  S T ~ G E  VOLUKES A Q E  w u a L  E.ND SPECIFIED 

X P R D  1 0 0 3 , V O L  
DO ( 1 5  J = l . U T O S T  
JTYOL (J) =VCL 

G O  TO 1 2 5  
1 1 s  COWTIElUE 

C 
C IVOL=2; TTiiGE VOSUMF'? ARE TNDEPENDEUTLY UNEQUAL 
c 

170  C O B T T N U E  
READ l O O U ,  (STIOL ( J )  , J =  1 , U T O S T )  

C 
C STaGE VOLURES RRE SOLUTE-FREE VOLUHES 
c 
C 

FLU 1600 
PLO 9610 
PLO 1 6 2 0  
PLO 1 6 3 0  
FLO 16UO 

FLO 1660 
PI.0 1670 
FLO 1680 
PLO 1690 
PLO 1700 
?LO 1710 
PtO 1 7 2 0  
FLO 1 7 3 0  
PLO 1740 
PLO 1750 
FLr) 1760 
H.0 1770 
PLO 1780 
PLO 1790 
PLO 1800 
PLO l a l o  
FLO 1 8 2 0  
PLO 1830 
FLQ 1890 
FLQ 1850 

PLO 1850 
PLO 1880 
PLO 1890 
?LO 7900 
PLO 1910 
?'LO 1920 
PLO 1 9 3 0  
PLO 1 9 Y O  
PLO 1 9 5 0  
F1.0 1960 
FLQ 1970 
FLO 1980 
FLO 1990 

FLO 2010 

FLO a650 

PLO 1860 

PLO 2000 

FLO 2a20 
C CALCULATE LENGTH OF' T T W  TNTERVAL(T1KXU) A N D  HECI P a R  TVOL=2.3 YLO 2030 

PLO 2 0 u 0  C 
1 2 5  

alp0 

13s 
C 
C 

10%) 1 
1002 
1003 
TO!?& 

C 

C 
c 
C 
c 

C 
C 
C 
.c 
i: 
c 
C 

- 

R E T U R B  
3'WD 

'VOL (I) 

SOEHOIJTINF STAGES (SPR) 
DI(IE\ISICW A I N ( U ]  , O I N ( 4 )  
C O U K O N / S T G S /  NSOLO.CQDVPI(25) . aR(25)  ,OH(25) , A T i Z 5 )  .OT(2S) 
COSKDN/PEEC/ NTOST,APDRT(ZS) , O P D R T ( 2 5 )  
CO?ItlOB/kROF/ IPRO.X(Q.25.2) ,Y (4,25,2) ,XPD(4,2S)  .YPD(Ls ,2S) ,  

COKBON/REC/ A(25) , 0 ( 2 5 )  , R A T 0 ( 2 5 )  .BCYCA(%fi) ,BCYCO(25) 
COHHON/DIST/ CTBP,ARI(U)  .DTRY (U) ,TO, RW(L5,2) ,RNFD (25)  

1 TPROF ( 2 5 . 2 )  .AFDTEM(25) ,OFDTER(25)  

PERPQRK STIGE CALCULATIONS POR CURWBllT T'XRE I A P E R V I L  - CONSIDER 
LNPUTS PROH hDSRCERT STAGES, FEED STi?EB(IS, AND L105T XHPDRTANTLI 

HECYCLE WITHIN THE STAGE - RECYCLE A RESULT OF STAGE PLQU BEING 
LESS TYAN FLOMlX (TYPB 2 )  hND PBASE RATIO ROT EQUAL TC FLOU 

R A X Z Q  (TYPE 1) 

A 8  - AQOEOVS RBCPCtE T O  F I L L  STAGE 
OR - ORGANIC RECYCLE T O  F T L L  STAGE 
RCYCl - LOUEOUS RECYCLE TO S h T I S F Y  PHASE RATIO 
AClCO - ORGANIC RECYCLE T t  S A T I S F Y  PHASE RATIO 
BT - m r R L  ~ Q U B O U S  PLOW W T T H T N  A STAGE ,, 

PLO 2050 
PLO LO60 
ELQ 2070 
FLO 2 0 8 0  
PLO 2 D 9 0  
FLO 2 1 0 0  
FLO 2110 
ILO 2 1 2 0  
PLO 2 1 3 0  
PLO 2 1 4 0  
FLO 2 1 5 0  
PLO 2160 
FLO 2 1 7 0  
FLO 21RO 
PLO 2190 
PLO 2200 
FLQ 2 2 1 0  
PLO 2 2 2 0  
FLQ 2230 
PLO 2 2 0 0  

S T l G E  10 
STAGE 20  
STAGE 30 
STAGE 40 
STAGE 5'0 
STAGE 5 1  
STAGE 60 
STAGE 70 
STAGE R O  
STAGE 90 
STAG 100 
STAG l Q 0  
smaf i  1 2 0  
STAG '130 
STAG 190 
STAG 140 
STAG 160 
5 r l G  170 
STAG 180 
STAG 190 
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C T O T I L  AQUEOUS SLOW LEAVING A STAGE + hQUEOUS RECYCLE 

C O T  - TOTAL CRGI\NIC FLOW WITHIN R STAGE = 
C TOTAL ORGANIC PLOY LEAVING A STAGE + OEGANIC RECYCLE 
C TO F I L L  S l b G E  + ORGANIC RECYCLE TO SATISFY PHASE RATIO 
C XFD - AQUEOUS FEED COAT8dT OF STAGE 
L Y E B  - ORGANIC PEED CONTENT OF STAGE 
C AFDRP - AQUPOUS STAGE PLOY R l T E  
C OFDRT - ORGANIC STAGE PLOY RATE 
C X - SOLUTE CONCEATRLTION PI( IIQUEJOS P H h S E  POR A GIVEN STLGE 
C Y - SOLUTE COWCEWTRAPlON I N  ORGANIC P H l S E  POR A GIVEN STAGE 
C AFDTEU - TERPkRLTURE OF ACOEDUS FEED 
C O P D T C U  - TEMPERATURE OF ORGANIC FEED 
C T P l O P  - TEMPERATURE OF SOIUTE I N  A GIVEN STAGE 
C A n i  T R I A L  AQUEOOS PHASE CUMPOSITION 
C DTRY - D I S T R I E O T l O h  R A T I O S  

C TO F I L L  STAGE + LQUEOUS RECYCLE TO SATISFY PHASE R A T I O  

DO E 5  J = l , N T O S T  
JJ = J - 1  
J . 7 J =  J + 1  
I F ( J . G T . 1 )  G O  TO 10 
EN (J, 2 )  =(APDRT {J) *RNPD (J)+ ( A R  ( J ) + R C Y C A ( J )  j * R N ( J , l ) )  / A T ( J )  
GO TO 1 5  

R N  (J, 2)  = ( A F U R T ( J )  *RNTD (J)+ ( A R  ( J )+RCYCA ( J ) )  * R B ( J , l )  
10 CONTINUE 

t 

1 A ( J J )  * R N ( J J , I ) ) / L T ( J )  
1 5  CONTINUE 

DO 00 I = l , N S O L U  
I F ( J . G T . l )  GO TO 20 
A I N ( 1 )  = A P D H ~ ( J ) * X F D ( I , J ) + ( A R ( J ) + R C ~ ~ ~ ( J ) ) * X ( I , J , l ]  
GO TO 2 5  

70 CONTINUE 
A I N ( I ) = A P D R T ( J )  * X F D ( I , J )  + ( A R ( J ) + R C r C A ( J )  

1 a ( J J )  * X ( I , J J , l )  
2 5  CONTIBUE 

I P ( J . F Q . N T O 5 T )  GO TO 3 C  
O I N  ( I )  =OFDAT ( J )  *YFD ( I ,  J)  + ( O R  (J) +RCYCO (J) 

GO TO 3 5  
30 C O N P I N U E  

O I N  ( I )  =CPDRT (51 a Y P D ( 1 . J )  + (OR (J) +RCYCO(J) 
35 COBTIBUE 

A I N  ( I)  = L I  N ( I )  /RT (J)  
OIN ( I )  = OIN ( I )  / O T  (J) 
A R Y  (I) = X ( I . J .  1) 
I P : R S Y ( 2 ) . L T . O )  A R P ( 2 )  = ( A I N ( 2 ) * R A I O ( J )  
A R Y ( 4 )  = AIN(LI) 

I P ( J . G T . 1 )  GO TO U5 

1 O ( J J J ) * Y ( I , J J J , l )  

UO CONTINUE 

* X ( I , J , l ) +  

* Y ( I , J , l ) +  

* Y ( I . J . l )  

A H T ~ W = A ~ C ~ T ( J ) * A P D T E H ~ J )  + ( A R ( J ) + B C S C A ( J ) )  * T P A O P ( J , I )  
GO TO 5 0  

4 5  CONTT?4OE 
A H T I r = i r r P T ( j ) . A F D T E a ( 3 )  + ( A R  ( J ) + R C T C A  (J) ) *TPROF ( J , O  + 

1 A(JJ) tTPROF(JJ.1) 
50 CONTINUE 

I P ( J . E Q . N M S T )  GO TO 5 5  
O H ' i i N = s P : i a j o F U R T ( J )  *OFDTEH(J)  + ( O R ( J ) + R C Y C O ( J ) ) *  

GO TO 6 0  
55 CONTINUE 

O H T I a ' ~ ~ H t ~ O ~ n R T ( ~ ) * O F D ~ E H ~ J )  + ( O R ( J ) + R C I C O ( J ) ) * T P R O F ~ J ~ ~ ] )  
60 CONTINUE 

1 TPROP C J , l ) + Q ( J J J ) * T P A O P ( J J J ,  I ) )  

TPROP ( 5 . 2 )  =(AHTINIOHTIW~/(BT(J)~SPY~OT~J)) 
T E U P C r T P B O F  ( J , 2 )  
ccs = 0 . 0 0 1  

L 

C HDEX I S  THE F I T  COUNTER 
C 

c ncK 1s T A E  ITERATION C O U N T E R  

flex = 0 
65 CONTINUE 

UDEY = 0 
C 
C U C O R  CALCULATES D I S T R I B U T I O N  RATIOS (DTRY) FOB EACH TPIAI .  AQUEOUS 
C CONPOSITION ( A R Y )  AT THE STAGE E Q U I L I B R l D N  TENPERATURB (TEOPC) 
C 

CALL UCOR (TEI1PC.J) 
DO 7 0  I = l , N S O L O  
T S I N  = R I N  (I\ * R A I O ( J \  + O I N  (11 . .  
IP(PSIN.LT. 'O:) D T R Y ( I )  = 0. 
D T R Y ( U )  = 0. 
X ( I . J . 2 )  = T S I N / ( R R I O ( J )  +DTRY ( I ) )  
I P ( X ( I , J , 2 ) . L T . l . E - 6 )  ti0 'K9 7 0  
D I =  ( X  (I ,  J ,  2) - A R Y  (I) 9 /X ( I .  J.2) 
D I P  = A B S ( D 1 )  
AEY ( I )  = X ( I , J ,  2 )  
I F ( D I P . L E . C C D )  GO T O  7 0  

C 
C UDEX CQll3TS NUUBER OF SOLUTES TBAT NOT CONVERGED 
C 

NDEX a HCEX + 1 

K R  = MCK + 1 
7 0  CONZINUF 

C 
C ALLOY ONLY 2 0  ITERATIONS 
C 

m.e 200 
S T P G  210 
STAG 220  
S T l G  230 
STAG 240 
STAG 250  
ST8.G 2 6 0  
S T l G  270 
STAG 280 
STAG 290 
STAG 300 
STAG 310  
STAG 3 2 0  
STAG 3 3 0  
STAG 3 4 0  
STAG 350 
STAG 3 6 0  
STLG 370 
STAG 380 
STaG 390 
STAG 400 
STXG 4 1 0  
STAG 420 
STAG 430 
STAG U 3 1  
STAG 4 4 0  
STLG 4 5 0  
STAG 4 6 0  
STIG 4 7 0  
STAG 4 8 0  
STAG 490 
STAG 500 
STAG 501 
STAG 510  
STAG 520 
STAG 530 
STRG 531 
STAG 540 
STAG 550 
STAG 560 
STAG 570 
STAG 500 
STAG 590 
STIG 600 
S T R G  6 1 0  
STAG E 2 0  
STAG 6 3 0  
STAG 640 
STAG 650  
STAG 6 6 0  
STAG 6 7 0  
STAG 6 8 0  
STAG 6 8 1  
STLG 690 
STAG 7 0 0  
STAG 7 1 0  
SIAG 7 1 1  
S T I G  720 
STLG 730 
STAG 740 
STLG 750 
STAG 7 6 0  
STAG 770 
STAG 780 
STAG 790 
STAG 800 
STAG 9 1 0  
STAG 420 
STAG 830 
STAG 8 4 0  
STRG 850 
STAG 860 

STBG 880 
STAG E90 
STAG 900 
STAG 910 
ST16 920 
STkG 930  
STAG 940 
STAG 950 
STAG 960 
STAG 970 
STAG 900 
STAG 990 
STA 1000 
STR I010 
STA 1020  
STA 1030 
STA I 0 4 0  
STA 1050 
STA l o b 0  
STA 1070 
STA 1080 
STA 1090 

PHRSE 



45 

l F j f i C R .  FQ. 7.0) GO TO 75  
C 
C I F  A L L  SOLUTES R R V E  NOT CORVERGED. R Z P E n T  CilLL TO UCOR 
C WfTB lEF j  VRLUES O F  ART 
C 

IP(NDEX.GT.01 GO TO 65  

STA 1100 

75 CONTINUE 
DO 80 I '1,NSOLU 
P iI,J, 2 )  =X (I, J, 2)  *DTRY (I) 

80 CONTINUE 

SUBROUTINE UCOR ( T E B P C . 9 )  
C O N N O Y / C I S ? /  C T B P , A R Y ( Q )  ,DTRY (U).¶!O.RN(2S. 2)  r R N F D ( 2 5 )  

C 
C UCOR R Z T J R N S  A OkLWE OF THE D I S T R I B U T I O N  C O E F F I C I E N T  i Y 
L VALUE O F  X TRIEU 
c 

PUTOT=RRY ( 2 ) - R N ( J , 2 )  
P = C T E P  
rran = R x r ( i )  
P U A N  = n a y  (2) 
H a l l  = A R Y ( 3 )  
S N I T R  = ARY(4)  
V ( U A t f . t T . 0 )  nAfi = 0. 
T F ( P O A B . I T . 0 )  @DAM i 0. 
T F ( H A 8 . t I . O )  HAR = 0. 
IP(SNITR.LT.0) SNTTR 0. 
PUILL = PUTOT - PIJAll 
TF(PUITI.LT.0) P U T I T  = 0. 
'rqN = t i k n  + z.*riAfi + Z.+PUAR + SNITR + ~ . * P U I I S  
IF ( T N 5 . r p . O . O )  TNK = 1.0 
TBKPqK 1 0 0 0 . / ( T E f l P C  * 273.16)  
D R T  5 TENPBK - 3 . 3 5 3 9  
l l K  = 3 . 7 * T N n * * I . S 7  + 1.U*TWfl**3.9 4 0 .011*TNf i**7 .3  
UK = UK*(U.*Ft*(-0.11) - 3 . )  
PUK = UK*(.ZO + . 55*F**1 .25  + .007U*TNfi**2) 
H K I  = 0 . 1 3 5 * ~ ~ 5 * * 0 . 8 2  + o . o o ~ ~ + T ~ I ~ ~ * * ~ . u Y  
I F  ( P . L T . 1 . )  H K 1  = H K l * ( l .  - 0 . 5 U * E I P ( - 1 5 . * F ) )  
IF ( T E I O C . N B . 2 5 , )  UR = OK*EXP(P.S*DRT) 
I F  (TEnPC.NE.25 . )  PUK EVK*EXP{-.Z*OBT) 
I F  (TEBPC.NE.25 . )  H K I  AKl*EXP(O.3U*ORT) 

R = 2 . * ( O K * O A R  + PUK*P¶AN + HK2tRP.a) 
E = K R l * H A 5  t 1. 
C = -TO 
I P ( R . G B . 1 . E - 6 )  G O  TO 10 
TF=-C/B  
GO TO 15  

10 CONTIUUP 
T P  = (-E + SQRT(B**2  - 4 . * R * C ) ) / ( 2 . * h )  

15 CONTINUE 
DH? BKl*TP 
DYIZ = HK2*TF**2 
B R  = D H 1  + DBZ 
DU = 0K*TF**2 
DPU = PWK*TF**Z 
D T R T ( 1 )  = CU 
D T R Y ( 2 )  = DPU 
D T R Y ( 3 )  = DH 

END 

1 3 ~ 2  = n x i  

20 RETURN 

541 1'110 
STA 1120 
STA 1130 
S T B  1 1 U D  
5Tll 1150 
STA 1160 
STA 1170  
5TA 1180 
STR 1 1 9 0  
STA 1200  
STll 1210 
STA 1220 
STA 1230  

SUBROUTINZ PLOTR (KOUNT ,ICALPL, RTGSTrCFA,CPO)  
c 
C T H I S  ROUTINE GENFRATES CA'LCOIP PLOTS O F  TWO KINDS: 
C lCALPL=l P R O F I L E  G R A P H S  (LOG OF REDUCED CONCENTRRTION 
c V S  STAGE WUfiBER) 
C I C A L P L = Z  TRANSTENT GRAEHS (REDUCEU CONCENTRATION 
C VS TTIIE FOR A S P E C I F I E D  STAGE 
c 
I: LQUNT-TOTAI NUMBER OF TIPIE INTEBVBLS 
C NTOST-TflTAL R U I B E R  OF S T A G E S  
c CFDA A R O  CFo-fiaxxnan CONCENTRATIONS 

UCOR 
OCOR 
UCOR 

/X FOR EACH UCOR 
UCOR 
UCUR 
OCOR 
uco A 
UCOR 
UCOR 
UCOR 
UCOR 
UCOR 
OCOR 
OCOA 
BCOR 
uco a 
UCOR 
UCOR 
UCOR 
UCOR 

OCOR 
UCOR 
UCOR 
0COR 
ULUR 
UCOR 
UCOR 
UCOR 
UCOR 
UCOR 
VCOA 
UCOR 
UCOR 
UCOR 
UCOR 
fJCOR 
UCOR 
UCOR 
OCOR 
uco a 
UCOR 
w o n  
UCOR 
UCOR 
ucoR 
UCOR 
UCOR 
UCOR 

acoB 

10 
2 0  
30 
MO 
50 
60 
70 
80 
90 

100 
1 1 0  
120 
130 
140 
1 5 0  
1 60 
170 
1 R O  
190 
200  
2r0 
220  
230 

2 50 
2 60 
2 70 

290  

2 8 0  
290 
3 0 0  
310 
320 
330 
3u0 
3 50 
360 
370 
380 
3 9 0  
1100 
4 1 0  

u 3 0  
440 
4 5 0  
4 6 0  
u70 
480 
U 90 
500 

n20 

PLOTR 10 
PLOTR 2 0  
PLOTR 30 
PLOTR u o  
PLOTR 50 
PLOTR 60 
PLOTR 7 0  
PLDTR 80 
PLOTR 90 
PLOT 100 
PLOT 110 
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C X AND A-REDUCED AQUEOUS CONCBNTRATIONS 
C Y AND 0-REIOCED ORGliNIC CONCZNTRATIOWS 
C TTL-GRAPH TTTLE 
C XTAG-X A X l S  LABEL 
C YTAG-Y A X I S  L h 8 E L  
C 

DINENSION C F A ( U j , C P O ( Q )  .1(4) , Y  (4).A(25,U,4),0(25,4,6).NSTA(ZSI 
R E A L * 8  T T L ( l 0 )  , X T A G ( l O )  ,YTAG(lO)  
REAL*8 T L E G 1 ( 4 ) / ' P R A C T I O N ' , '  OF STEA', 'DY S T A T E * , '  T I R E $  */, 

1 D E S C R 1 ( 1 3 ) / ' 1 / 8  O F  S ' , 'TEADY S T ' , ' A T E  T I R E ' # * S l / 4  O F  1 ,  

2 'STEADY S ' , ' T A T E  T I l l ' , ' E S l / 2  O F ' , '  STEaDY 1, 
3 'STIITE T I ' . ' N E $ S T E A D ' , ' Y  STATE ' , ' O P E R A T I O * ,  
4 ' N $  ' /  

INTEGER *4 ISY fie (U) / 1 , 2 , 3 , U /  
INTEGEF*Q I S Y ~ ~ P ( U )  / 4 , 3 , 2 ,  I /  

C 
REAL*B T L E G 2 ( 2 )  / rCON?ONEN' , 'TS$ I / ,  

I DESCR2 (U)/ 'URANIUR$' ,'PLUTONIU','NfNIERIC',' ACID$ e /  
C 
C Z E R O  REDUCEI: CONCENTRATION A R R A Y S  
c 

DO 1 0  I = 1 , 2 5  
DO 1 0  J = 1 , 4  
DO 10 K = 1 , 4  
A ( I , J , K ) = O .  
O ( I , J , K ) = O .  

10 CIINTINUE 
C 
C CALCULlTE RECOCEC CONCENTRATIONS 
C U N I T  10 HOLDS PRINTOUT FOR EACH TIME I N T E R V I L  
C 

REYIND 1 1  
Y R I T I J B ,  1001) CFA.CP0 
DO 2 5  I = l , K O U I T  
DO 25 J = l , N P O S T  
READ(1 1 )  L,X,Y 
DO 20 K = 1 , 4  
I F ( C F R ( K j . E U . 0 . )  GO 10 1 5  
X (  K) = Y  f K )  /CFh (K) -100. 

15 CONTINUE 
I F ( C F O ( K )  " E Q . 0 . )  GO TO 20 
Y(K) = P  ( K j / C F O  (K) * 1 0 0 .  

20 CONTINUE 
W R I T E ( I 0 j  L.X.1 
YRITE (6 .1OC2)  I . X , Y  

2 5  CONTINiJE 
REWIND 1 0  
R E H I A D  1 1  

I F ( I C A L P I . E Q . 2 )  GO TO 95 
C 

C 

C Y i L L  PLOT CDRV'rS FOR KOUHT, 1/2 KOUNT, 1/4 KOUNT. A N D  1/8KOUWT 
C 

c SET UP A R R A Y S  a A N D  c FOR PSOPILE G R A P H S  

DO 40 I = l , U  
1 1 = 9 - 1 +  1 
I N D E I = 2 * K O U N T / 2 * * I I  

30 COllTIWUE 

'40 CONTINUE 
REWIND 10 

C 
C PLOT P R O F I L E  GRAPHS 
C 

R E A D ( 5 . 1 0 0 3 )  TTL 
READ(5,  1 0 0 3 )  PTAG 
X N I N =  1 .  
XRAX=NTOST 

C 
C DETERHPNE R h X  llND M I N  FOR Y A X I S  
C 

Y H A X = O .  
Inn=!. E I O  
DO Y5 1 7 1 , N T O S T  
00 95 J=1,4 
DO 45 K = 1 , 3  
Y#AX=A I A X  1 (1 ( I ,  J, K) .O(  I. J ,  K) , Y f l A X )  
IP(A(I,J,K).EQ.O..hND.C[I,J,K).EQ.O.) GO TO 4 5  
IF(A(1, J , K )  .NE.O. .AND.O ( I , J , K 9  "Ne.0.) 

I F  (A ( I ,  J.K) . EQ. 0. ) 

Y f l I V = A t f i N  1 ( l i ( I ,J ,  K) , 
1 O ( 1 , J . R )  , Y f i I N ]  

Y N I  ! + A N I N  1 (0 ( I , J ,  K )  , Y H I N )  
I F { O ( I , J , K )  .EQ.O.) Y H I N = ~ f l I N l ( A ( I , J , K )  ,YNIN) 

DO 90 I = 1 , 3  
Us CONTINUE 

C 
C AQOEOOS 
C 

DO 50 I I = l , N T O S T  
DO 50 J J = 1 , 4  
I F ( A ( I I , J J , I )  .GT.O.) GO TO 5 5  

50 C O I P I N U E  
G O  TO 9 0  

PLOT 1 2 0  
PLOT 1 3 0  
PLOT 140 
PLOT 1 5 0  
PLOT 1 6 0  
PLOT 1 7 0  
PLOT 1 8 0  
PLOT 1 9 0  
PLOT 2 0 0  
PLOT 2 0 1  
PLOT 2 0 2  
PLOT 203 
PLOT 204 
PLOP 210 
PLOT 220  
PLOT 2 3 0  
PLOT 2 4 0  
PLOT 2 4 1  
PLOT 2 5 0  
PLOT 260 
PLOT 2 7 0  
PLOT 2 8 0  
PLOT 2 9 0  
PLOT 300 
PLOT 9 1 0  
PLOT 320 
PLOT 330 
PLOT 3 U O  
PLOT 350 
PLOT 360 
PLOT 370 
PLOT 380 
PLOT 390 
PLOT 400 
PLOT I t10  
PLOT 8 2 0  
PLOT ( t3D 
PLOT 140 
PLOT 450 
PLOT 460 
PLOT U 7 0  
PLOT 480 
PLOT 4 9 0  
PLOT 5 0 0  
PLOT 5 1 0  
PLOT 520 
PLOT 530 
PLOT 540 
PLOT 550 
PLOT 560 
PLOT 5 7 0  
PLOT 580 
PLOT 5 9 0  
PLOT 600 
PLOT 6 1 0  
PLOT 6 2 0  

PLOT 5 4 0  
PLOT 650 
PLOT 660  
PLOT 670 
PLOT 6 8 0  
PLOT 690 
PLOT 700 
PLOT 7 1 0  
PLOT 720 
PLOT 130  
PLOT 740 
FLOT 750 
PLOT 760  
PLOT 7 7 0  
PLOT 1 8 0  
PLOT 790 
PLOT 800 
PLOT R10 
PLOT 120 
PLOT 8 3 0  
PLOT 8 4 0  
PLOT 850 
PLOT 060 
PLOT 8 7 0  

PLOT 9 8 1  
PLOT 890 
PLOT 900 
PLOT 910 
PLOT 920 
PLOP 930  
PLOT 940  
PLOT 950 
PLOT 960 
PLOT 970 
PLOT 980 
PLOT 990 
PLO 1000 

PLOT 630 

PLOT a a o  
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55 
C 

c 

c 

60 

6 5  
c 

C 

CO NT ZBU E 

CALL FIXPLT (XnIN, Y ~ R X , P M I N , P H A X , l Y L O G ' , ' f l E C H "  ,O., O., 
1 BUF B E R, (1 00 0, ' 5 .  B. I AT Sold ' ) 

H E R 0 J 5 ,  1 0 0 3 )  YTAG 
CALL TZTLB (0.4, T T L ,  XTA G YTA G) 

tlNTOSTy-NTOST 
00 5 5  J=l,LL 
U O  60 I I = l , N T O S T  
IF{ d (II,J, T) ~ EQ. 0.) 
CORTI N U  E 
CALL LINPLTfl..R(l.J.X~.flNTOST,4-Jtl.O) 

CALL P P L  ( A  ( 1  ,J,I) ,U-J+ 1,NTOST ,665)  

CONTIHUL 

CALL LEGEND JTLEGl,ISlflBP,U,DESCA 1 ,2 ,3 .  I 1.5) 

C i i R G h N I C  
C 

DO 7 0  I I = l , N T Q S T  
DO 7 0  d J = l , U  
I P ( O ( 1 I . d J . I )  .GT.O.) G C  TO 74 

70 CONTINUE 
G(J TO 9 0  

25 CONTINUE 
C 

CRLL FIXPLT(X~IN,XHR~,P~IN,YHAX,'YLO~','HECH',O. , O - +  
1 5UFFER,40OU,'S.  E. UH'SONS') 

c 
RLAD(5,1003)  ITAG 
CALL TITLE (0.9, 'ITL, XT AG , YT AG) 

DQ W J=18U 
DO $0 I I = l , N T O S T  
TP (0 [IIrJGX) .EQ.O.) CAIL P P L ( 0  ( I n J , I )  ,4 -  J+ l.NTOST.685) 

80 CONTIPlIJE 
CALL LINPLT ( 1 .  ,Of l . d , I j  ,HNTOST,4-J+ 1 .0)  

95 CONTINUF 

C 

C 

c 

c 

C 
C T f f B N 5 I E R T  GRAPHS 
c 

CRLL LBGENQ(TLEC I,ISYtlBP,9,5ESCR1,2,3,, 1 - 5 )  

YO CONTINUE 

IF ( I C A L F L - E Q .  1) G O  T O  135 

9 5  C6,UTLPIUE 
X Y I N r - 0 .  
XH AX-KO flNT 

Y X ? N = O .  
IF IXIIAX.GT. 100) CALL Q ~ S I Z E ( I ~ I A X / ~ O . . ~ O . )  

m ~ x = i  oo. 
C 
C BEAD STRGES TO BE PLOTTED 
c 

r 
R S k Q ( 5 ,  1004) (NSTX(1) ,I=l.NTOST) 

READ ( 5 , 1 0 0 3 )  TTI. 
BEAD(S,1003)  XTAG 

c 
C #LLL GENEBBTE 2 PLOTS F O R  EACR NOUZEBO VALUE OF WSTA 
C 

DO 1 3 0  I = l , A T O S T  
IP(NSTA ( I )  .EQ.O) GO TO 130 

c 
C AQUEOUS 
C 

CRLL F I X P L T ( X ~ I N I X X A X , T ~ I N , ~ H ~ X ~ " L I N ~ * , " I ~ C H ' , 0 . , O . ,  
1 BUFFER.4000,'S.B. UATSONb') 

C 

C 

100 
10 5 
110 

C 

C 

READ(5,1003) ?TAG 
CALL T I T L E  (0. U,TTL, XTlG .?TAG) 

DO 1 t O  J=l.KOUAT 
DO 10s R=I;NTOST 
R E I I D ( 1 0 )  L.X.Y 
IP(K.NE.WSTA(T)) GO To 105 
XPOINT=I. 
DO I00 II=1,3 
CALL PNTPLT(XPOINT.X(I1)  , I I , - l )  
CONTINUE 
CONTIRU E 
CONTIHU E 
REYIMD 10 

CALL IEGEND(TLEGZ,LSYffB,3,DESCR2,2,-3.,1.) 

C QRGANLC 
C 

CALL FIXPLT (XnIN,  X H A X ,  In lN,YIIAX, 'YNB'  , IECB' .O -, 0. 
1 BOFFER,4000, 'S.  B- kfATSON$') 

c 
RBAOI(5, 1003)  YTAG 

PLO 1080 
PLO 1020 
PLO 1 0 3 0  
PLO 1 0 3 1  
PLO IO40 
PLQ 1050 
PLQ 1 0 6 0  
PLO 9 0 7 0  

PLO 1 0 9 0  
PLO 1100 
PLO 1 1 1 0  
PLU 1120 
PLO 1 1 3 0  
PLO 1140 
PLO 1lSO 
PLO 1 1 6 0  
PLO 1170 
PLO l l 8 0  
PLO 1 1 9 0  
PLO 1200 
PLO 1 2 1 0  
PLO 1 2 2 0  
P50 1230 
PLO 1240 
PLO 1250  
PLO 1260 
BLO 1270 

PLQ l o a 0  

PLO 1 2 7 1  
PLO 12RU 
PLO 1 2 9 0  
PLO 1 3 0 0  
PLO 1310 
PLO 1 3 2 0  
PLO 1330 
PLO 1340 
PLO 1350 
PLO 1360 
PLO 1 3 7 0  

PLO 1 3 9 0  
PLQ I U O O  
PLQ lUl0 
PLO IS20 
PLO 1430  
PLO 14UO 
PLO 11150 
PLO 1 Q 6 0  
PLO 1 4 7 0  
PLO 1 0 8 0  
e m  11190 
PLO i s o a  
PLO 1510 
PLO 1520 

PLO 1 3 8 0  

PLO 1550 
PLO 1 5 7 0  

PLO 4590 
@LO 1600 

PLO 1 5 8 0  

PLO 1 6 1 0  
PLO 1620 
@LO 1630 
PLO 1640 

PLO 1660 
PLO 167G 
PLO 1680 
PLO 1681 
PLO 1690 
PLO 1 7 0 0  
PLO 1 7 1 0  
PhO 1720 
PLO 1'130 
P I 0  1 7 4 0  
PLO 1 7 5 0  
PLO 1 7 6 0  
PLO 1 7 7 0  
PLO 1780 
PLO 1 7 9 0  
PLO 1800 
PLO 1810 
PLO 1820 

PLO 1650 

PLO 1830 
PLO 1 8 U O  
PLO 1850 
PLO 1850 
PLO 1 8 7 0  
PLO 1860 
PLO 1 8 9 0  
PLO 1 8 9 1  
PLO 1900  
PLO 1910 
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11 5 
120  
12 5 

C 

C 
130 
135  

C 

C 

CALL TITLE (0.4 ,TTL, XTAG,YTAG) 
Dc) 1 2 5  J=l.KOONT 
DO 120  K=l;NTOSP 
READ(l0)  L , X , Y  
IPjK.NE.NSTA(1)) 60 TO 120 
XPOi l iT  =L 
DO 1 1 5  I I = 1 . 3  
C a l l  PNTPLT(XPOINT.Y(II9 , I i , - 1 )  
CO NTi N U  E 
CONTI N U  F 
CO NPIN U E 
R E U I N D  10 

CALL L E G E N D  (TLEG2,TSYaB. 3,DESCR2,2 ,-3., 1 .) 

CONTINUE 
CONTI NU E 

CALL ADVANS 

C 
100 1 PORURT ( ' ' , 1PUEl l .  3,UX ,4E11.3) 
1002  PORUAT ( '  '.IU,UX,lPUEI 1.3.4X.UE11.3) 
1 0 0 3  PORME.T(lOA8) 
1004  PORUAT(25I2) 

C 
C 

RBTURN 
E N D  

SUBROUTINE PPL(R,J,NTOST,*) 
C 
C PLOT N O N Z E R O  POINT OW THE CURVE 
C 

DIUENSION h(25)  
00 IO I=l,WTOST 
IDASH=O 
XPOiNT=I 
I P ( I . E Q . 1 )  IDISH=-l  
IP(I.GT.1.AND.A (1-1) .EQ.O.) IDASH=-I 
TP (A(1)  .GT.O.) ChLL PNTPLT~XPOIRT,A(I),J,IOASH) 

10 CONTINUE 
RETURN 1 
END 

PLO 1920 
PLO 1930  
PLO 1940  
PLO 1950  
PLO 1960  
PLO 1970  
PLO 1980  
PLO 1 9 9 0  
PLO 2000  
PLO 2010  
PLO 2020  
PkO 2030 
PLO 2040 
PLO 2050 
PLO 2 0 6 0  
PLO 2070 
PLO 2080  
PLO 2090 
PLO 2100  
PLO 2110 
PLO 2 1 2 0  
PLO 2130 
PLO 2140 
PLO 2150  
PLO 2160 
PLO 2 1 7 0  
FLO 2180 
PLO 2190  
PLO 2200 

PPL 1 0  
PPL 20 
PPL 3 0  
PPL 4 0  
PPL 50 
PPL 6 0  
PPL 70 

PPL 9 0  
PPL 100  
PPL 110  
PPL 120  
PPL 130  
PPL 1 4 0  

PPL e o  
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APPENDIX B 

Sample Input and Output 
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OUT?UT - CAS!? 1 

CALCULATIONS FOR A SOLVENT EXTRACTIOU PROCESS H A V I N G  J IWTEBkCTTIG SOIU'TES 

F E E D  STREAH DATII 

I N I l I A L  PBOFILE 

STAGE U R A U I U H  EIUTCNIUl U N O 3  SALT NO3 
N O .  6G/Lb (G/LI (Io (a)  

AQUEOUS 1 0.0 0. a 2.000CE O C  C . C  
liaoEous u 6.77003 0 1  u.r(3OCE 00 3.2000E o c  t . 0  

15 .3  - TBF 11 0.0 c . c  0.0 0.0 

1 0.0 
2 0.0 
3 0.0 
u 0 .0  
5 0.0 
6 0.0 
7 0.0 
8 0.0 
9 0.0 

1 0  0.0 
1 1  0.0 

ACUIOOS PEASE 
P I U I C N I U H  

( G / 1 )  

c . c  
c.0 
0.0  
C . C  
c.0 
0.0 
c.c 
c .  c 
0.0 
c . c  
C .  C 

H103 
(Io 

2.13173 O C  0.0 
2.1317E O C  C . 0  
2.13178 O C  C . C  
2.1317E O C  0 . 0  
2 .13176  O C  0.0 
2 . 1 3 1 i E  O C  C . C  
2.1317E O C  0 .0  
2 .1317E O C  0 .0  
2.13173 O C  C . C  
2.13171: O C  0.C 
2 .13173  O C  0 .0  

PHAS9 BATIOS L O O A L  F L O U  R A P I C S  STAGE NO. A/O EHASE RATIO 

1 - 3 1.568E-01 
4 - 11 6.46CE-01 

STRGi FLORS (SOLUTE-FREE VOLUMES) : 
ACUEOUS PHISE 

RECYCLE 2 RECYCLE 1 TOTAL 
STAGE FLOW FLOW O U T  TC FILL €06 P m E  a a m u s .  

B C .  RATIO 
1 1.568E-01 

3 1.568E-01 
4 6.U60E-01 
5 6.46CE-01 
6 6.4601-01 
7 6 .U602-01  
8 6.46CE-01 
9 6.U60E-01 

10 6 .4602-01  
11 6.U60E-01 

2 1 . 5 6 e ~ - a i  

QVERLLL 
T O T I I  

STAGE STAGE 
NO. PLOY STAGE B O L .  
1 2.076E 00 0.0 
2 2 . 0 7 6 3  00 0.0 
3 2.C76E O E  C.0 
U 2.95UE 00 0.0 
5 2.95UE 00 0.0 
6 2.95UE C C  C.0 
7 2 . 9 5 4 1  00 0.0 
8 2.55UE 0 0  0.0 
9 2.554E C C  C.0 

1 0  2.95UB 00 0.0 
11 2.95UE 00 0.0 

OF STAGE 
2 . 8  1 5 E- 0 1 
2.81 5B-0 1 
;.BlEE-Ol 
1.160E 00 
1.160E 00 
1. 160E 00 
1.160E 00 
1.160E 00 
1.160E 00 
1.160E 00 
1.16 DE 00 

FLOW OUT 
09 STAGE 

1.795E 0 0  
1.795E 0 0  
1 .7953  00 
1.7953 00 
1.7953 C O  
1.795E 00 
1.795E B O  
1.795E 00 
1.7953 00 
1.7958 00 
1.7953 00 

5TIGE RATIO 
0 . 0  c . c  
0 . 0  0.0 
0 . c  0 .0  
0 .0  C . C  
0.0 0.0 
0 . c  0.0 
0.0 c . c  
0 . 0  0.0 
0 . 0  0.0 
0 .0  c . c  
0 .0  0.0 

C R G A N I C  P A I I S E  
RECYCIE 2 RECYCLE 1 

TO P I L I  POR PHASE 
S T I G E  RhTIO 

0 . 0  C . C  
0 .c  0 . 0  
0.0 0.0 
0.0 0 . c  
0.c 0.0 
0 .0  0.0 
0 . 0  0.c 
0 . c  0.0 
0 .0  0.0 
0.c 0.c 
0 . c  0 .0 

PLCW 

2.8 15E- 0 1 
~ . a i 5 ~ - 0 1  

i.815E-C1 
1.160E 0 0  
1.160E O C  
1.160E O C  
1.160E O C  
1 . l tOE C C  
1.16OE O C  
1.160E 00 
1.160E C C  

TCTIL 
CRGA b I C  

FLOU 
1.195E O C  
1.7952 O C  
1.795E O C  
1.795E C C  
1.795E O C  
1.7953 O C  
1.7952 O C  
1 .7951  O C  
1 .7951 O C  
1 .7951  o c  
1.7958 O C  

CCEXTRACTION BUN 

TLRP FLOX RATE 
w o L . u n I w )  D E G  c 

25 .O 
25.0 
25 . c  

3.000E-01 
1.000E 00 
1.8OOE1 0 0  

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.c  
0.0 0.0 
0.0 0.0 
0.0 c . 0  
0 .0  0.0 
0.0 c . 0  
0.0 0.0 

TElP  
C E G  C 

i 5 . c  
2 5 . 0  
2 5 . 0  

' 5 . C  
25.0 
25.C 
2 5 . 0  
25.0 
2 5 . C  
25.0 

z5.c 
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TRANSIENT B E H A V X O A  RESBL‘15 

T I U E  
I N P E R V L L  

t 

T Z 8 E  
INTER W AL 

2 

STAGE 
NO. 

1 
2 
3 
U 
5 
6 
7 
8 
9 

90 
11 

STlGE 
NO. 

1 
2 
3 
u 
5 
6 
7 
8 
9 

10 
11 

STAGE 

1 
2 
1 
4 
5 
6 
7 
8 
9 

10 
11 

no. 

STAGE 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  

STAGE 
RO . 

1 
2 
3 
4 
5 
6 
7 
R 
9 

10 
11 

STAGE 
NO, 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

U B h N I I J l l  
tG/L) 

0.0 
0.0 

7.821% 0 0  
0.0 
0.0 
c.0 
0.0 
0.0 
0.0 

0.6 

0.C 

U B A N I O n  
(G/LI 

0.0 
0.0 
0 .c  
3. 148E 0 1 
0.c 
0.C 
0.0 
0 -0 
0.0 
0.c 
0.0 

U 6 A N I I J M  
fG/LI 

0 . c  
0.0 
1 .2243  01 
7.696E 00 
U.766E-0 1 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 

U R ? . U I U U  
f G/L 1 

0.0 
o.a 
2.960E 0 1  
3.ISUF: 0 1  
5 . 1 2 0 E  0 0  
0.0 
0 . 0  
0.0 
0.0 
0.c 
0.0 

OBAAIOll 
IG/L) 

0 . c  
1.?87E 0 1  
1.41UE 0 1  
1. l l V E  0 1 
4 -5593-0 1 
2 .689E-02  
0.0  
0.0 
0 . c  
0.0 
0.0 

D R A E l U M  
(G/L) 

0.0 
2.78UE 0 1  
2.9683 0 1  
3.6118 01 
5.0568 O C  
3.1181-0 I 
0.0 
0 -0 
0.0 
0 . c  
0.0 

WLUi’B C O B C E N T B I T I O N 5  IN EPPLOENT FAOE E l l C R  S‘I1IGE 

1COECCS PBhSE: 

1 W L I  (MI C €  STACH 
EIIJTONIUI Hbi03 FLOE OLl l  

0.0 1.2716 00 2.93OE-01 
fl.0 1.2118 00 2.920E-CI 
3 . 0  l .271E 00 2.9-OE-01 
1.210E 00 2.75OE 00 1.2732 00 
0.D 1.7351 00 1 . i iSE  00 

0 .o 1.735E 0 0  1.225E 00 
0 .O 1 .7351  00 l.’IiSE 0 0  
0 .o 1.735E 0 0  1.2iSE 00 
0.0 1.735E 0 0  1 .2253  00 
0.0 ’1.7358 0 0  1.225E 00 

0 .O 1.7353 00 1 . 2 2 5 8  a o  

OBGANIC PHASE 
E L U l O A I U f l  HW03 

IG/L) (8) 
0.0 1.2588-01 
0.0 I . ~ ~ ~ E - o I  
u .0 1.258E-0 1 
1.5562 00 0.6571-01 
c .o 1.9078-0 1 
0 .o 1.90?E-0 1 
a .o 1.907E-01 
n .o 1.907E-0 1 
0.0 I. W7E- 0 1 
0 ”0 1.907E-0 1 
2 . 0  1.9071-0 1 

PLOS o e 1  
CE STACE 
1.809E 00 
1.8C9E 0 0  
1,809E 00 
1.E35E G O  
1.814E 00 
1.81OE 00 
1.814E C O  
1.81UE 00 
7 . E I 4 3  00 
1.6IUE 00 
l .@lUE C O  

BCOECUS PHISE 
&LUTONIDM H W 0 3  FIOI 001 

(G/L) 111 C E  STACE 
a .o 1.b75E 0 0  2 . 9 6 8 8 - 0 1  
0.0 1.27iE 00 i . 9?0E-C1  
1 . 8 ~ 6 ~  co I . ~ ~ Z J E  J Q  Z . S E ~ E - O I  
1 . 1 8 4 E  00 Z.d29E 0 0  1.275E 00 
i.076E-01 i .631E 00  1.2t3E 00 
0.0 1.735E 0 0  1.225E 00 
0.n l.735E O Q  1.2252 0 0  
E .O 1.7358 00  1.225E O D  
0.0 1.735E 00 1.225E C O  
o .a 1.73SE 00  1 . i 2 5 E  00 
0 .o 1 . 5 1 1 E  00  l . i l 6 E  0 0  

O R G A N S C  PBASE 
E I O T C N I O f i  HN03 P K O Y  OUT 

0.0 1.822E-01 1.813E 0 0  
0 .o 1.258E-01 1.809F 00 
1.27UE C O  9,693E-02 l . k ? Z B E  0 0  
1.5928 00 1.701E-01 1.8358 00 

0.0 1.9071-01 l . e l 4 E  00 
0 .o 1.907E-0 1 1.8II4E 00 
C .O 1.907h-01 1.BlYE C O  
0.0 1.507B-01 1.Bl4E 00 
0.0 11.9071-07 1.814E 00 

IG/L) (n) CF S T A G E  

e . q g u ~ - o i  2,848E-01 i . e 2 5 ~  00 

0 .0  I . ~ ~ ~ E - o I  1 . 8 1 1 ~  o a  

AOOEOUS €‘BASE 
EIUTOUIUN A B 0 3  F L O E  G U T  

S G / L I  dtll CI STBEE 
0 .o 1.675E 00 i.968E-01 
1.U56E CO 1.650E 00 i.S79E-01 
1.8852 00 1.693E 00  2.9858-01 
1.8793 00 2.056E 00 t . i € 7 E  00 
1.963E-01 2.700E 00 1.265E 00 
3.386E-62 i . 0 9 5 E  0 0  1.2568 C C  
0 .a 1.7358 0 0  1.2253 00 
0 .o 1.735E 0 0  1.2258 00 
0.0 1.735E 0 0  1.2iSE 0 0  
a .o 1.698E 00  t . 2 2 U E  00 
0.0 1.511.C 0 0  1.216E O D  

O E G A N I C  PBASE 
E i u I c n I w  H U O ~  F X O Y  OOT 

f G / L )  mi or CTBGE 
0.0 1.822E-01 1 . 8 1 3 ~  o c  
1.037E 00 I . O D 1 E - O l  1.827B 00 
1 . 2 5 0 E  00 9,502E-02 l.@iEE 00 
i.OS6E GO 1.563E-01 1.838E 0 0  
6.9C78-01 2.93lE-01 1.82SE 00 
1.205E-01 2.926E-01 1.BZ2E 00 
0.0 1.907E-01 l . I l 4 E  00 

0.0 1.907E-01 1.814E 0 0  
0.0 1.855B-03 1.813B 00 

0.0 a . 9 0 7 ~ - 0 1  i . 8 1 ~ ~  00 

0.0 I . ~ ~ L E - O I  i . a i i E  00 

ITERA- TElF 
T W U S  D E G  C 

4. 2 5 . 0  
U. 25.0 
4. 25.0 

1 1 .  2 5 . 0  
3. 2 5 . 0  
3. 25.0 
3 .  2 5 . 0  
3. 2 5 . 0  
3.  25.0 
3. 2 5 . 0  
3. 25 .0  

ITERA- T E E P  
TICUS O E G  C 

4. 25.0 
1. 25.0 
7. 25.0 
6. 25.0 
5 .  2 5 . c  
1. 25 .0  
1. 25.0 
1. 2 E . C  
1. 25.0 
I .  2 5 . 0  
3. 25.0 

ITERA- TEH? 
TXOld.5 D E G  C 

1. 25.0 
6 .  2 5 . 9  
5 .  2 3 . 0  

IO. 2 5 . n  
u. 25.11 
4. Li.0 
1. 25.0 
1. 25.0 
1. 25 .0  
2. 25.0 
I *  25.0 
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INrERMEDIATE STATES CMIiTED TO SAVE SPACE 

ACOECOS PBASE 
TIRE STAGE U E A N I U K  IIWTONIUfl iiW03 FIC6 O C l  

INTERVAL N O .  G /L l  (G/LI ( 8 )  C €  STAGE 
87  1 1.880E 0 1  4.2241 00 1.9303 00  3.C19E-01 

2 2.462E 0 1  6 .9831  CO 1.9623 00 3.C32E-Cl 

U 1.919E 0 1  4.6C9E 00 j .2 lUE 00 1.259E C C  
5 1.438E O C  S.653E-01 3 .35 iE  0 0 ,  1.255E 00 
E 6 .6763-02 1.2553-01 3.366E 0 0  1.29UE 00 
7 2.973E-03 1.5EPE-02 3.3673 00 1.2SUE O C  
8 1.219E-04 1.9U3E-C3 3.367B 0 0  1.29UE 00 
9 5.B65E-06 i.Ul7E-CU 5.3586 00 1.2Su~ 00 

10 2 . t37E-07  3.0393-05 3.2963 0 0  1.291E 00 
11 1.2883-08 4.150E-Cd i.856E 0 0  1.2771 C O  

3 2.4563 0 1  6 . 8 ~ 1 ~  00 2 .1943  00 3 . a ~ 6 3 - 0 1  

OEGANIC PBASE 
SlAGE URANIOH F I O I C N I U I  HUO3 I I C U  CUT I F E R I -  T I f l P  

NC. tG/Ll lG/Ll ( M I  CF STAGE TIONS DIG C 
1 3 .6913  0 1  2.UlUE EO 9.027E-02 1.83UE 00 1. 2 5 . 0  
2 3.S97E 0 1  3.1C63 00 8.0751-02 1.8363 00 1. 2 5 . 0  
3 U.091E 0 1  3.179E 00 E.7361-02 1.E37.E C C  1. 25.0 
4 4.CBSE 0 1  3.5423 C O  1,282E-01 1.EUOE 00 1 .  2 5 . 0  
5 1.360E 0 1  3.2653 00 2.9581-01 1.83UE 00 1. 2E.0 

1. 25.0 6 1.017E 0 0  6.82OE-01 3.859E-01 1.E30E C O  
7 4.724E-02 8.Ei6E-02 1.952E-01 1.E29E 00 1. 25 .0  

1. 25.0 8 2-1033-03  l . lC6E-02 3.9583-01 1.829E 00 
9 9.3343-05 1.372E-C3 3.950E-01 l.EZ9E C O  1. 25.0 

10 9 -1WE-06  1.6ElE-OU 3.887E-01 1.e28E 0 0  1. 25 .0  
11 1.775E-C7 1.8603-05 3.3993-01 1.825E 00 1. 75.0 

99.90 PERCENT STEADY STBTI EP OVERALL 8 A T E R L A L  EAIAMCF 
90.C PERCENT OF STEAD? S lAlE  LF'IEE TIME INTEBVAI 2C 
95 .0  PERCENT O F  C'IEADY S'IA'IE AF'IEE TIUE IWEEVAI 28 
99.0 PERCEhT O F  STEkDY S l A l E  APlEE TIBE INTERVIL 5 0  
9 9 . 5  PERCENT O F  ETEaDY S l A l E  A F T E R  TIME INTEBVII 6 0  

TOTAL G/L U R A N I U I !  I N :  6 .77001  01 .  OGT: 6.7690B 0 1  
TOTBL G / I  FIUTONIUII IN: 4.UZOOI OC.  OUT: 4.Y256E C O  
TOTAL llOLES H103 I U :  3 . 6 ~ 0 ~ ~  00. QUI: 3 . ~ 0 0 1 ~  co  
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C R LCU LBT CNS FOR 1 

FEED STTfERfl DBTI 

EiSTIAL PROFILE 

3LVEN I9 

UIITTUT - CASE 2 

?+CTIO# PBOCESS H A V I N G  3 ZN'IERACTINC SOLOTEC 

S T A G E  U h A N l U N  EIUTCNIOPl H N 0 3  SALT H03 
NC. tWL1 (G/L) (a) 

AQDECCS 1 0.0 c.0 2 . O O O O E  00 c . c  
AQUEOOS 4 0.0 1 . 5 2 0 ~ ~  CI  u . 1 0 0 0 ~  O G  0.0 

15.0 - T B E  1 0  0.0 c.c  0.0 0 .0  

STAGE I I C U E O U S  PRllSE 
SO. U B P N I U I I  E E U T C N I U N  nu03 U R l N I O f l  

JOUTFLOI) (G/LI i G / L b  (Fi) (G/L) 

1 0-0 c . c  2 . 1 3 1 7 ~  oc  o.a 
2 0.0 c . c  2.1317E O C  0.0 
3 0.0 C.0 2.1317E O C  C.0 
4 0.0 c . c  2.1317E O C  0 . 0  
5 0,o I . C  2.1317E O C  17.0 
6 0,O c.0 2.13172 O C  C.0 
7 0-0 c . c  2 .13178  3 0  0.0 

317E O C  0.0 a 0.0 c. c 2 . 1  
9 0.0 c. 0 2 .131 iE  O C  0.0 

1 c  0.0 a . 0  2.1317B O C  C.0 

L'BASF: RATIOS EOUAL ELOW R A T I C S  S T A G E  NO. A/O EHASE R B T I O  

1 - 3 1.15CE-01 
U - 10 1.076E 00 

STAGE FLCYS ( S O L U T € - E R S F  IOLUCES) : 
ACOEOOS PHASS: 

R I . C ' I C I E  2 RECYCLE 1 
STAGE FLCW PLOU OUT 10  PILL FOE PHASE 

NO. R A T I O  OF STAGE S T l G E  R RTIO 
1 1.1SOE-01 1.032E-01 0.0 0.0 
2 1.150E-01 1.03iE-01 0.C 0.0 
3 1. 150E-01 1.0328-01 0 . 0  0.0 
4 1.C7CE 00 9.b611-01 0 . 0  0.0 

6 1.076E 00 9.661B-01 0.0 c . 0  
5 1.076E 00 5.661E-01 O.C 0.0 

7 1.C7fE C O  

9 1.0761 00 
10 1.076E O D  

a 1 . 0 7 ~ ~  c o  
9.661E-01 0 . 0  0.0 
9.66 1E-01 0 .0  0.0 
5.66 12-01 0.i) c . c  
9.66lE-01 0 . 0  C.O 

CBGAWIC etrasE 
R B C Y C I I  2 SECYCLE 1 

FLOY OUT I O  F I L L  FCR PHbSE 

OVERA I L  
TOTAL 

STAGE STRGE 
N O .  FLOU S T A G E  V O I .  OF SfAGf.  S T E G E  H A T 1 0  
1 1.001E 00 0.0 8.975B-01 0.0 0.0 
2 1.OOlP 00 0.0 t .g7:m-~i  O.C 0.0 
3 1.00173 O C  C.0 8.97SE-01 0.0 0.0 
4 l.Efi4E 0 0  C.0 B.975E-01 0.0 0.0 
5 1.E64E 00 0.0 8.9753-61 0°C 0.0  
6 1 .€64E O C  C.0 e . g 7 5 ~ - o i  o . a  0.0 
7 1.ECUE 0 0  0.0 6.975E-01 0.0 0.0 
8 1.e6UE 00 0.0 E.915E-01 0.C 0.0 
9 1.EF;UE G O  C.0 0.Y7SE-01 0 .0  0.0 

10 1.E64f 00 C.0 e.925E-01 0 .0  0.D 

TOTAL 
AQUECUS 

PLOU 
1.032L-01 
1.032E-01 
1 ,032E-01 
9 . 6 6  1E-C 1 
9.661E-01 
9.66 1E-0 1 
9.6E 1E- C 1 
9 - 6 5  11- 0 1 
9 .66  1E-0 1 
9.6613-01 

T O T  PL 
C RG A B I C  

8.97SE-C1 
8.975E-a 1 
B .  975E- i l l  
8.9758- 0 1 
8 -9751-  0 1 
8.97%-0 1 
8.975E- 0 1 
8.975E-0 1 

8.975E-01 

won 

e.  9752- a 1 

PO EXTRkCT 

FLOW R A T E  
IVOL.UNI'IS~ 

1.100E-0 1 
1.00OE 00 
9.000E-0 1 

JN 

TEnP 
umc c 

25.0 
25"0 
25.c 

ORGbNXC Pl lASE 
P L U T O N I U B  H B C ~  

( W L l  

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.c 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

TENP 
T E G  C 

25,  c 
25. c 
25 .0  
7 5 . 0  
2 5 . 0  
2 5  I) 0 
23 .0  
2 5 . 0  
2 5 . 0  
25.0 
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TRANSIENT B E H A V I O R  6ESULTS SOLUTE COHCEBTRATIONS I U  EPlLllENT PRO?! E A C H  STAGE 

TINE 
INTEHV AI 

1 

TIHE 
TINTER V AL 

2 

T I  LIE 
INTERVAL 

3 

AOUEOOS PtASE 
S T A G E  U R I I N I O R  E I U T C N I O M  H N 0 3  EICY OUT 

6C. fGfi.1 1611)  tni  01 YIAGE 
1 0.0 0.0 1.1538 00 1.CiOE-Cl 
2 0 . 0  0 .o 1.153E 00  1.070E-01 
3 0.0 0.0 1.153B 00  1.C70E-01 
u 0.c  U.183E 00 3.686E 00  1.C93E 00 
5 0.0 0.0 1.834E 00  l.C;4E 0 0  
6 0.C 0.0 1.834E 0 0  1.0i4E 00 
7 0.0 0.0 1.834E 0 0  1.C2UE 00 

9 0.0 0.0 1.834% 00 l.Oi4E C O  
10 0.0 0 .o 1.8343 0 0  1.024E 00 

8 0.0 c -0 1 . 8 3 4 ~  00 1 . 0 2 4 ~  00 

OBGANIC PBASE 
STAGE U R A N I U B  € I U T O N I U f i  11803 F I O Y  O L I  

N O .  (G/L)  I G / L )  ( 8 )  C €  STAGE 
1 0.c  0.0 1.069E-01 9 .0383-01  
2 0.0 0.0 1.069E-01 S-OSBE-Cl 
3 0.0 0 .o 1.069E-0 1 9.0381-0 1 
u 0.0 1.591E C 1  3.171E-01 S.155E-01 
2 0 . 0  0 .o i .000E-0 1 9.0723-0 I 
6 0 .0  0.0 i .000E-01 9.Ci2E-CI 
7 0 . 0  c .o 2.000E-0 1 9.C72E-0 1 
B 0 . 0  c.0 2.000E-01 9.Ci2E-Cl 
9 0.0 0.0 2.000E-01 9.072E-01 

10 0 . 0  0 .o i .000E-01 S . C i 2 E - C V  

IICOECUS P l l S E  
STAGE URANIUH E I U T C X I I I I  H N O ~  E I C Y  O G T  

N O .  dG/L) IG/L) I a)  C I  STACE 
1 0.c  0 .O 1.562E 00  1.CEUE-01 
2 0 . 0  c . 0  1.153E 0 0  1.CiOE-Cl 
3 0.0 @.002E 00 2.1643 0 0  1.1111-01 
4 0 . 0  4.129E 00 j . 7521  0 0  1.CS6E 00 
5 0.0 7 . 6 i l E - 0 1  3.5561 0 0  1.C86E 00 
6 0 .0  0 . 0  2.834E 00  l.CE4E 00 
7 0.0 0 .O I.834E 00  l.Oi4E 00 
8 0 . 0  0 .o 
9 0.c 0 .O 

10 0 . 0  c .0  

1 . 8 3 ~ ~  o a  I . C Z U E  00 
1.834E 00  1.02UE 00 
1.683E 0 0  1.C19E C O  

STAGE 
NC . 

1 
i 
3 
4 
5 
E 
7 
8 
9 

10 

O R A N I U l  
lG/L) 

0 .0  
0 . c  
0 .0  
0 . 0  
0.0 
0 . c  
0 .0  
0.0 
0.C 
0 .0  

O R G A N I C  PHASE 
FIUTCNIOM n ~ a 3  

IG/L) m >  
0.c 1.626E- 0 1 
0 .o 1.069E-0 1 
1.SOTE C1 1.908E-01 
1.55€E 01 3.207E-01 
U.08iE CO 2.811E-01 
0 -0 2.000E-0 I 
0 .0  i.OOOE-01 
0.0 2.000E-0 1 
0 .o 2.000E-0 1 
0.0 1.7932-0 1 

F I C Y  O U ' i  
C E  STAGE 
S.C59E-C1 
9.0381-01 
5.14UE-C 1 
9.1971-0 1 
5.16OE-01 
9.0723-0 1 
9 . C i Z E - C  1 
9.0721-0 1 
9.0728-01 
5.CC5E-CI 

ACUECUS PHASE 
STAGE USANIUR E I U T O N I O I I  HNO3 EICS 001 
NO 1 G f L )  I G / L )  f i l l  C I  S f A 6 2  

1 0 . c  0 .o 1.562E 0 0  l.C@UE-01 
2 0.0 9 . 5 i 7 E  00 1.8113 00  l.CS9E-Cl 
3 0 .0  7.9443 00 2.180E 0 0  1.112E-01 
4 0.0 5 .35 tE  00 i .984E 00  l . lC5E 0 0  
E 0 . c  7.4SOE-Cl 3.618E 0 0  l.CB8E 00 
6 0.0 1.3561-E1 3.4lUE 0 0  1.CEOE C O  
7 0 .0  0.0 1.834E 0 0  1.024E 00 
E 0.0 0.0 1.83UE 0 0  1.C24E C O  
9 0.0 0 .o 1.818E 0 0  1.024E 00 

10 0.0 0.0 1.6833 00  1.C19E C C  

STAGE 
NC * 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 

ORGANIC PBASE 
O R A N I U f i  E I O T C N I U f i  H N 0 3  EICS OUT 

0.0 0.0 1.626B-0 1 S .C59E-C 1 
0.c 1.391E 01 1.5793-01 9 .1268-01  
0.0 1.5C6E 01 1.923E-01 S.14SE-Cl 
0 . 0  1 .9393  01 3.104E-01 9 . 2 l l E - 0 1  
0.0 U . O E i E  00 3.865B-01 S. lE1E-01 
0 . c  7.T06E-01 3.885E-01 9.146E-01 
0 .0  0 .o i.000E- 0 1 9 .C i2E-C 1 
0 .0  0.0 2.00QE-0 I 9.072E-0 1 
0.0 0.0 1.979E-01 S.Ci2E-Ci 
0.0 0 .o 1.7933-0 1 9.065E-0 1 

(G/LI f G / L I  (Io C I  S T A G E  

ITERA- TEMP 
T I O N S  DEG C 

5 .  25.0 
5 .  25 .0  
5 .  25.0 
7. 25 .0  
3. 25.0 
3. 25.0 
3. 25 . c  
3. 25 .0  
3. 25.0 
3. 25.0 

I T E R A -  TERP 
TICNS DE6 C 

4. 25.0 
1. 22.0 
8. 25 .0  
4. 25.0 
5 .  25.0 
1. 2E.O 
1. 25.0 
1. 25 .0  
1. i E . 0  
3. 25 .0  

I T E R A -  TEfiP 
TIONS DEG C 

1. 25 .0  
7. 25.0 
U. 25.0 
6. 25.0 
4. 25 .0  
u. 25.0 
1. 25.0 
1. 2 5 . 0  
2. 25.0 
1. 25.0 



T i n t :  S T ~ G E  
I N T E B V a L  NC. 

2u 1 
2 
3 
4 
5 
€ 
7 
8 
9 
IO 

STAGE 

1 
2 

no. 

e 
9 

10 
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INTEWEDIATE S T A T I S  OMITTED TO SAVE SPACE 

URANIUn 
tG/LI  

0.0 
0.0 
0.0 
0.0 
0.0 
0 . C  
0.0 
0.G 
0.0 
a . c  

OlikNIUH 
IG/LI 

0.0 
0.0 
0 .c 
0.Q 
0.0 
0.0 

0.0 
0.0 
0.0 

a.c  

ORGAUIC P t l A 3 E  
FIUTONIUH H N 0 3  

( W L )  1 ti) 
2.093E 01 1 . 6 9 1 E - i l l  
i . i S 1 E  C 1  1 . 9 0 3 E - 0 1  
2 . 2 3 ~ ~  01 L ~ O ~ E - O I  
1.200E 01 i . 968E-01  
6.06673 00 3,9453-0 1 
1.759E 00 0.382E-01 
3 . 1 5 6 E - 0  1 4. ibB 1 E - 0  1 
5 . U O f E - C 2  4.U99L-0 1 
9 . 0 1 U E - 0 3  U.U91E-O 4 
1.3CIE-03 4 . 2 6 9 E - 0 1  

OF STAGE 
1 ~ 11UE-C1 
1.. !.?5E-0 1 
1. IU3E-C 1 
1.llOE 00 
i . i c e E  a0  
1. I Q R E  40  
1 , l i E E  O C  
1.107E 00 
1 . 1 6 7 E  00 
1.0S5E 00 

PIOF 0 5 ' 1  ITEHII-  
C E  FTAGE TION S 
9.16SE-0 1 1. 

1. 9.lElE-01 
9.146B-01 1. 
S . i l 9 E - E l  1. 
9.1E5E-07 1. 
5.1696-01 1. 

2. 9 . 1 6 6 3 - 0 1  
9 . l t S E -  0 1 1 .  
9 .  16UE-01 2. 
5 . 1 5 6 E - C l l  1 .  

9 9 . 9 0  PERCERT STEPDY STATE B Y  C V Z i i A L L  I A T E P I A L  B d I A U C b  
9 0 . 0  P E R C E W  OF STEADY S T A T E  aFTEB. T I t l E  INTERVAL 10 

9 9 . 0  PERCENT O F  STEADY S'I17E U T E 8  T I H B  ILTERVBL 1 6  
9 5 . 0  PERCENT OF STEADY S Z ~ T E  amm TIHE I N T E B V A L  1 1  

99.5 P E R C E U T  OF STEADY S T A T E  ~ F T F B  TInE I R T E R P A L  I E  

TEnE 
D E 6  C 
25 .0  
2s. 0 

2 5 . 0  
2 5 .  c 
2 5 . 0  
2 5 . 0  
2 5 . 0  
25.0 
25.0 

25. a 

I O T A 1  G / L  UEARIUn I N :  0 . 0  * OUT: 0.0 
TOPBL G / L  P L U I O N I O H  IN: 1.9200E 0 1 .  002:  1 .5182E E l  
TOTBZ MOI.ES hNO3 IN: U.3iOCE 00. OUT: U.3199E 00 
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