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H I GWL I GHTS 

The c u r r e n t  model i n  t h e  SEPHIS code for p r e d i c t i n g  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  f o r  uranium, p lu tonium,  and n i t r i c  
ac id  i n  t r i b u t y l  phosphate  (TBP) w a s  examined by comparing 
approximate ly  2000 expe r imen ta l  data p o i n t s  w i t h  c a l c u l a t e d  
v a l u e s  f o r  t h e  same c o n d i t i o n s .  The model f o r  t h e  p lu tonium 
d i s t r i b u t i o n  c o e f f i c i e n t  w a s  modi f ied  as  a r e s u l t  of t h i s  

comparison. The model,  as  a whole,  appea r s  t o  be v a l i d  f o r  
uranium c o n c e n t r a t i o n s  from 0 t o  200 g/R a n d  plutonium 
c o n c e n t r a t i o n s  from 0 t o  20 g/R over  t h e  t empera tu re  range  of 
20 t o  7 O o C  and up t o  11 - M H N 0 3 .  
w i t h  p lu tonium c o n c e n t r a t i o n s  up t o  100 g/R,  and agreement 
w a s  good, extreme c a u t i o n  must be exercised when u s i n g  t h e  
model i n  t h e  r e g i o n  above 20 @ ; / a  plutonium. The  model w a s  
o r i g i n a l l y  developed t o  cover  a r ange  of TBP c o n c e n t r a t i o n  
up t o  100%; however, on ly  d a t a  a t  30% TBP were examined i n  
t h i s  s t u d y ,  S i n c e  expe r imen ta l  da ta  on n i t r i c  a c i d  w e r e  
w i d e l y  " s c a t t e r e d , "  no judgment w a s  made o n  t h e  u s e f u l  range 
of  t h e  n i t r i c  acid d i s t r i b u t i o n  c o e f f i c i e n t s .  

While some d a t a  were examined 

A t a b u l a r  l i s t i n g  of d i s t r i b u t i o n  c o e f f i c i e n t s  based  on 
t h e  mod i f i ed  model is p r e s e n t e d  fo r  t h e  f o l l o w i n g  r a n g e s :  
uranium c o n c e n t r a t i o n ,  0 t o  200 g/R; p lu tonium c o n c e n t r a t i o n ,  
0 t o  100 g / ~ ;  n i t r i c  a c id  c o n c e n t r a t i o n ,  0 . 1  t o  5 E; 
t e m p e r a t u r e ,  40 t o  50°C; and TBP c o n c e n t r a t i o n ,  30%. Othe r  
t a b l e s  cou ld  be g e n e r a t e d  r a t h e r  e a s i l y ;  however, i t  is n o t  
p rac t i ca l  t o  p r e s e n t  a more e x t e n s i v e  l i s t i n g  f o r  t h e  
purposes  of t h i s  r e p o r t .  The computer program and a u s e r ' s  
gu ide  f o r  g e n e r a t i n g  t h e  t ab l e s  and d i s t r i b u t i o n  c o e f f i c i e n t  
maps are i n c l u d e d .  

V 





1. INTRODUCTION 

Recent developments in high-speed solvent extraction 

contactors for use in the nuclear fuel reprocessing industry 
may allow the implementation of additional solvent extrac- 

tion stages at minimal cost and without the need to increase 
the cell height, as would be the case with a pulsed per- 
forated plate column. The use of additional stages might 

permit more difficult separations that are not attempted at 

the present time, for example, the separation of Pu(1V) and 

U(V1) without reduction of the plutonium. Even without the 

advances in contactor design, the accurate prediction of 
distribution coefficients is of great importance when 

examining the proposed flowsheets. 

TBP system was developed by W. s. Groenier’ and D. E. Horner2 
and further improved by G .  L. Richardson and J. L. Swanson3 
and by S. B. Watson and R. H. Rainey.4 This model predicts 
the distribution of uranium, plutonium, and nitric acid 

between the aqueous and organic phases as a function of 
concentrations of uraniun(VI), plutonium(IV), nitric acid, 

TBP, inextractable nitrates, plutonium(III), and temper- 

ature. 

One model describing the uranium-plutonium-nitric acid- 

Several computer codes now available to examine Purex 
flowsheets use some form of this model. One is the SEPHIS 

code5r6 and another is the MATEX code. The SEPHIS code was 

developed to predict the transient or steady-state concen- 

trations in a series of equilibrium contactors. This code 

also attempts to model the conditions found in various types 

of contacting equipment by considering holdup delays in the 

1 
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i n t e r s t a g e  f lows .  The MATEX code,  on  t h e  o t h e r  hand, a l l o w s  
r a p i d  ( i n  t e r m s  of computer t i m e )  p r e d i c t i o n s  af s t eady-  
s t a t e  c o n c e n t r a t i o n s  f o r  a series of e q u i l i b r i u m  stages.  

How w e l l  e i t h e r  of t h e s e  codes w i l l  work i s  dependent  
on how a c c u r a t e l y  t h e  model of  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  
c a n  p r e d i c t  t h e  correct v a l u e s .  T o  de t e rmine  t h e  model 's  
accu racy ,  a comparison w a s  made between t h e  r e p o r t e d  d i s t r i -  
b u t i o n  c o e f f i c i e n t s  and t h e  c o e f f i c i e n t s  c a l c u l a t e d  by 
computer code. 

2. DESCRIPTION O F  THE PRESENT MODEL 

The SEPWIS code now u s e s  t h e  method developed by 
Richardson,  which a t t e m p t s  t o  p r e d i c t  d i s t r i b u t i o n  coef  f i- 
c i e n t s  and c o r r e c t  f o r  v a r i o u s  t empera tu res  and TBP concen- 
t r a t i o n s  n o t  cons ide red  i n  ear l ier  v e r s i o n s  of S E P H I S .  Th i s  
method w a s  i n c o r p o r a t e d  i n  t h e  UCOR s u b r o u t i n e  of SEPIIIS by 
Watson and Rainey and i s  d e s c r i b e d  i n  d e t a i l  i n  t h e i r  

Equ i l ib r ium 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  
bas i s .  The conve r s ions  between mola l  c o n c e n t r a t i o n  ( lower  
case) and molar  c o n c e n t r a t i o n  (upper  case) are:  

x = X a / ( l . O  a 0.0724 Ua - 0.13 

- 0 .0309  Ha - 0.031 Sa) (1) 

and 
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where 

~ 1 . 6 9  . 
, 

( 3 )  

2Wo 2Puo 0.6Ho 
t wo = (4.2 - 0.015 T) t 

The equilibrium correlation was based on deriving 
empirical equations for the following pseudo-mass-action 
equilibrium constants: 

The basic empirical equilibrium expressions were derived 
a t  1 0 0 %  TBP equilibrated at 2 S o C ,  giving the following 

equat ions :  
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* * 
K h l  Z Kh2 

where 

n = ha + 2ua f 2pua + sa -+ 4pu3a a 

The plutonium e q u i l i b r i u m  c o n s t a n t  w a s  de te rmined  as a 
f u n c t i o n  of t h e  uranium c o n s t a n t  a t  25OC. 

* * 
K = K U ( 0 . 2 0  -k 0 . 5 5 F 1 - 2 5  .t- 0.0074n:) . ( 1 2 )  PU 

The code p r o v i d e s  c o r r e c t i o n  f a c t o r s  f o r  o t h e r  TBP concen- 
t r a t i o n s  and t empera tu res :  

where T = l / ( T  + 2 7 3 )  - l /298.  The change i n  t h e  d i s t r i -  
b u t i o n  w i t h  TBP c o n c e n t r a t i o n  i s  e s t i m a t e d  as fallows: 
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( H N 0 3  *TBP) 0 

Free (uncomplexed) TBP c o n c e n t r a t i o n  i s  c a l c u l a t e d  as f o l l o w s :  

3. COMPARISONS O F  THE PRESENT MODEL TO LITERATURE VALUES 

The d a t a  used i n  t h i s  r e p o r t  for comparison w i t h  
R icha rdson ' s  model w e r e  t a k e n  from t h e  German compi l a t ion  by 
G.  P e t r i c h  and Z .  K o l a r i k . 7  T h i s  c o m p i l a t i o n  r e p r e s e n t s  
data  found i n  t h e  l i t e r a t u r e  from 1952  through 1 9 7 7 .  The 

d a t a  t h a t  P e t r i c h  p r e s e n t s  c o v e r s  on ly  t h e  use  of 3 0 %  TBP. 

T h e  d a t a  f o r  t h e  most p a r t  f a l l  i n t o  discrete t empera tu re  
and n i t r i c  a c i d  c o n c e n t r a t i o n  bands,  w i t h  t h e  major p o r t i o n  
o c c u r r i n g  a t  25°C and < 4  M n i t r i c  acid.  While t h e s e  acid 
c o n c e n t r a t i o n s  are  t h o s e  commonly found i n  r e p r o c e s s i n g  
a p p l i c a t i o n s ,  t h e  t empera tu res  of  i n t e r e s t  are 15 t o  2 5 ° C  

h i g h e r .  
The comparison w a s  conducted by f i r s t  c o n v e r t i n g  t h e  

e x p e r i m e n t a l  c o n d i t i o n s  and d i s t r i b u t i o n  c o e f f i c i e n t s  from 
t h e  l i t e r a t u r e  t o  t h e  s o l u t e - f r e e  b a s i s  as used i n  the  UCOR 
s u b r o u t i n e  of SEPHIS. The UCQR s u b r o u t i n e  w a s  used t o  
c a l c u l a t e  p r e d i c t e d  d i s t r i b u t i o n  c o e f f i c i e n t s  on a s o l u t e -  
f ree  b a s i s  fo r  uranium, p lu tonium,  and n i t r i c  a c i d .  T h e  

error r a t i o  used  t o  compare t h e  UCOR model w i t h  t h e  e x p e r i -  
men ta l  d a t a  w a s :  
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E r r o r  X 
- C a l  - Exp - 

EXP 
100 

where C a l  i 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  p r e d i c t e d  by UCOR, 

and Exp i s  t h e  cor responding  expe r imen ta l  d i s t r i b u t i o n  
c o e f f i c i e n t  c a l c u l a t e d  on a s o l u t e - f r e e  basis.  

The e r r o r  r a t i o s  f o r  uranium, plutonium, and n i t r i c  
a c i d  were t h e n  p l o t t e d  as f u n c t i o n s  of uraniui:i c o n c e n t r a t i o n ,  
plutonium c o n c e n t r a t i o n ,  n i t r i c  a c i d  c o n c e n t r a t i o n ,  tempera- 
t u r e ,  and expe r imen te r  number t o  de te rmine  g e n e r a l  t r e n d s  i n  
t h e  e r r o r  r a t i o .  The r a t i o  p l o t s  are shown i n  F i g s .  1 
through 15  i n  Appendix A .  

The exper imenter  number used on t h e  p l o t s  t o  examine 
t r e n d s  from one exper imenter  t o  a n o t h e r  r e f e r s  t o  t h e  four -  
d i g i t  number a s s i g n e d  t o  t h e  d a t a  p o i n t  by P c t r i c h  and i s  
d e f i n e d  as f o l l o w s :  

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

exper iment  w a s  performed. For  example, t h e  number 1 i s  
a s s i g n e d  t o  t h e  United S t a t e s :  2 ,  G r e a t  B r i t a i n ;  3 ,  France ;  
4 ,  U S S R ;  5 ,  Germany; 6 ,  Japan;  7 ,  Bel.giwn; 8 ,  I n d i a ;  and 9 ,  

o t h e r s .  
The second d i g i t  i n d i c a t e s  how t h e  d a t a  w e r e  e x t r a c t e d  

from t h e  l i t e r a t u r e .  For example; t h e  numbers 0 t o  6 i n d i -  
c a t e  t h e  numer i ca l  v a l u e  i n  t h e  o r i g i n a l  r e p o r t ;  t h e  number 7 

means t h a t  data  w e r e  o b t a i n e d  from a graphical .  r e p r e s e n t a t i o n  
e s t i m a t i n g  one aqueous c o n c e n t r a t i o n ;  8 ,  o b t a i n e d  from a 
g r a p h i c a l  r e p r e s e n t a t i o n ;  and 9 ,  one aqueous c o n c e n t r a t i o n  
had t o  be e s t i m a t e d .  

The t h i r d  and f o u r t h  d i g i t s  are  s e q u e n t i a l  d a t a  p o i n t  
numbers. For  exampleS a n  expe r imen te r  number 1 2 0 7  i n d i c a t e s  
t h a t  t h e  experinlent  w a s  performed in t h e  United S ta tes ,  t h a t  
t h e  d a t a  came f r o m  a numer ica l  v a l u e  i n  t h e  o r i g i n a l  r e p o r t ,  
and t h a t  t h e  d a t a  p o i n t  i s  t h e  seven th  t a k e n  from t h e  r e p o r t .  
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The p l o t  of t h e  error r a t i o  € o r  plutonium d i s t r i b u t i o n  
c o e f f i c i e n t s  as  a f u n c t i o n  of t empera tu re  ( F i g .  9 ,  Appendix A)  
i n d i c a t e d  a n  i n c r e a s e  i n  t h e  error as t h e  t empera tu re  w a s  
i n c r e a s e d .  The error r a t i o s  f o r  uranium d i s t r i b u t i o n  
c o e f f i c i e n t s  appeared  t o  l i e  abou t  t h e  z e r o  e r r o r  l i n e ,  and 
no a t t e m p t  w a s  made t o  improve upon t h a t  p o r t i o n  of t h e  
model. The p l o t s  of t h e  e r r o r  r a t i o s  f o r  t h e  n i t r i c  acid 
d i s t r i b u t i o n  c o e f f i c i e n t s  showed no t r e n d s  on any of t h e  
p l o t s  o t h e r  t h a n  c o n s i d e r a b l e  sca t te r .  N o  a t t e m p t  w a s  made 
t o  improve t h e  model of t h e  n i t r i c  a c i d  d i s t r i b u t i o n  coe f -  
f i c i e n t  because  of a l a c k  of c o n s i s t e n t  r e l i a b l e  data .  

The a p p a r e n t  t r e n d  i n  t h e  p lu tonium d i s t r i b u t i o n  
c o e f f i c i e n t  e r r o r  r a t i o  w a s  ana lyzed  u s i n g  t h e  s t a t i s t i c a l  
a n a l y s i s  system (SAS)  Data p o i n t s  f o r  n i t r i c  acid less 
t han  0 . 3  M w e r e  d i s c a r d e d  d u r i n g  t h e  l e a s t - s q u a r e s  f i t t i n g  
p rocedures  because  of  t h e  p o s s i b l e  o c c u r r e n c e  of  a plutonium 
polymer and i t s  e f f e c t  on t h e  e x p e r i m e n t a l  d a t a .  With t h e  
e l i m i n a t i o n  of low-acid d a t a  sets, d a t a  sets c o n t a i n i n g  no 
plutonium d i s t r i b u t i o n  v a l u e s  
t h a t  w e r e  widely d i s p l a c e d  from t h e  b u l k  of  t h e  d a t a ,  675  
d a t a  p o i n t s  remained f o r  use i n  t h e  f i t t i n g  p rocedures .  I t  
should  be n o t e d  t h a t  w h i l e  low-acid v a l u e s  w e r e  n o t  used i n  

and d i s t r i b u t i o n  c o e f f i c i e n t s  

t h e  f i t t i n g  p r o c e d u r e s ,  t hey  are shown on t h e  p l o t s .  The 
o t h e r  error r a t i o  p o i n t s  t h a t  w e r e  d i s c a r d e d  f o r  o t h e r  
r e a s o n s  a r e  n o t  shown on t h e  p l o t s .  

Table  1 shows t h e  c o r r e l a t i o n  c o e f f i c i e n t s  (R2) t h a t  
w e r e  g e n e r a t e d  f o r  r e g r e s s i o n  models c o n t a i n i n g  a l l  p o s s i b l e  
r e g r e s s i o n s  of t h e  independen t  v a r i a b l e s ,  t h a t  i s ,  uranium 
c o n c e n t r a t i o n ,  p lu tonium c o n c e n t r a t i o n ,  t empera tu re ,  a c i d  
c o n c e n t r a t i o n ,  and t h e i r  cross p r o d u c t s  e ( N o t e  t h a t  on ly  
combina t ions  of v a r i a b l e s  y i e l d i n g  t h e  h i g h e s t  R 2  f o r  t h e  
g i v e n  number of v a r i a b l e s  i n  t h e  model are shown.) These 
combina t ions  showed t h a t  t h e  model as  a f u n c t i o n  of uranium 
c o n c e n t r a t i o n ,  t e m p e r a t u r e ,  and uranium c o n c e n t r a t i o n - a c i d  



T a b l e  1. C o r r e l a t i o n  coef f ic ien ts  f o r  t h e  p l u t o n i u m  
d i s t r i b u t i o n  c o e f f i c i e n t s  error r a t i o  

w i t h  n i t r i c  ac id  > 0 . 3  M 

Variables 
i n  model R2 

1 
2 
3 

4 
5 
6 
7 
8 

9 
1 0  
11 

1 2  
113 
1 4  

0 . 4 2 4 8 5 2 0 0  
0 . 4 5 8 1 4 2 3 6  

0 . 5 4 0 5 6 6 2 6  
0 . 5 5 8 7 2 5 2 6  
0 . 5 6 8 5 9 8 9  2 
0 . 5 9 1 8 3 8 5 4  
0 . 5 7 9 2 4 6 9 8  
0 . 5 8 0 3 4 2 7 4  
0 . 5 8 1 1 7 7 6 2  
0 . 5 8 2 1 0 2 0 1  
0 . 5 8 2 8 3 3 5 6  
0 . 5 8 3 1 0 6 3 0  
0 . 5 8 3 2 7 3 3 6  
0 . 5 8 3 2 8 4 6 3  

T 

T V 4  

U T  

U T  

U T  

U T  

U T  

U H  

U H  

U H  

v3 
v 2  v 3  
v1 v 2  v3 
v1 v2 v 3  v 9  
V I  v 2  v3 V8 v 9  
T V I  v 2  v 3  V 8  V I 0  
T v1 v 2  v 3  V8 V9 v 1 0  
T V 1  V2 V3 V6 V8 V9 V I 0  

V a r  i ab  lesa 

U P u  H T Vl V2 V 3  V6 V %  V9 V10 
I: Pu H T V 1  V2 V3 V 4  V6 V8 V9 V10 
U P u  M T V 1  V2 V3 V 4  V 5  V6 V 8  V9 V10 
U P u  H T V 1  V2 V 3  V 4  V 5  V6 V7 V% V9 V 1 0  

a U = uranium c o n c e n t r a t i o n ;  P u ,  p lu ton ium concen t r a t ion ;  H, 
n i t r i c  acid concentrat ion;  T ,  temperature;  V I ,  U*Pu; V2, U-U; 
V3, U*H; V 4 ,  U-T; V 5 ,  P u * P u ;  VG, Pu-M; V7,  Pu-T; V8, H*H; V9, 
HOT; and V10, T O T .  
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c o n c e n t r a t i o n  had a n  R2 of 0 . 5 4 0 5 7  and t h a t  a d d i t i o n a l  
v a r i a b l e s  added v e r y  l i t t l e  t o  t h e  improvement of t h e  f i t .  
The g e n e r a l  l i n e a r  models (GLM) p rocedure  w a s  t h e n  used t o  
de te rmine  t h e  c o e f f i c i e n t s  of t h e  e q u a t i o n ,  u s i n g  t h e  prob- 
able model as p r o j e c t e d  by t h e  c o r r e l a t i o n  c o e f f i c i e n t s .  
The s e l e c t e d  e q u a t i o n  f o r  t h e  model ' s  d e v i a t i o n  from t h e  
e x p e r i m e n t a l  d a t a  i s  : 

D e v i a t i o n  = - 4 3 . 2 2 2  + 1.31175 T 

f 74.3578 U - 17.5829 * U H - ( 2 2 )  

The s t a n d a r d  d e v i a t i o n  f o r  t h i s  e q u a t i o n  is  17.818, and t h e  
n u l l  h y p o t h e s i s  t e s t  of t h e  c o e f f i c i e n t s  i n d i c a t e d  t h a t  each  
t e r m  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  model. S i n c e  t h e  
" d e v i a t i o n "  i s  t h e  f i t  of t h e  e r r o r  r a t i o  of t h e  plutonium 
d i s t r i b u t i o n  c o e f f i c i e n t ,  t h i s  e q u a t i o n  w a s  used t o  
generate a c o r r e c t i o n  f a c t o r  of t h e  f o l l o w i n g  form: 

Cal Exp = D e v i a t i o n  + 

1QQ 

This  c o r r e c t i o n  w a s  added t o  UCOR by d i v i d i n g  t h e  plutonium 
d i s t r i b u t i o n  c o e f f i c i e n t  (as g e n e r a t e d  by t h e  model) by 
(devia t ion / lOO)  + 1 b e f o r e  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  
were r e t u r n e d  t o  t h e  c a l l i n g  r o u t i n e .  The c o r r e c t i o n  w a s  
a l so  added t o  t h e  program t h a t  g e n e r a t e d  t h e  e r r o r  r a t i o s ;  a 
new set of error r a t i o  p l o t s  ( F i g s .  1 6  th rough 2 0 ,  Appendix A )  

w a s  produced. T h e  f i g u r e s  show t h a t  when compared t o  
earlier p l o t s  of t h e  u n c o r r e c t e d  p r e d i c t i o n s ,  t h e r e  a p p e a r s  
t o  be l i t t l e  or  no e f f e c t  on plots i n  which t h e  error ra t ios  
a r e  shown as a f u n c t i o n  of uranium, p lu tonium,  or n i t r i c  
a c i d  c o n c e n t r a t i o n .  

I t  w a s  n o t e d  t h a t  t h e  p l o t  of t h e  e r r o r  r a t i o s  as a 
f u n c t i o n  of t e m p e r a t u r e  appeared  t o  be  s h i f t e d  t o  t h e  
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n e g a t i v e  s i d e ,  and t h a t  t h e  few ext remely  h igh  e r r o r  r a t i o  
p o i n t s  might  be  t h e  cause  of t h i s  s h i f t .  T o  v e r i f y  t h i s  
h y p o t h e s i s ,  d a t a  p o i n t s  showing a n  e r r o r  r a t i o  h i g h e r  t han  
1 0 0 %  w e r e  e l i m i n a t e d  and t h e  c o r r e c t i n g  p r o c e s s  w a s  r e p e a t e d ,  

The c o r r e l a t i o n  c o e f f i c i e n t s  shown i n  Tab le  2 improved 
s l i g h t l y ;  t h i s  w a s  expec ted .  Again,  l i t t l e  improvement w a s  
s een  i n  moving from t h e  t h r e e - c o e f f i c i e n t  e q u a t i o n  t o  t h e  
f o u r - c o e f f i c i e n t  e q u a t i o n .  The b e s t  t h r e e - c o e f f i c i e n t  f i t  
of t h e  error r a t i o s  < 1 0 0 %  w a s :  

Dev ia t ion  = - 41 .3899  + 1 .2452  T 

+ 6 0 . 0 4 5 3  U - 13.9682 U H . ( 2 4 )  

The s t a n d a r d  d e v i a t i o n  of t h i s  e q u a t i o n  is  15.851. This  
c o r r e c t i o n  w a s  t h e n  added t o  UCOR and a new set  of e r r o r  
r a t i o s  was g e n e r a t e d ,  which are shown i n  F i g s .  2 1  th rough 2 5  
i n  Appendix A. 

I f  t h e  model c o r r e c t l y  f i t s  t h e  d a t a ,  t hen  t h e  e r r o r  
r a t i o  shou ld  be ze ro .  To v e r i f y  t h a t  t h e  correction f a c t o r s  
improved t h e  ear l ie r  model, t h e  mean and s t a n d a r d  d e v i a t i o n s  
were de termined  for  e r r o r  r a t i o s  c a l c u l a t e d  u s i n g  UCOR 

b e f o r e  t h e  m o d i f i c a t i o n ,  u s i n g  UCOR modi f ied  by t h e  c o r r e c t i o n  
f a c t o r  f o r  a c i d  > 0 . 3  M ,  and u s i n g  UCOK modi f ied  by t h e  
c o r r e c t i o n  f a c t o r  f o r  a c i d  > 0 . 3  M and p o i n t s  w i t h  e r r o r  
r a t i o s  < 1 0 0 % .  The overa l l  mean and s t a n d a r d  d e v i a t i o n s  of 
t h e  error r a t i o s  of t h e  models a r e  as f o l l o w s :  

Mode 1 Mean d e v i a t i o n  S tanda rd  d e v i a t i o n  
I-__- 

Uncorrected -0 .2129  23.43 
Acid 0 . 3  M -0 .1125  16.88 
Acid > 0.3  M ,  error 

r a t io s  < 1 0 0 %  0 . 3 7 9 9  1 6 . 9 7  



Table 2 .  C o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  plutonium d i s t r i b u t i o n  
c o e f f i c i e n t s  e r r o r  r a t i o  w i t h  n i t r i c  acid > 0 . 3  M 

and a maximum e r r o r  r a t i o  of 1 0 0 %  

V a r i a b l e s  
i n  model R 2  

~ 

Variablesa 

1 

2 

3 
4 
5 
6 
7 
8 

9 
1 0  
11 

1 2  
1 3  
1 4  

0 . 4 5 3 5 4 5 3 1  
0 . 4 8 3 1 2 3 0 8  

0 . 5 4 4 3 0 9 6 3  

0 . 5 6 5 0 6 3 6 6  
0 . 5 7 4 4 7 0 8 9  
0 . 5 7 8 7 9 2 4 6  
0 . 5 8 7 3 6 1 8 6  
0 . 5 8 8 7 1 2 0 4  
0 . 5 9 0 1 9 6 0 9  
0 . 5 9 0 6 0 7 5 3  
0 . 5 9 0 8 5 5 3 4  
0 . 5 9 1 1 7 6 2 1  
0 . 5 9 1 2 4 0 6 3  

0 5 9 1 2 8 4 8 6  

T 

T v4 
U T V 3  

U T V2 V 3  
U T V I  V2 V3 
U T V 1  V2 V3 V9 

U T VI. V2 V 3  V8  V9 

U T V I  V2 V3 V 4  V 8  V9 
U T V 1  V2 V3 V4 V6 V 8  V9 
U T V1 V2 V 3  V4 V 5  V6 V8 V9 
u T v1 v 2  v3 v 4  v5 v 6  V 7  U8 V9 

U Pu T V l  V2 V 3  V4  V 5  V6 V7 V8 V9 
U Pu T V1 V2 V3 V4 V 5  V6 V7 V8 V9 V10 
U Pu H T V 1  V2 V 3  V 4  V 5  V6 V7 V 8  V9 V10 

U = uranium c o n c e n t r a t i o n ;  Pu, plutonium c o n c e n t r a t i o n ;  H ,  n i t r i c  
a c i d  c o n c e n t r a t i o n ;  T ,  t empera ture :  V l ,  UsPu: V2, U * U ;  V 3 ,  U*H; 
V4, U-T; V 5 ,  Pu-Pu; V6, Pu-H; V7, PueT; V 8 ,  H-H: V9, H=T: and 
V10,  T O T .  

a 
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The mean and s t a n d a r d  d e v i a t i o n s  w e r e  based on d a t a  p o i n t s  
t h a t  d e v i a t e d  by < 1 0 0 %  from t h e  model d a t a  t o  t h e  e x p e r i -  
menta l  d a t a .  T h i s  procedure  removed some of t h e  wide ly  
s c a t t e r e d  p o i n t s .  S i x  p o i n t s  w e r e  removed by t h i s  res t r ic-  
t i o n ,  l e a v i n g  6 6 9  p o i n t s  t o  be  c o n s i d e r e d .  

A computer program, COEFF. D P S ,  u t i l i z i n g  model one 
(based  on a l l  da ta  w i t h  a c i d  c o n c e n t r a t i o n s  > 0 . 0 3  M), 
d e s c r i b e d  above,  w a s  w r i t t e n  t o  produce t a b u l a r i z e d  d i s t r i -  
b u t i o n  c o e f f i c i e n t s  f o r  r a p i d  comparison w i t h  expe r imen ta l  
d a t a  and,  more i m p o r t a n t l y ,  t o  a i d  i n  f lowshee t  d e s i g n .  
Using t h e s e  t a b l e s ,  t h e  d e s i g n  e n g i n e e r  can q u i c k l y  deter- 
mine t h e  e f f e c t s  of changes in o p e r a t i n g  pa rame te r s  on a 
c o n t a c t o r ' s  performance.  Equ i l ib r ium diagrams can a l s o  be 
r a p i d l y  produced t o  de t e rmine  whether  a g i v e n  f l o w s h e e t  w i l l  
perform as desired. The COEFF.  D I S  program e l i m i n a t e s  much 
of t h e  t r i a l  and error methods expe r i enced  w i t h  t h e  MATEX o r  
SEPHIS programs. 

Appendix €3 c o n t a i n s  t h e  p r e d i c t e d  d i s t r i b u t i o n  c o e f f i -  
c i e n t s  f o r  t h e  fo l lowing  r anges :  uranium c o n c e n t r a t i o n ,  0 
to  200  g/k; p lu tonium(IV)  c o n c e n t r a t i o n ,  0 t o  1 0 0  y/k; 
n i t r i c  ac id ,  0 . 1  t o  5 M i  t empera tu re ,  40 t o  5 0 ° C ;  TBP, 3 0 % ;  
i n e x t r a c t a b l e  n i t r a t e ,  0 ;  and p l u t o n i u m ( I I 1 )  c o n c e n t r a t i o n ,  
0 .  These r anges  are by no means t h e  l i m i t s  of t h e  model b u t  
w e r e  chosen t o  l i m i t  t h e  number of  t a b l e s  p r e s e n t e d .  Tables 

i n  any o t h e r  s p e c i f i c  r ange  can be g e n e r a t e d  u s i n g  t h e  
computer program COEFF. DIS. A word of c a u t i o n :  w h i l e  
d i s t r i b u t i o n  c o e f f i c i e n t s  are g i v e n  i n  t h e  tables f o r  such 
c o n d i t i o n s  as 9 5  g/L plutonium, trace uranium, and 0 . 1  M 
H N 0 3 ,  t h e r e  is a h i g h  p r o b a b i l i t y  t h a t  a plutonium polymer 
w i l l  be  a dominant s p e c i e s .  I t  is  v i t a l  t h a t  one remembers 
t h a t ,  even i f  a v a l u e  can  be c a l c u l a t e d ,  t h i s  does  n o t  
i n d i c a t e  t h a t  t h e  r e s u l t  w i l l  be  u s e f u l .  

Appendix C c o n t a i n s  t h e  u s e r ' s  g u i d e  f o r  COEFF. DIS, 
and Appendix E) c o n t a i n s  a program l i s t i n g  of COEFF. DXS and a 
sample of job c o n t r o l  language ( J C L )  f o r  i t s  u s e .  



4 .  CONCLUSIONS 

The p r e s e n t  model does an  adequa te  j o b  of p r e d i c t i n g  
t h e  uranium d i s t r i b u t i o n  c o e f f i c i e n t s  up t o  350 g/E uranium, 
w i t h  o n l y  trace amounts of plutonium i n  t h e  aqueous phase .  
Data a v a i l a b l e  f o r  u s e  i n  t h i s  s t u d y  w e r e  c o n c e n t r a t e d  i n  
t h e  range  < 200 g/k uranium and < 20 g/E plutonium. 
r ange ,  t h e  o u t s i d e  l i m i t  of e r r o r  r a t i o  w a s  ? 4 0 % .  Above 
20 g / a  plu tonium,  t h e  error r a t i o s  are more scattered and,  
i n  s e v e r a l  cases, are above 80%.  When u s i n g  t h i s  model, one 
shou ld  a t t e m p t  t o  s t a y  below 20 g/L plutonium t o  remain 
c o n f i d e n t  o f  t h e  r e s u l t s .  

I n  t h i s  

The p lu tonium d i s t r i b u t i o n  c o e f f i c i e n t s  should  be  
modi f ied  by d i v i d i n g  t h e  p r e s e n t  plutonium d i s t r i b u t i o n  
c o e f f i c i e n t  by : 

1.0 - 0 . 4 3 2 2 2  f 0.0131175 (Temp, "C) 

f 0.743578 (U) -. 0.175829 (U) (HN03) 

where 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  and t h e  c o n c e n t r a t i o n s  
are i n  s o l u t e - f r e e  (molal) u n i t s .  The u s e f u l  r ange  of t h e  
p r e d i c t e d  plutonium d i s t r i b u t i o n  c o e f f i c i e n t  i s  t h e  same as 
t h a t  f o r  uranium. The d a t a  scatter f o r  plutonium i s  some- 
what g r e a t e r  t h a n  t h a t  f o r  uranium; however, on ly  28 of 6 7 5  
data  p o i n t s  are i n  d i sag reemen t  by more t h a n  50%. 

v a r i e d  from t h e  e x p e r i m e n t a l  p o i n t s  by up t o  110%, w i t h  
c o n s i d e r a b l e  scat ter .  T h i s  cou ld  be e i t h e r  t h e  f a u l t  of t h e  
model o r  t h e  d a t a .  Only l i m i t e d  con f idence  shou ld  be p l a c e d  
i n  t h e  p r e d i c t e d  n i t r i c  a c i d  d i s t r i b u t i o n  c o e f f i c i e n t s .  

The d a t a  used for comparison covered  a t empera tu re  
r ange  from 20 t o  7 O o C ,  acid from 0 . 0 1  t o  1 1 . 0  M ,  and i n c l u d e d  
i n p u t  from numerous c o u n t r i e s .  

The model f o r  n i t r i c  a c i d  d i s t r i b u t i o n  c o e f f i c i e n t s  
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The o r i g i n a l  model by Richardson used a s  a basis f o r  
t h i s  s t u d y  performs w e l l ;  t h i s  can be i n f e r r e d  by t h e  f a c t  
t h a t  o n l y  a s i n g l e  c o r r e c t i o n  e q u a t i o n  w a s  added t o  it. 
However, much work remains t o  be done t o  a c c u r a t e l y  p r e d i c t  
t h e  c o r r e c t  n i t r i c  a c i d  d i s t r i b u t i o n s .  

5 .  CALL FOR DATA 

A s  s t a t e d  ear l ier ,  much of t h e  d a t a  used t o  c o r r e c t  the 
e x i s t i n g  model falls i n t o  t h e  lower t empera tu re  range  and 
r e p r e s e n t s  t h e  use of on ly  3 0 9  TBP. Data a r e  needed f o r  
o t h e r  TBP c o n c e n t r a t i o n s  and for h i g h e r  t empera tu res .  A 

common d a t a  base  may help t o  ex tend  t h e  e x i s t i n g  model 
towards more a c c u r a t e  p r e d i c t i o n s  o r  l e a d  t o  t h e  development 
of a new model. W e ,  t h e r e f o r e ,  would be most g r a t e f u l  t o  
any worker  i n  t h i s  f i e l d  who would make d a t a  a v a i l a b l e  for 
i n p u t  i n t o  t h i s  f i l e .  The n i t r i c  a c i d  d a t a  is widely scat-  
tered; t h e r e f o r e ,  any a d d i t i o n a l  d a t a  on n i t r i c  a c i d  d i s t r i -  

b u t i o n  would be of g r e a t  v a l u e  t o  t h e  development of an 
improved model. 
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NOMENCLATURE 

D - D i s t r i b u t i o n  c o e f f i c i e n t s  
F - TBP c o n c e n t r a t i o n ,  v a l  % 

H - N i t r i c  a c i d  c o n c e n t r a t i o n  i n  molar u n i t s  
h - N i t r i c  a c i d  c o n c e n t r a t i o n  i n  m o l a l  u n i t s  
K - Equi l ib r ium c o n s t a n t  
n - T o t a l  n i t r a t e  c o n c e n t r a t i o n  i n  mola l  u n i t s  
Pu - Plutonium(1V) c o n c e n t r a t i o n  i n  molar u n i t s  
pu - Plutonium(1V) c o n c e n t r a t i o n  i n  mola l  u n i t s  
pu3 - Plutonium(LI1)  c o n c e n t r a t i o n  i n  mola l  u n i t s  
T - Temperature,  "C 
t - 3.65145 F 

S - I n e x t r a c t a b l e  n i t r a t e  c o n c e n t r a t i o n  i n  molar u n i t s  
U - Uranium c o n c e n t r a t i o n  i n  molar u n i t s  
u - Uranium c o n c e n t r a t i o n  i n  mola l  u n i t s  
w - Water c o n c e n t r a t i o n  i n  TBP phase  i n  molal u n i t s  
X - Concen t ra t ion  i n  molar u n i t s  f o r  aqueous phase  
x - Concen t ra t ion  i n  molal u n i t s  f o r  aqueous phase  
Y - Concen t ra t ion  i n  molar u n i t s  for o r g a n i c  phase  
y - Concen t ra t ion  i n  mola l  u n i t s  for o r g a n i c  phase  
T - Temperature c o r r e c t i o n  t e r m  

S u b s c r i p t s  

u - Uranium 
pu - Plutonium 
h l  - N i t r i c  ac id  a s s o c i a t e d  w i t h  1 TBP 

h2 - N i t r i c  a c i d  a s s o c i a t e d  w i t h  2 TBP's 
a - Aqueous phase  
0 -- Organic  phase  

S u p e r s c r i p t s  

* - A t  1 0 0 %  TBP and 25°C 
- Mass a c t i o n  



Appendix A 

D i s t r i b u t i o n  Coefficient Error P l o t s  

A-l 
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URANIUM CONCENTRATION IN AQUEOUS PHASE - g/l 

F i g .  A.l. E r r o r  r a t io  of t h e  uranium d i s t r i b u t i o n  
c o e f f i c i e n t  vs uranium c o n c e n t r a t i o n .  Error  r a t i o  = 

x 1 0 0 ;  c a l c u l a t e d  v a l u e  c a l c u l a t e d  value - expe r imen ta l  v a l u e  
e x p e r i m e n t a l  v a l u e  

is from u n c b r r e c t e d  UCOR s u b r o u t i n e .  
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PLUTONIUM CONCENTRATION IN AQUEOUS PHASE - g/l 

F i g .  A . 2 .  E r r o r  r a t i o  of t h e  uranium d i s t r i b u t i o n  
c o e f f i c i e n t  v s  plutonium(1V) c o n c e n t r a t i o n .  E r r o r  r a t i o  = 
c a l c u l a t e d  v a l u e  - expe r imen ta l  value 

expe r imen ta l  v a l u e  
is from uncor rec t ed  UCOR s u b r o u t i n e .  

x 1 0 0 ;  c a l c u l a t e d  value 
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NITRIC ACID CONCENTRATION IN AQUEOUS PHASE -E 

F i g .  A . 3 .  Error  r a t i o  of t h e  uranium d i s t r i b u t i o n  
c o e f f i c i e n t  v s  n i t r i c  acid c o n c e n t r a t i o n .  E r r o r  r a t i o  = 
c a l c u l a t e d  v a l u e  - expe r imen ta l  v a l u e  

e x p e r i m e n t a l  value x 100; c a l c u l a t e d  value 
i s  from u n c b r r e c t e d  UCOR s u b r o u t i n e .  
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Fig .  k.4. E r r o r  r a t i o  of t h e  uranium d i s t r i b u t i o n  
c o e f f i c i e n t  vs t empera tu re .  Error  r a t i o  = 
c a l c u l a t e d  v a l u e  - e x p e r i m e n t a l  v a l u e  

e x p e r i m e n t a l  v a l u e  x 1 0 0 ;  c a l c u l a t e d  value 
is f r o m  u n c b r r e c t e d  UCOR s u b r o u t i n e .  
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F i g .  A . 5 .  Error  r a t i o  of t h e  uranium d i s t r i b u t i o n  
c o e f f i c i e n t  vs expe r imen te r  number. Er ror  r a t i o  = 
c a l c u l a t e d  v a l u e  - expe r imen ta l  v a l u e  

e x p e r i m e n t a l  v a l u e  
is f r o m  u n c o r r e c t e d  UCOR s u b r o u t i n e .  

x 1 0 0 ;  c a l c u l a t e d  v a l u e  
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URANIUM CONCENTRATION IN AQUEOUS PHASE - g/l 

F i g .  A . 6 .  E r r o r  r a t i o  of the plutonium(1V) d i s t r i b u t i o n  

calculated value 
c o e f f i c i e n t  v s  uranium c o n c e n t r a t i o n .  Error  r a t i o  = 
c a l c u l a t e d  v a l u e  - expe r imen ta l  v a l u e  

expe r imen ta l  v a l u e  
i s  f r o m  u n c o r r e c t e d  UCOR s u b r o u t i n e .  



A-9 

400 0 

350 0 

t- 3000 

u z 
E 
5 
6 2000 

3 

IL u. 
2500 

t- 

P 
a 
3 1500 
a 
2 
K W 

de 1000 

50 0 

0 0  

50 0 

ORNL-DWG 79-7093 

DlSTRlEiUTlON COEFFICIENT ERROR 

41 , 't 
't 

1 , __. -~ ~ .,.--I._ -100.0 ,. . ~- ~-~-.I ~ r--  

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0 140.0 

PLUTONIUM CONCENTRATION IN AOUEQUS PHASE- gil 

F i g .  A . 7 .  Error r a t i o  of t h e  plutonium(1V) d i s t r i b u t i o n  

calculated value 
c o e f f i c i e n t  vs plutonium(1V) c o n c e n t r a t i o n .  Error r a t i o  = 
c a l c u l a t e d  value - e x p e r i m e n t a l  v a l u e  

e x p e r i m e n t a l  v a l u e  
i s  from u n c o r r e c t e d  UCOR s u b r o u t i n e .  
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NITRIC ACID CONCENTRATION IN AQUEOUS PHASE -E 

Fig .  A . 8 .  E r r o r  r a t i o  of t h e  plutonium(1V) d i s t r i b u t i o n  

- x 1 0 0 ;  c a l c u l a t e d  v a l u e  

c o e f f i c i e n t  vs n i t r i c  acid c o n c e n t r a t i o n .  
c a l c u l a t e d  v a l u e  - expe r imen ta l  v a l u e  

expe r imen ta l  v a l u e  
i s  f r o m  u n c o r r e c t e d  UCOR s u b r o u t i n e .  

Error r a t i o  = 
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F i g .  A . 9 .  E r r o r  ra t io  of t h e  plutonium(1V) d i s t r i b u t i o n  
c o e f f i c i e n t  vs t empera tu re .  E r r o r  r a t i o  = - 
c a l c u l a t e d  v a l u e  - e x p e r i m e n t a l  v a l u e  

e x p e r i m e n t a l  v a l u e  x 1 0 0 ;  c a l c u l a t e d  v a l u e  
is from u n c o r r e c t e d  UCOR s u b r o u t i n e .  
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Pig. A.10. Error  r a t i o  of t he  plutonium(1V) d i s t r i b u t i o n  
c o e f f i c i e n t  v s  expe r imen te r  number. E r r o r  ratio = - 

x 1 0 0 ;  c a l c u l a t e d  value c a l c u l a t e d  v a l u e  - e x p e r i m e n t a l  v a l u e  
e x p e r i m e n t a l  v a l u e  

i s  f r o m  u n c o r r e c t e d  UCOR s u b r o u t i n e .  
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LJRANIUM CONCENTRATION IN AQUEOUS PHASE .- g/l 
360 

F i g .  A . l l .  E r r o r  r a t i o  of t h e  n i t r i c  acid d i s t r i b u t i o n  
c o e f f i c i e n t  vs  uranium c o n c e n t r a t i o n .  E r r o r  r a t i o  = 
c a l c u l a t e d  v a l u e  - e x p e r i m e n t a l  v a l u e  

e x p e r i m e n t a l  v a l u e  
is  f r o m  u n c o r r e c t e d  UCOR s u b r o u t i n e .  

x L O O ;  c a l c u l a t e d  v a l u e  
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PLUTONIUM CONCENTRATION IN AQUEOUS PHASE - g/l 

F i g .  A.12. Error  r a t i o  of t h e  n i t r i c  acid d i s t r i b u t i o n  
c o e f f i c i e n t  v s  plutonium(1V) c o n c e n t r a t i o n .  Error  r a t i o  = 

x 1 0 0 ;  c a l c u l a t e d  v a l u e  c a l c u l a t e d  v a l u e  - expe r imen ta l  v a l u e  
expe r imen ta l  v a l u e  

is from u n c b r r e c t e d  UCOR s u b r o u t i n e .  
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F i g .  A . 1 3 ,  E r r o r  r a t i o  of t h e  n i t r i c  acid d i s t r i b u t i o n  
c o e f f i c i e n t  vs n i t r i c  acid c o n c e n t r a t i o n .  E r r o r  r a t i o  = 
c a l c u l a t e d  v a l u e  - e x p e r i m e n t a l  v a l u e  

e x p e r i m e n t a l  v a l u e  calculated value 

1 

11 .o 

i s  from u n c o r r e c t e d  UCOR s u b r o u t i n e .  
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Fig .  A.14. Error r a t i o  of t h e  n i t r i c  acid d i s t r i b u t i o n  
c o e f f i c i e n t  vs t empera tu re .  E r r o r  r a t i o  = 
c a l c u l a t e d  v a l u e  - expe r imen ta l  v a l u e  

expe r imen ta l  va lue  calculated value 
is from u n c b r r e c t e d  UCOR s u b r o u t i n e .  
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F i g .  A . 1 5 .  E r r o r  r a t i o  of t h e  n i t r i c  acid d i s t r i b u t i o n  
c o e f f i c i e n t  v s  expe r imen te r  number. Error  r a t i o  = - 

x 100; c a l c u l a t e d  v a l u e  c a l c u l a t e d  v a l u e  - e x p e r i m e n t a l  v a l u e  
e x p e r i m e n t a l  v a l u e  

is from u n c b r r e c t e d  UCOR s u b r o u t i n e .  



A-18 

300.0 1 
ORNL-DWG 73-7101 

DISTRIBUTION COEFFICIENT ERROR 

250.0 I$ 
Q 

n 
c L3 

. .. .... 
I I I I .......... , .r -? 

I I ., -100.0 I I 

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0 220.0 240.0 26fl.0 2830.0 300.0 320.0 340.0 360.0 

URANIUM CONCENTRATION IN AQUEOUS PHASE -g/l 

Fig .  A.16. Error ratio of the plutoniwn(1V) distribution 
coefficient vs uranium concentration. 
calculated value - experimental value 

experimental value 
is from corrected UCOR subroutine based on data points w i t h  
nitric acid > 0.03 M. 

Error r a t i o  = 

x 100; calculated value 
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PLUTONIUM CONCENTRATION I N  AOUEOUS PHASE--9/1 

F i g .  A . 1 7 .  Error  r a t i o  of t h e  plutonium(1V) d i s t r i b u t i o n  
c o e f f i c i e n t  vs  plutonium(1V) c o n c e n t r a t i o n .  Error  r a t i o  = 
c a l c u l a t e d  v a l u e  - e x p e r i m e n t a l  v a l u e  x 100; c a l c u l a t e d  value e x p e r i m e n t a l  va lue  
i s  f r o m  c o r k e c t e d  UCOR s u b r o u t i n e  based on data p o i n t s  w i t h  
n i t r i c  acid > 0 . 0 3  M.  
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NITRIC ACID CONCENTRATION IN AQUEOUSPHASE -p?. 

Fig .  A . 1 8 .  Error r a t i o  of t h e  plutonium(1V) d i s t r i b u t i o n  
c o e f f i c i e n t  vs n i t r i c  acid c o n c e n t r a t i o n .  Error r a t i o  = 

x 100; c a l c u l a t e d  v a l u e  c a l c u l a t e d  v a l u e  - expe r imen ta l  v a l u e  
exDerimenta1 value 

is from c o k e c t e d  UCOR s u b r o u t i n e  based on data p o i n t s  w i t h  
n i t r i c  a c i d  > 0.03  M .  
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F i g .  A . 1 9 .  Error  r a t i o  of t h e  plutonium(1V) d i s t r i b u t i o n  
c o e f f i c i e n t  vs  t e m p e r a t u r e .  Error r a t i o  = - 

x 1 0 0 ;  c a l c u l a t e d  v a l u e  c a l c u l a t e d  v a l u e  - e x p e r i m e n t a l  v a l u e  
e x p e r i m e n t a l  v a l u e  

is  from corrected UCOR s u b r o u t i n e  based on d a t a  p o i n t s  w i t h  
n i t r i c  acid > 0 . 0 3  M .  
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Fig .  A.20. E r r o r  r a t i o  of t h e  p lu ton iun(1V)  d i s t r i b u t i o n  
c o e f f i c i e n t  vs expe r imen te r  number. Er ror  r a t i o  = - 
c a l c u l a t e d  v a l u e  - expe r imen ta l  v a l u e  

expe r imen ta l  v a l u e  x 1 0 0 ;  c a l c u l a t e d  v a l u e  
i s  from corrected UCOR s u b r o u t i n e  based on data p o i n t s  w i t h  
n i t r i c  acid > 0 . 0 3  M .  
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F i g .  A.21. Error  r a t i o  of t h e  plutonium(1V) d i s t r i b u t i o n  
c o e f f i c i e n t  vs uranium c o n c e n t r a t i o n .  E r r o r  ratio = 

x 1 0 0 ;  c a l c u l a t e d  v a l u e  
c a l c u l a t e d  v a l u e  - e x p e r i m e n t a l  v a l u e  

e x p e r i m e n t a l  v a l u e  
is f r o m  c o r k e c t e d  UCOR s u b r o u t i n e  based  on data  p o i n t s  with 
n i t r i c  acid > 0.03 M and a maximum e r r o r  < 1 0 0 % .  
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PLUTONIUM CONCENTRATION IN THE AQUEOUS PHASE - g/l 

F i g .  A . 2 2 .  E r r o r  r a t i o  of t h e  plutoniurn(1V) d i s t r i b u t i o n  
c o e f f i c i e n t  v s  plutonium(1V) c o n c e n t r a t i o n .  Error  ratio = 

c a l c u l a t e d  v a l u e  - expe r imen ta l  v a l u e  x 1 0 0 ;  c a l c u l a t e d  value expe r imen ta l  v a l u e  
is from c o r k e c t e d  UCOR s u b r o u t i n e  based on data points w i t h  
n i t r i c  acid > 0 . 0 3  M and a maximum e r r o r  1 0 0 % .  
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Appendix B 

Distribution coefficient tables and maps 

for uranium, plutonium(IV), and nitric acid 
in the system of uranyl nitrate, plutonium(1V) 

nitrate, nitric acid, water, and 30% TBP in 

aliphatic diluents 
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0 .a5 

0.43 

0.41 

0.39 

0.37 

0 e 3 6  

0.34 

1.19 1.13 

1.06 l a c 1  

0.96 0.52 

0.88 0.34 

0.80 0 .77  
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------------------__---------------------------------------------------------------------------------_- 
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3.83 

3 a 7 0  
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3.05 
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2.85 

2.77 

2.69 

2.6 1 
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2.48 
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3.02 
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2.59 
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2.27 
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3.58 

3.43 
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2.86 
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3.22 
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2.89 
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2.64 

2.56 

2.49 

2.43 

2.36 

2.31 

2.25 

2.20 

3.89 

3.71 

3.54 

3-00 

3.26 
3.14 

3.03 

2.93 

2.83 

2.71 

2.66 

2.59 

2.51 

2-45 

2.38 

2.32 

2.27 

2.2 I 

2.14 
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D I S Y R I B V T I O U  C O E F F I C I E N Y  FOR N l T R I C  ACXO*IOC 

N I T R I C  A C I O  CONC. - H - 3.00 
TBP - VOLUME F R A C T I O N  - 0.300 
1 N E X T R A f f  A8l.E NITRATE-H- 0.0 
PLUTCN IUM ( I I I J - WI-  0.0 
TEYPCFATURE - OEC. C - 50.00 

W A N I U M  : PLUTOUlU41 SONCENTRATION - G/6 
CONC-GEL : 

: TRACE 5.0 10.0 15.0 20.0 25.0 30.0  35.0 40.0 45.0 50 .0  55.0 6 0 . 0  C5.0 7 DO 35.0 0.0 85. 0.0 5. 

10.0 

2 0 . 0  

30.0 

90.0 

50.0 

60.0 

90.0 

80 .0  

90.0 

139.6 

LI0 .0  

120.0 

130.0 

140.0 

150.0 

B60.0 

P’TO.  0 

180.0 

190 .0  

z 11.45 

: 8.71 

: 7.29 

: c.37 

: 5.72 

: 5.23 

: 4.84 

I 4.52 

2 4.23 

: 4.02 
: 3.82 

Z 3.64 

: 1.49 
:: 3.3s 

: 3.22 

: 3.iP 

: 3.00 
z 2.98 

z 2.82 

9.41 

7.68 

6.64 

5.91 

5.37 

4.95 

4.61 

4.33 

4.08 

3.87 

3.69 

3 .s3 

3.38 

3.25 

3.13 

3.03 

2.93 

2.84 

2.75 

8-16 

6.94 

6.12 

5.53 

5-07 

*.?I 

4.41 

4.P5 

3.93 

3.74 

3.57 

3.42 

3.28 

3.16 

3.55 

2 e95 

2.84 

2.77 

2.M 

7.29 

6.36 

5. 7% 

5.211 

4. 81 

4. .%P 

4.22 

3.99 

3.99 

9.6% 

3.46 

3.32 

3.19 

3.08 

2.97 

2.88 

2.79 

a. a0 

2.63 

6.63 

5.90 

5.35 

4.93 

4.59 

4.30 

4.96 

3.85 

3.66 

3.50 

3.35 

3.22 

3.38 

3.00 

2.99 

2.81 

2.72 

2.64 

2.57 

6-12 

5.52 

5.06 

9.69 

4.38 

4.12 

3.90 

3.7 L 

3.54 

3.39 

3.20 

3.13 

3.02 

2.92 

2.83 

2.74 

2.66 

2.58 

2-58 

5.70 

5.19 

4 -80 

4.47 

4.20 

3.97 

3.77 

3.59 

3.43 

3.29 

5-16  

3.05 

2.94 

2 .BS 

2 .a6 

2 -68 

2 -60 

2.53 

2 .M 

5.34 

4.91 

4.5? 

4.28 

4.03 

3.82 

3.64 

3.47 

3.33 

3.20 

3.08 

2.97 

2.87 

2.78 

2 a 6 9  

2.18 

2.54 

2.49 

8.41 

5.04 

4.67 

4.36 

9.10 

3.88 

3-89 

3.52 

3.37 

3.23 

3.1 1 

3.00 

2.89 

2.80 

2.71 

2.63 

9.56 

2.49 

2.42 

2.36 

4.78 

4.45 

4.18 

3.95 

3 .-r4 

3.5r 

3.43 

3.27 

3.l4 

3.02 

2.92 

2.82 

2.73 

2.65 

2.57 

2.50 

2.43 

2.37 

2.31 

4.55 

4-26 

4.01 

3.80 

3 -42 

3.855 

3.31 

3.17 

3.05 

2.95 

2.85 

2 .75 

2 -67 

2.59 

2.52 

2.45 

2 -38 

2.32 

2.26 

4.35 

4.38 

3.84 

3 -67 

3 -50  

3.35 

3.21 

9-09 

2.97 

2.&7 

2.78 

2-69 

2-61 

2.53 

2.46 

2.39 

2 .33 

2.27 

2.22 

4- 17 

3.F3 

3.33 

3. 55 

3.19 

3.15 

3.a2 

3.00 

2.50 

2.80 

2.71 

2.c3 

2.55 

2.48 

2.4% 

2.24 

2.29 

2.23 

2.18 

4.00 

3.79 

3.60 

2.43 

2.29 

3.35 

3.83 

2.52 

t o e 2  

2.99 

2.e5 

2.57 

2.49 

2.42 

2 - 2 6  

2.30 

2.24 

2.19 

2.13 

3.85 

3.c5 

3.48 

3.33 

3.19 

3.07 

2.95 

2.85 

2.75 

2.69 

2.58 

2.51 

2.96 

2 .w 

2.31 

2.25 

2.20 

2. 14 

2.09 

3.7L 

3.53 

3.33. 

3.23 

3-20 

2-98 

2.88 

2.516 

2.69 

2.60 

2.53 

2.45 

2.39 

2.32 

2.26 

2.21 

2.15 

2.10 

2.Q5 

3.58 

3.42 

3.27 

23-14 

3.02 

2.41 

2.88 

2.71 

2.63 

2.55 

2.43 

2.40 

2.34 

2.28 

2.22 

2. le 
2.11 

2.0% 

2 .02  

3.47 

3.31 

3.11 

3.95 

2.94 

2.83 

2.7e 

2.65 

2.57 

2-49 

P.*2 

2.35 

2.29 

2.23 

2.17 

2.12 

2.01 

2.02 

1.98 

3.36 

3.2B 

3.08 

2-99 

2.86 

2.?b 

2.87 

2.59 

2.51 

2.43 

2.37 

2.30 

2.24 

2.19 

2.53 

2-06 

2.03 

P .sa 

I .94 

3.26 

3.12 

3.00 

2.89 

I .?8 

2.89 

2.91 

2.83 

2.65 

2.31 

2.39 

2.26 

2.20 

2.84 

2.09 

a.0a 

2.00 

8.95 

1.9s 



D I S t R I B U T I C N  COEFFICIENT FJP URANIUM 

N l T R l C  A C I D  CCNC. - M - 4 - 0 0  
TBP - VOLUME F R A C T I O N  - 0.300 

T R A C E  

10.0 

20 .0  

30 .O 

40 .o 
50  .O 

c o  .o 
7 0  .o 
8 0  .o 
90 -0 

100.0 

110.0 

120.0 

130.0 

140.0 

150.0 

160.0 

170.0 

1eo.o 
190 .o 

: 2 . 2 7  

: 1 .88  

: 1 . t l  

: 1.41 

! 1 . 2 5  

: 1.13 

: 1.03 0.95 

: 0.94 5 .88  

: 0.87 0.61 

: 0.6L C.76 

: 0.76 5 - 1 1  

: 0.71 0.67  

: 0 .67  0 . 6 3  

: 0.64 0.60 

: 0.60 0 . 5 7  

: 0.57 0.54 

0 .88 

0 .82  

0 .76  

0.71 

0 -67  

0.63 

0 . 6 0  

0 .57  

0.54 

0 .52  

4 - 0 2  

0.76 

0 .71  

0 .67  

0.63 

0 .60  

0 . 5 7  

0 .54  

0.51 

0.49 

0 . 7 7  

0 . 7 2  

0 . € 7  

0 . 6 3  

0.60 

0 . 5 7  

0.5* 

0.51 

0. 49 

0 . 4 7  

0 . 7 2  

0.67 

0 . 6 3  

0.60 

0.57 

0.54 

0.5 L 

0.49  

0 .47  

0.45 

0 . 6 8  0 . 6 4  

0 .64  0 .60  

0.60 0 . 5 7  

0.57 0.54 

0.54 0 .51  

0.51 0 .49  

0 . 4 9  0 . 4 6  

0 . 4 7  0 . 4 4  

0 . 4 5  0.42 

0.63 0 . 4 I  

0.60 

0 . 5 7  

0.54 

0.51 

0 . 4 9  

0.46 

0.44  

0.42 

0.41 

0.39 

0.57 

0.54 

0.51 

0.49 

0.46 

0.44 

0.42 

0.41 

0.39 

0.37 

0.54 

0.51 

0 . 4 9  

0.46 

0.44 

0.42 

0.41 

0 . 3 0  

0.37 

0.36 

0.51 

0 e 4 9  

0 . 4 6  

0 -44 

0.42  

0 e43 

0.39 

0 -37 

0.36 

0.34  

0.49 

0.46 

0.44 

0- 42 

0.40 

0.39 

0.27 

0.26 

0.24 

0.33 

0.4- 

0.44 

3 - 4 2  

6.43 

5.39 

0.27 

8.26 

5.24 

0 . 3 2  

0.22 

0.44 

0.42 

0 - 4 0  

0.39 

0 ~ 3 7  

5.36  

0.34 

0 . 3 3  

0 . 3 2  

0.31 

0.42 

0.40 

0.39 

0.37 

0.36 

0.34 

0.33 

0.32 

0 -30 

0129 

0 . 4 1  

0 . Z 9  

0 . 2 7  

0.26  

0 .34  

0.33 

0 . 3 2  

0.30 

0.29 

0.28  

0.39 

8.37 

0.36 

0.34 

0.33 

0.32  

0.30 

0.29 

0.28 

4.27 

0 .37  

0 e 3 6  

0.34 

0.33 

0.31 

0.30 

0 . 2 9  

0.20 

0.27 

0 .26  

0536 

0.3* 

0 .33  

0.31 

0.30 

0.29 

0.28 

0.27 

0.26 

0.25 
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DISTRIBUTION CCEFFICXENT FOR N I T R I C  A C I C * l O O  

NITRIC 4CIC CCNC. - H - 4.00 
TBP - VOLUME F E b C T f D N  - 5 .305  
1NEXYRACTABLE N I T R A T E - +  0.0 
PLUTCNIUYtI I I )  -G/L- 0 . 0  
fEMPERITURE - DEC. C - 5 0 . 0 0  

TR acc 
10 .o 
20.0 

30.0  

40.0 

50.0 

60 .0  

70.0 

60 .0  

90.0 

t o o  .o 
110.0 

120.0 

130.0 

140.0 

150.0 

160 -0 

170 .O 

180.0 

I 9 0  e 0  

: i0.6€ 11.1- 

: 1 0 . ~ 8  e . ts  

: 7.78 C . 7 5  

: 6.55 5.e9 

: 5 . 7 5  5.26 

5 - 1 9  4.83 

: 4.7f 4.47 

4.42 6 - 1 8  

: 4.14 5 - 9 3  

: 3.,90 9.72 

: 2.70 3.54 

: 7.52 3.28 

: 3 . 3 7  3.24 

2.23 3.11 

: '.LO 3.00 

: 2.99 2.89 

: 2.89 2.80 

: 2.80 2.71 

: 2.71 2.63 

: 2.63 2.56 

B a t 1  

6 .99  

6.04 

5 . 3 9  

4 - 9 0  

4 a 5 3  

4.22 

3.97 

3.75 

3 - 5 6  

3 - 4 0  

3.25 

3 . 1 2  

3 - 0 1  

2.90 

2 .eo 
2.72 

2 - 6 3  

2 e 5 6  

2 - 9 9  

7 - 2 1  

6 . 2 1  

5.50 

4 .99  

4.59 

4.27 

4 .00  

5 . 7 8  

3.59 

3 .42  

3.27 

3. L4 

3.02 

2.91 

2 .81  

2.72 

2 - 6 4  

2.56 

2.49 

2.42 

6 . 4 1  

5.63 

5 - 0 8  

4 - 6 6  

4. '2 

4 .05  

3.81 

3 .61  

3 . 4 4  

3.29 

3 .15  

3.03 

2 .92  

2.62 

2. T 3  

2.64 

2.56 

2.49 

2.42 

2 - 2 6  

s.7e 

5.19 

4.74 

4.38 

a.09 

3.85 

3 -65  

3.47 

3.31 

2 . 1 7  

3.04 

2 -93 

2 -83 

2.73 

2.65 

2 .57  

2.49 

2.42 

2 e 3 6  

2.30 

5.36 

4 .e2 

4.4§ 

4 15 

3 . 8 9  

5.68 

3.49 

3 -33 

3 .19  

5.06 

2.94 

2.84 

2.74 

2 . t 5  

2.57 

2.50 

2.43 

2.36 

2.30 

2.24 

4.92 

4 .52  

4.20 

3.94 

3.72 

3.52 

J . l e  
3 .21  

z .oe  

2 . 9 C  

2 .€!E 

2.7s 

2 . t O  

z . 5 e  

2.50 

2.42 

2.36 

2.30 

2.24 

2.15 

0.60 

b e  26 

3.99 

3. 76 

3-56 

3.38 

3 .23  

3.39 

2.97 

2. 6 6  

20 76 

2.67 

2.58 

2.51 

2.43 

2.37 

2.30 

2.24 

2. a9 

2.14 

4.33 

4.04 

3.80 

3.59 

J . b 1  

3.25 

3.12 

2.99 

2 .88  

2.7': 

2.68 

2.59 

2.51 

2.44 

2.37 

2.31 

2.25 

2.19 

2.  14 

2.09 

4 .10  

3.85 

3.63 

7.44 

3 .28  

3.14 

3.01 

2.€9 

2 . 7 s  

2.59 

2.60 

2 a 5 2  

2.45 

2-36 

2.31 

2.25 

2.19 

2.14 

2 e 0 9  

2.04 

3 -90 

3 -6- 

3.48 

3.31 

3.16 

3.03 

2.01 

2.e3 

2.-0 

2.61 

2.53 

2.65 

2.33 

2.32 

2.25 

2.23 

2.14 

2 - 0 9  

2.54 

1.99 

3.72 

3 - 5 2  

3.34 

3.19 

3.35 

2.53 

2. e2 

2.72 

2.f3 

2.54 

2.46 

2.39 

2.22 

2.26 

2.20 

2.14 

2.39 

2 -94  

1 a99  

1.95 

2 . 5 6  

3.3e 

3.i2 

z.oe 
2.45 

2eE4 

2.72 

2.€4 

2.55  

2.4? 

2.40 

2.33 

2.25 

2.23 

2.15 

2.04 

2.04 

2.00  

1.55 

1.51 

2.41 

3 .25  

3 .15  

2.97 

2.86 

2.75 

2.65 

2.56 

2.48 

2 - 6 1  

2.34 

2.2- 

2.21 
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F i g .  B . l .  D i s t r i b u t i o n  c o e f f i c i e n t  map f o r  uranium, 
and n i t r i c  acid i n  t h e  acid-water/TBP system c o n t a i n i n g  0 
0 t o  1 0 0  g/R Pu(IV), 0 . 1  M HN03 i n  t h e  aqueous phase ,  and 
45OC. 

NITRIC A C I D  

plu tonium (IV) , 
30% TBP a t  
t o  2 0 0  g/a u ,  



ORNL-DWG 79-18957 

-4 NITRIC RCID C3NC. - K - 0.30 

F i g .  B.2. D i s t r i b u t i o n  coefficient map f o r  uranium, p l u t o n i u m ( I V ) ,  
and nitric acid in the acid-water/TBP system containing 0 to 200 g/R U, 
0 to 100 g / a  Pu(lV), 0 . 3  M HN03 in the aqueous phase, and 30% TBP at 
45OC.  
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TE’?PEPVUF(E - DES. I‘ . rS.03 

F i g .  €3.3.  D i s t r i b u t i o n  c o e f f i c i e n t  m a p  f o r  uranium, 
and n i t r i c  a c i d  in the a c i d - w a t e r / T B P  system conta in ing  0 
0 to 1 0 0  gJa P u ( I V ) ,  0 . 5  M HX03 in t h e  aqueous phase, and 
4 5 ° C .  

TRIC RCIO 

plutonium (IV) , 
30% TBP at 
t o  200  g/!L u ,  
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OWL-DWG 79-18958 

NITRIC ACID c(wc. - tl - 2.00 

Fig .  B .5 .  D i s t r i b u t i o n  coefficient map for uranium, p l u t o n i u m ( I V ) ,  
and n i t r i c  acid i n  t h e  a c i d - w a t e r / T B P  system c o n t a i n i n g  0 t o  200 g / a  U ,  
0 t o  1 0 0  g/L Pu(IV} , 2 . 0  M HNO, i n  t h e  aqueous phase, and 30% TBP a t  
45OC. 
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INEXfRACSiteLE NiTRRTE-3- 0.00 

PLUTONIU~ i 1 I I I -e/L- 0. ooo 

TE~PERRTURE - me. c - 45.00 

F i g .  B . 6 .  D i s t r i b u t i o n  coefficient map f o r  uranium, plutonkum(IV), 
and n i t r i c  acid i n  the acid-water/TBP sys tem containing 0 to 200 g / a  U, 
0 to 100 g / a  Pu(IV) I 3 . 0  M MNO3 in the aqueous phase, and 30% TBP a t  
45OC. 



ORNL-DWG 79- 18953 

NITRIC ACID 

F i g .  B .7 .  D i s t r i b u t i o n  c o e f f i c i e n t  map for  uranium, p l u t o n i u m ( I V ) ,  
and n i t r i c  acid i n  t h e  ac id -wa te r /TBP system c o n t a i n i n g  0 t o  200 g/R U ,  
0 t o  1 0 0  g / %  P u ( I V ) ,  4 .0  M HNO3 i n  t h e  aqueous phase ,  and 30% TBP a t  
4 5 ° C .  

NITRIC RCID GONC. - N - 4.00 

TW - VOLWE FRACTION - 
INEXTRACTABLE NITRfiTE-tl- 0. w3 

PLUTOHIUh[IIII -OIL; 0.000 
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INEXTRACTABLE NITRPTE-R- G.00 

P L U T O N I W l ~ I l I I  -G/L- 0.000 

T E P E R A T U R E  - DEG. C - 45.00 

Fig. ~ . 8 .  D i s t r i b u t i o n  coefficient map for uranium, p lu ton iwn(1V)  
and n i t r i c  acid in the acidy B t e r / T B P  system c o n t a i n i n g  0 t o  2 0 0  g / 2  3, 
0 to 100 g / k  Pu(IV), 5.0 M MNO3 in t h e  aqueous phase,  and 3 0 %  TBP a t  
45°C.  



Appendix C 

User's Guide f o r  COEFF. DIS 

The FORTRAN program, COEFF. DIS, p r e d i c t 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  f o r  uranium, plutonium, and n i t r i c  a c i d  
i n  t h e  Purex system. D i s t r i b u t i o n  c o e f f i c i e n t  t a b l e s  f o r  a 
g iven  set of c o n d i t i o n  parameters ,  t h a t  i s ,  temperature ,  TBP 

concen t r a t ion ,  a c i d  c o n c e n t r a t i o n ,  i n e x t r a c t a b l e  n i t r a t e  
concen t r a t ion ,  and reduced plutonium concen t r a t ion ,  are 
shown i n  Appendix B. The t a b l e s  are d iv ided  i n t o  20 even 
increments of uranium and plutonium concen t r a t ions  i n  t h e  
aqueous phase.  The program w i l l  a l s o  produce d i s t r i b u t i o n  
c o e f f i c i e n t  maps which p l o t  uranium, plutonium, and n i t r i c  
a c i d  d i s t r i b u t i o n  c o e f f i c i e n t s  vs both  uranium and plutonium 
Concent ra t ions .  The maps are  seen  i n  F i g s .  €3.1 through B.B. 

An a d d i t i o n a l  program c a p a b i l i t y  is t h a t  of producing 
an  e n t i r e  series of tables showing incrementa l  changes i n  
any o r  a l l  of t h e  parameters .  

Program usage 

A l l  d a t a  f o r  a g iven  number of t a b l e s  o r  graphs is  read  
from seven cards (see Table  C.l). The f i r s t  f i v e  ca rds  
c o n t r o l  t h e  c o n d i t i o n  parameters  and thus  t h e  number of sets 
of tables t o  be genera ted .  The f i r s t  ca rd  a l so  c o n t r o l s  t h e  
p l o t t i n g  of 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  map, t h a t  i s ,  a 1 . 0  
i n  columns 25 through 32 w i l l  cause t h e  p r i n t i n g  of p l o t s ,  
whereas a 0 . 0  i n  columns 2 5  through 3 2  w i l l  bypass t h e  
p l o t t i n g  r o u t i n e s .  

Columns 1 through 8 c o n t a i n  t h e  i n i t i a l  parameter 
va lues  w i t h  t h e  u n i t s  shown i n  Table  2. Columns 9 through 
16  c o n t a i n  t h e  upper l i m i t s  of  t h e  parameters ,  and columns 
1 7  through 24  c o n t a i n  t h e  increment by which t h e  parameter 
i s  s tepped  from t h e  i n i t i a l .  c o n d i t i o n  t o ,  b u t  no t  exceeding, 
t h e  upper l i m i t .  

c-1 



Tab le  C.l. Sample d a t a  cards for  COEFF. D I S  

I n i t i a l  v a l u e s  Limit v a l u e s  I n  creme n t s P l o t  
(cols. 1-8)  (co ls .  9-16]  (~01s. 1 7 - 2 4 )  ( c o l .  3 2 )  

T r i b u t y l  phosphate  
( v o l  % )  0.25 

N i t r i c  a c i d ,  M 0 . 1  
I n e x t r a c t a b l e  

nitrate, M 0.0 

P l u t o n i u m ( I I I ) ,  
s /a  0 . 0  

Temperature ,  "C 2 0 . 0  

P lu tonium (IV) , 
4/R 0.01 

Uranium, g/r! 0 . 0 1  

0.35 

0.5 

0.05 

0 . 1  

0.1 0.1 

0 . 5  

5 0 . 0  

0.5 

1 5 . 0  

1 

20 even divisions will 
1 0 0  be g e n e r a t e d  c 

N 



c-3 

These parameters  are the  c o n t r o l s  f o r  t h e  loops pro- 
ducing t h e  tables and plots so that a l l  combinations of 
s p e c i f i e d  parameters  are cons idered .  
t h a t  t h e  number of tables i n c r e a s e s  geomet r i ca l ly  w i t h  the  
v a r i a t i o n  i n  parameters .  For example, t he  s e t  of cond i t ions  
( v a r i a b l e s )  shown i n  Table  2 would y i e l d  180  sets of tables.  

of plutonium(1V) and uranium t o  be cons idered .  These  ranges 
are d iv ided  i n t o  20  e q u a l  increments .  

One should be aware 

Cards s i x  and seven,  r e s p e c t i v e l y ,  s p e c i f y  t h e  ranges 
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COEFF. DIS Program L i s t i n g  and Sample JCL 
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uw
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c 
C 
c 

10 

15 

C 
C 
C 
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2 0  

36s 
6 
c 
C 

110 
120 

130 



C 
C 
C 

/ 
/ 

70 
60 
2000 
201 0 
2020 

2030 
2 0 0 0  
2050 
2060 
2076 
208C 
2 0 9 0  
2 1 0 6  
2105 
211 c 
2120 
2125 
213C 

/ 

PLOTTING OF D I S ? R X B U T P Q N  CQEFFKCIEPITS 

C A L L  B G N P L l  I P) 
C A L L  NEWPENl1 J 

C A L L  PHYSQRBoSrl*O) 
C A L L  D U P L X  
C A L L  TI T L 3 D i  *D I S T R I B U T I  ON 
C A L L  A X E S 3 Q t  'PLUTC?NIUM CONCe G/CSeelOOa 
'URANIUM CONCo --C/LS* o 8 0 0 e  
'DI STRIBUTI ON 

I F  (WPCOTS.NEo1aQ) GO TO 7 0  

CALL p a w  t 1 x .I 14 o P 

CQEFFIC IENTt * r-1 QO r 10 .i r 80 0 ) 

COEFFICIENTS' m 100.10.1 e 10 m -  5 1 
t A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  
C A L L  

R E A L N O <  HAM, 2 e * ABUT' e * ABUT ) 
M E S S A C t  *TBP - VOLUME F F A C f I O N  -. f a  a 1 0 O e  10oe6.6) 
REALNCl(F.3 e ABUT ABUT '1 
YESSAG( "IN&KTRACTARCE NXTRATE-.W-S* 0 1 0 0 a  100.602) 
R E A L N Q I S N I T R r 2 r ' A B U T ' a  * A B U T '  8 
M E S S A G t  * P L U T O N 1  Ulm( I I E ) - G I L -  S's100e100.508) 
R E A L N O t  PUI I f r3 0 ABUT * B 'ABUT * ) 
MESSACC 'TEMPERATURE - DEGo C - S a  r 100. 10e.504) 
R E A C N O ( T E M P C e 2  *'A8Ufor *ABUT' 1 
RESETI*HEIGHT*) 
NEUPENt 2) 
SURMAT<SBrl  r I X P T . 1  r IYPTeWQRK) 
HESSAGI 'RED - P L U T O N I U M S ' e l b O t 1 0 o e r . 5 )  
N E U P E N ( 3 )  
S U R H A T ( C C e 1  o I X P T e 1  e I Y P T e W Q R K !  
YESSAG( 'GREEh - HITRPC A C I O S  e 1 0 0 a  1 0 0 e 1 0 0 )  
ENDPLC IP) 

C A L L  
C A L L  
CrIN 11 N t F  . _-.---. 
CALL OONEPL 
F O R M A T (  *I ' e / / / / e S O X r  ' D I S T R I B W I O N  COEFFXCXENY FOR URANIUM') 
F O R M A T (  ' l ' v / / / / r 4 9 X r  * D l S T R I B U T f O N  CO&FFfCIENT FOR P L U T O N I U M '  
FORMAT( '1 ' , / f / / e 4 6 X *  ' D f S T R f B W X O N  CUEFFICIEW FOR NfTRIC A C I D * *  e * l o o * )  
F O R M A T 4  ' O ' e 5 3 X r ' N l f R I C  ACXD CONCI - N - * a F 5 r 2 )  
FORMAT( * ' r 5 3 X m * f B P  - VOLUME F R A C T P Q N  - a F S e 3 )  
FORWAY( * * r 5 3 X o ' f N E X T R A C T A B L E  NITRATE-N-' sFS.2) 
FORMAT t ' e 5 3 X  e *PLUTCNXUM( K I I -G/L- * e P 5 . 2 )  
F O R M A T (  * r 5 3 X a ' T E M P E A A T U R E  - OEGo C - ' a F 5 0 2 )  
F O R M A T < I O ' . 2 X r ' U R A N f U C  
F O R M A T <  ' e2X. 'CONC-G/L : * B 
F O R M A T (  ' ' e 1  1 X  r '  : ~2011X.Ft jo  1 
FORMAT(  ' ' 9 1  1 X e  * : 
.FORMAT( * * e 4 4 (  *---* 1 b 
F O R M A T <  9 r 3 X  rF5 0 I g 3 X  e '  : * m 2 0  <X  e F5.2 11 
F O R M A T < *  ~ ~ 3 X e ~ T R A C E r . 3 X ~ ~ : e r 2 Q o )  
FORMAT( ' * e l  1 X e  * 2 ' 1  
STOP 
END 

: ' e 4 1 X e  ' P L U f Q N f U M  CONCENTRATION - G / L ' )  

8 
TRACE a -19 I X r  FSe P 1 ) 



Sample JCL f o r  COEFF. DIS 

/ / R T J T A P E  J O B  ( X X X X X ) ,  ' R  T J U B I N  7 6 0 1 '  
//*CLASS C P I J 9 1  = 205, 10=5 ,REGION=270 ,LINES=30rSPEC14L=TAPE 
/ / * P L O T  T Y P E z C A L 9 2 5 ,  I N K =  (BLACK/L,REU/L,GREEN/L),COPIES = 1, NUMBER=$ 

/ * R O U T 3  P R I N T  LOCAL 

// E X E C  FORT~~CLG,PLOT=PLT,PA~.GO='EU~-l,DUMP=I',~EGIO~.GO=270~ 

//FORT.SYSIN DD * 
=COEFF. D I S  

/*  
/ / L K E D .  SYSLIB DD 

// DD 

// DD 
// DD DSN=SYS2.DISSPLArD1SP=SHR 

/ / L K E D . S Y S I N  DD * 
/ *  
/ / G O . F T 5 4 F 0 0 1  DD DDWAME=PLOTTAPE 

/ /GO.  P L O T T A P E  DD UNIT=' I 'APE9 , V O L = S E R = 3 8 ,  

// L A B E L =  ( , NL)  , DISP=OT.tD, 

// DCB=(RECFM=VSrLRECL=364,BLKS1ZE=368)  

/ / G O . F T 0 5 F 0 0 1  DD * 
-DATA 

/* 
// 
END I N  P U T  
* 
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