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MRPP - MULTIREGION PROCESSING PLANT CODE 

C. W. b e  and L. E. McNeese 

ABSTRACT 

This  r e p o r t  desc r ibes  t h e  machine s o l u t i o n  of a 
l a r g e  number (% 52,000) of simultaneous l i n e a r  a l g e b r a i c  
equat ions  i n  which t h e  unknowns are t h e  concent ra t ions  
of nuc l ides  i n  the  f u e l  sa l t  of a f lu id- fue led  r e a c t o r  
(MSBR) having a continuous f u e l  processing p l a n t .  Most 
of t h e  equat ions  d e f i n e  concent ra t ions  a t  va r ious  p o i n t s  
i n  t h e  processing p l a n t .  The code al lows as inpu t  a 
genera l ized  d e s c r i p t i o n  of a processing p l a n t  f lowsheet ;  
i t  a l s o  performs the  i terative adjustment of f lowsheet  
parameters f o r  determinat ion of concent ra t ions  throughout 
t h e  f lowsheet ,  and t h e  a s soc ia t ed  e f f e c t  of t h e  s p e c i f i e d  
process ing  mode on t h e  o v e r a l l  r e a c t o r  opera t ion .  

1 INTRODUCTION 

I n  a r e a c t o r  such as a Molten-Salt Breeder Reactor f o r  which contin- 

uous processing is  planned, t h e  a b i l i t y  t o  compare a l t e r n a t e  processing 

methods is  e s s e n t i a l  i n  determining t h e  e f f e c t  of small changes i n  proces- 

s i n g  method on the s t eady- s t a t e  ope ra t ion  of a r e a c t o r  and processing p l a n t .  

Because of t h e  degree of i n t e r a c t i o n  between the  r e a c t o r  performance and 

t h a t  of the  processing p l a n t ,  i t  is  necessary  t o  consider  t he  r e a c t o r  and 

t h e  process ing  system simultaneously.  

from continuous process ing  cause apprec iab le  decay of nuc l ides  i n  t h e  

process ing  system and r e su l t  i n  h igh  decay hea t ing  rates and time-dependent 

chemical compositions. 

coupled c l o s e l y  wi th  a r e a c t o r ,  produce numerous feedback streams t h a t  

The s h o r t  cool ing times r e s u l t i n g  

Most processing p l a n t  f lowsheets  of i n t e r e s t ,  when 
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comp 1 i cat e m a t  e r i a1 

materials over long 

balance c a l c u l a t i o n s  and l ead  t o  accumulation of 

t i m e  per iods.  To o b t a i n  an accura te  r ep resen ta t ion  

of t h e  performance of t he  r e a c t o r  and process ing  p l a n t  i n  such cases, 

a flowsheet must be represented  i n  d e t a i l ,  and a l a r g e r  number of 

nuc l ides  than considered previous ly  must be  taken i n t o  account.  1 

Computer programs have been developed and are d iscussed  that al low 

a processing p l a n t  and the  a s soc ia t ed  r e a c t o r  t o  be represented  i n  such 

a manner t h a t  the programs can be used independent ly  t o  r e p r e s e n t  e i t h e r  

t h e  r e a c t o r  o r  processing p l a n t  i n  d e t a i l  o r  i n  combination t o  ob ta in  a 

d e t a i l e d  r ep reeen ta t ion  of  t h e  r e a c t o r  and process ing  p l a n t  system. 

Although each code so lves  a l a r g e  system of simultaneous l i n e a r  a lgeb ra i c  

equat ions ,  because of t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  of t h e  two systems, 

d i f f e r e n t  methods of s o l u t i o n  are used;  both methods were adapted f o r  

use  wi th  spa r se  matrices. The r e a c t o r  code uses  a Gauss-Seidel i t e r a t i o n  

t o  s o l v e  approximately 750 equat ions .  The processing p l a n t  code so lves  

approximately 52,500 equat ions.  However, a s p e c i a l  o rde r ing  scheme al lows 

a d i r e c t  s o l u t i o n  i n  which t h e  equat ions  are considered i n  b locks  of 70 

equat ions  each. 

The c a l c u l a t i o n s  are c a r r i e d  out  i n  an i t e ra t ive  manner between t h e  

r e a c t o r  and the  processing p l a n t  f o r  de te rmina t ion  of flowsheet parameters.  

These parameters inc lude  t h e  molar d e n s i t y  of phases  i n  each holdup vol-  

ume and t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  for each mass t r a n s f e r  opera t ion  

i n  t h e  f lowsheet ;  t h i s  f e a t u r e  allows t h e  s imula t ion  of complw s t e p s  

i n  a flowsheet by us ing  e i t h e r  an equ i l ib r ium o r  f i r s t - o r d e r  rate 

mechanism. 
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Sect ions  2 through 4 of t h i s  r e p o r t  d i scuss  the  genera l  problem 

and t h e  set of equat ions  employed i n  i t s  s o l u t i o n ,  t he  method used f o r  

s o l u t i o n  of t h e  equat ions ,  and t h e  ex tens ions  of t he  code t o  s i m i l a r  

problems. The appendixes e s s e n t i a l l y  form a u s e r ' s  manual and inc lude  

a d e s c r i p t i o n  of t he  subrout ines ,  t he  i n p u t ,  and t h e  output  from both 

t h e  r e a c t o r  and processing p l a n t  codes. A code l i s t i n g  is a v a i l a b l e  

from t h e  au thors .  

2. EQUATIONS AND ASSUMPTIONS 

The mul t i reg ion  processing p l a n t  code is based on a model i n  which 

a MSBR and t h e  a s soc ia t ed  processing p l a n t  are represented  by sepa ra t e  

reg ions  of uniform composition; allowance is  made f o r  continuous flow 

between reg ions ,  r a d i o a c t i v e  decay of materials i n  each reg ion ,  and t r ans -  

f e r  of materials between reg ions  i n  o rde r  t o  r ep resen t  common m a s s  t r a n s f e r  

e f f e c t s .  Allowance is also made f o r  f i s s i o n  and neutron capture  r e a c t i o n s  

i n  reg ions  r ep resen t ing  t h e  r e a c t o r .  The equat ions  which desc r ibe  reg ions  

i n  t h e  processing p l a n t  are similar t o  those  f o r  the r e a c t o r ;  however, t h e  

r e a c t o r  is  represented  by a s e p a r a t e  code, MATADOR, which receives inpu t  2 

from a s i n g l e  reg ion  of the processing p l a n t  ( t h e  reg ion  from which proc- 

essed  s a l t  is re turned  t o  t h e  r e a c t o r ) .  The equat ions  f o r  t h e  processing 

p l a n t  are descr ibed  s e p a r a t e l y  from those  f o r  t h e  r e a c t o r  t o  accommodate 

the d i f f e r e n t  assumptions t h a t  are requi red .  



4 

2 . 1  Model f o r  t h e  Reactor 

A prev ious ly  developed computer program, MATADOR, i s  used f o r  cal- 

cu la t ion  of the  concent ra t ions  of nuc l ides  i n  the  primary c i r c u i t  of a 

MSBR under s t eady- s t a t e  condi t ions  i n  which f u e l  s a l t  i s  cont inuously 

c i r c u l a t e d  between t h e  r e a c t o r  and a processing system. A s  such, t h e  pro- 

gram serves as a subrout ine  t h a t  c a l c u l a t e s  t h e  inpu t  f o r  t h e  processing 

p l an t  program ( i n  the  form of concent ra t ions  and flow rate of t h e  s a l t  t o  

be processed)  based on output  from the  process ing  p l a n t  ( i n  t h e  form of 

concent ra t ions  and flow rate of t he  processed sa l t  t h a t  i s  re turned  t o  

the  r e a c t o r ) .  F r o m  the  s tandpoin t  of t he  processing p l a n t  program, t h e  

r e a c t o r  i s  t r e a t e d  as a s i n g l e  reg ion;  however, t h e  r e a c t o r  program t r ea t s  

t h e  r e a c t o r  as a mul t i reg ion  system. The equat ions  permit t h e  use  of 

terms which are not  necessary f o r  every reg ion;  f o r  example, f low of 

material between any two reg ions  can be s p e c i f i e d ,  bu t  th is  seldom occurs.  

The equat ions  have been descr ibed  p rev ious lyY2  al though much of t h a t  

d e s c r i p t i o n  i s  repea ted  here .  

The accumulation rate of spec ie s  i i n  t h e  f u e l  s a l t  i n  the  r e a c t o r  

is  t h e  input  ra te  of spec ie s  i by feed ,  f i s s i o n ,  r a d i o a c t i v e  decay, and 

neutron capture  i n  the  f u e l  s a l t ,  g r a p h i t e ,  and c i r c u l a t i n g  bubbles minus 

t h e  disappearance rate of spec ie s  i due t o  r a d i o a c t i v e  decay, neutron 

capture ,  depos i t i on  on exchanger s u r f a c e s  , and chemical processing.  

s t eady  s t a t e ,  t h i s  r a t e  of accumulation i s  zero,  s o  t h a t :  

A t  
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where 

2 % = su r face  area of c i r c u l a t i n g  bubbles ,  cm , 

A = s u r f a c e  area of g r a p h i t e ,  an , 

F = volumetr ic  flow rate of f u e l  sa l t  t o  t h e  r e a c t o r ,  cc / sec ,  

= c o e f f i c i e n t  f o r  loss of spec ie s  i by d i f f u s i o n  i n t o  Gi 

2 
g 

g r a p h i t e ,  un/sec,  

= c o e f f i c i e n t  f o r  loss of spec ie s  i by migra t ion  t o  bubbles,  

cm/sec, 

Hi 

= 

= 

e f f e c t i v e  chemical processing rate f o r  spec ie s  i, cc / sec ,  

rate a t  which spec ie s  i p l a t e s  on t h e  hea t  exchanger 

su r f  aces , cm/sec, 

pi 

'i 

v = volume of f u e l  s a l t ,  cc ,  

= volume of f u e l  sa l t  i n  core ,  cc ,  

C = concent ra t ion  of spec ie s  i, moles/cc,  

vC 

i 

i o  

e. .  
1 J  

= 

= 

feed  concent ra t ion  of spec ie s  i, moles/cc,  

f r a c t i o n  of d i s i n t e g r a t i o n s  by spec ie s  j which l eads  t o  

formation of spec ie s  i, 

c 

= f r a c t i o n  of neut ron  cap tu res  by spec ie s  j which l eads  t o  
13 

f 

formation of s p e c i e s  i, 

= c o e f f i c i e n t  f o r  product ion of s p e c i e s  i by d i f f u s i o n  of 

s p e c i e s  j i n t o  g raph i t e ,  cm/sec, 
g i j  

= c o e f f i c i e n t  f o r  product ion of spec ie s  i by migra t ion  of 

s p e c i e s  j t o  gas  bubbles ,  cm/sec, 
ij 

h 

= rate of product ion of s p e c i e s  i from s p e c i e s  j p la t ed  on 

t h e  heat exchanger s u r f a c e s ,  cc / sec ,  

sij 

= f i s s i o n  y i e l d  of spec ie s  i from f i s s i o n  of spec ie s  j ,  Y i j  
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-I 12 = r a d i o a c t i v e  d i s i n t e g r a t i o n  cons tan t  of spec ie s  i, sec , 
I 

= average 

= average 

4 = average 

‘i 

‘fi 

Thus, f o r  I nuc l ides ,  

b r a i c  equat ions  and I 

2 neutron-capture c ros s  s e c t i o n  of spec ie s  i, cm , 

f i s s i o n  c ros s  s e c t i o n  of spec ie s  i, cm , 
-2 -1 neutron f l u x ,  cm see . 

t h i s  equat ion i s  a system of I simultaneous alge-  

unknowns. Two o the r  sets  of I equat ions  and I 

2 

unknowns are considered by: 

a holdup f o r  materials p l a t e d  ou t  i n  the  r e a c t o r  f l u x ,  and (2) allowing 

a region i n  which t h e  evolving gas  bubbles and the  materials p l a t e d  ou t  

ou t s ide  t h e  r e a c t o r  core  are he ld  i n  contac t  w i t h  f u e l  s a l t  so t h a t  so l -  

u b l e  decay products  may be re turned  t o  the r e a c t o r .  

(1) allowing f o r  a volume of gas bubbles and 

A l l  t h r ee  sets of I equat ions  are solved by t h e  Gauss-Seidel 

success ive  s u b s t i t u t i o n  algori thm, wi th  i t e r a t i o n  occurr ing  over each 

of t h e  success ive  sets of I equat ions .  Because of the s i z e  of t h e  

diagonal  terms, the  system of equat ions  converges r ap id ly .  Direct so l -  

u t i o n s  were no t  used because of t h e  s to rage  requi red  f o r  remembering a 

c o e f f i c i e n t  matrix. 

The t reatment  of d i f f u s i o n  of noble  gases  i n t o  and decay products  

ou t  of t h e  g raph i t e  uses  a model developed by Kedl and H ~ u t z e e l . ~  

model assumes that the g r a p h i t e  moderator is  rep laced  by semi - in f in i t e  

s o l i d  cy l inde r s  wi th  t h e  same surface-to-volume r a t i o ,  and t h a t  t h e  

g r a p h i t e  i s  coated wi th  a low permeabi l i ty  material t o  a depth  of l m i l .  

Di f fus ion  of noble  gases  i n t o  t h e  g r a p h i t e  occurs  through a l i q u i d  f i l m  

and t h e  coa t ing ,  and is simulated by a lumped r e s i s t a n c e  model. The 

model developed f o r  t h e  migra t ion  of  noble  gases  and noble  metals t o  

c i r c u l a t i n g  helium bubbles i s  an extension of t he  model proposed by Kedl 

and Houtzeel.3 

This  

Both of t hese  models are descr ibed i n  r e f .  2 .  
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Once t h e  set of concent ra t ions  i s  obtained,  i t  is  poss ib l e  t o  cal- 

c u l a t e  hea t  genera t ion  ra tes ,  f i s s i o n  product poisoning,  product ion r a t e s  

of t he  materials i n  t h e  r e a c t o r ,  inventory i n  moles of t he  mater ia l  i n  

t h e  r e a c t o r ,  t he  uranium mole f r a c t i o n ,  and the  breeding r a t i o .  The 

breeding r a t i o  i s  ca l cu la t ed  by assuming t h a t  i t  varies l i n e a r l y  v i t h  

small changes i n  the  f i s s i o n  product poisoning. Thus, t h e  breeding r a t i o  

i s  determined from the  d i f f e rence  between t h e  r e fe rence  f i s s i o n  product 

poisoning (from ROD4 c a l c u l a t i o n s )  and t h e  ca l cu la t ed  f i s s i o n  product 

poisoning. 

I n  c a l c u l a t i n g  t h e  f i s s i o n  product poisoning,  the poisoning from 

135Xe is excluded because i t  was  a l s o  excluded i n  t h e  r e a c t o r  design code, 

ROD, where i t  w a s  always assumed t o  be one-half of 1%. While MATADOR 

c a l c u l a t i o n s  of f i s s i o n  product  poisoning inc lude  absorp t ions  by the  

noble  gases  and noble  metals i n  t h e  gas bubbles ,  nob le  metals p l a t e d  

onto s u r f a c e s  o u t s i d e  the r e a c t o r  core  are not  assumed t o  absorb neut rons .  

Neptunium absorp t ions  are inc luded ,  because the re fe rence  f i s s i o n  product 

po isoning  used by ROD from previous c a l c u l a t i o n s  included the  neptunium 

absorp t ions  wi th  f i s s i o n  product  poisoning. 

2.2 Model f o r  the Process ing  P l a n t  

The process ing  p l a n t  code c a l c u l a t e s  s teady-s ta te  concent ra t ions  

based on material balance equat ions ,  and cons tan t  r e a c t o r  e f f l u e n t  concen- 

t r a t i o n s  as determined by t h e  l as t  MATADOR ca l cu la t ion .  The mul t i reg ion  

code assumes t h a t  t h e  processing p l a n t  is  composed of a number of reg ions  

( o r  holdup volumes) connected by flowing streams. 

a well-mixed volume conta in ing  one o r  two phases i n  equi l ibr ium.  The 

A region c o n s i s t s  of 
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equi l ibr ium i s  s p e c i f i e d  by a p r o p o r t i o n a l i t y  cons tan t  t h a t  v a r i e s  wi th  

atomic number and may be changed between success ive  flowsheet calcula-  

t i ons .  Any two reg ions  may be l i nked  by flowing streams o r  by ra te  

express ions ,  and each region may have feeds o r  d i sca rds .  

streams which do n o t  connect two reg ions  i n  the  p l a n t . )  

(These are 

2 . 2 . 1  Material balance equat ions  

The ra te  of accumulation of nuc l ide  i i n  a reg ion  (0 a t  s teady  

s t a t e )  i s  t h e  ra te  of appearance of i i n  t h e  reg ion  from feed  streams, 

from flowing streams from o the r  reg ions ,  from m a s s  t r a n s f e r  from o t h e r  

reg ions ,  and from product ion of o t h e r  nuc l ides  by r a d i o a c t i v e  decay 

minus t h e  rate of disappearance of i from the  reg ion  by flow out  , by 

m a s s  t r a n s f e r  t o  o the r  reg ions ,  and by r a d i o a c t i v e  decay. Thus, a t  

s teady  state i n  region n:  

= 
'jeij('S,n + K  j , n  V B,n ) c  j , n  

j 
j S i  

+ FSm,n C i , m  + ' F m , n  K c  i , m  i , m  + F I i , n  
m m 

m#n m#n 

m#n 

- 'i('S,n + K i , n  'B,n) ' i ,n  

+K. C F  Sn,m i- DSn r , n  -C 
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where 

DSn 

Sm,n 

F I i , n  

i ,n 

F 

K 

'Sn 

C i , n  

e i j  

(kia)m,n 

i h 

3 = d i sca rd  rate of phase S from region n ,  cm / s e c ,  

3 flow rate of phase S from region m t o  region n ,  cm / s ec ,  

feed  ra te  of nuc l ide  i t o  region n ,  moles/sec,  

d i s t r i b u t i o n  r a t i o  f o r  nuc l ide  i i n  region n ,  

volume of phase S i n  region n ,  cc ,  

concent ra t ion  of nuc l ide  i i n  f i r s t  phase of region n ,  

moles/cc,  

f r a c t i o n s  of d i s i n t e g r a t i o n s  of spec ie s  j which lead  t o  

formation of spec ie s  i, 

mass t r a n s f e r  r a t e  cons tan t  f o r  t r a n s f e r  of spec ie s  i 

from region m t o  region n ,  cm / s ec  [ t h e  r a t i o  of (k .a)  

and (kia) 

i n  Sect. 2 . 2 . 2 1 ,  

decay constant  f o r  nuc l ide  i ,  sec  , and 

3 
I m,n 

i s  a d i s t r i b u t i o n  func t ion ,  as discussed 
n,m 

-1 

s u b s c r i p t s  B and S = phases 

i and j = n u c l i d e s  

m and n = reg ions .  

Hence, t h e r e  i s  one equat ion  and one unknown f o r  each nuc l ide  i n  each 

region.  There are 52,500 equat ions  f o r  750 nuc l ides  i n  70 reg ions .  

Because of t he  number of equat ions  and t h e  number and s i z e  of r ecyc le  

streams presen t  i n  a f lowsheet ,  t h e  Gauss-Seidel i t e r a t i o n  i s  too time 

consuming. Since neutron cap tu res  are neglec ted ,  i t  is  p o s s i b l e  t o  

arrange the  nuc l ides  so  t h a t  each n u c l i d e  precedes a l l  of i t s  decav 

daughters .  For N reg ions ,  t h e r e  is  one set of N equat ions  wi th  N unknowns 
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f o r  each nuc l ide .  By arranging t h e  nuc l ides  i n  t h e  proper  order  and 

so lv ing  each set of equat ions ,  a d i r e c t  s o l u t i o n  f o r  t he  e n t i r e  set of 

equat ions  is obtained.  Solu t ions  i n  t h e  processing p l a n t  are a l t e r n a t e d  

wi th  ca l l s  t o  MATADOR t o  ob ta in  a converged s o l u t i o n  f o r  a r e a c t o r  

coupled with continuous processing.  

The program used has  been designed t o  so lve  a l a r g e  system of 

equat ions  i n  which t h e  non t r i angu la r  c o e f f i c i e n t  matrix may be expressed 

as a lower t r i a n g u l a r  c o e f f i c i e n t  matrix whose elements are ma t r i ces .  

Each matrix on t h e  diagonal  i s  solved d i r e c t l y ,  wi th  s u b s t i t u t i o n s  being 

made f o r  unknowns t h a t  were ca l cu la t ed  previous ly .  In  t h i s  case,  t h e  

lower t r i a n g u l a r  matrix has  off-diagonal  terms i n  row i and column j of 

t h e  form: 

- A .  eij V , 
J 4 

where 

V %j 
= diagonal  m a t r i x  wi th  t h e  n t h  term on t h e  d iagonal  being 

+ K  'Sn j ,n 'Bn * 

The terms on the  diagonal  ( i = j )  are matrices of the form: 

R. + h i &  . 
R. i s  a mat r ix  whose element i n  row n and column m is  

where 

6 = 1 i f  n=m, and 
n,m 

6 = 0 i f  nfm. 
n3m 
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The r e s u l t i n g  system of equat ions ,  when used with a cons tan t  vec to r  

i n d i c a t i n g  feed  streams, i s  t h e  set  of E q s .  ( 2 ) .  

2 . 2 . 2  Mass t r a n s f e r  c o e f f i c i e n t s  

Three models w e r e  used f o r  mass t r a n s f e r  between l i q u i d  and gas 

phases.  

m a s s  t r a n s f e r  c o e f f i c i e n t  was  es t imated  from t h e  Hughmark c o r r e l a t i o n  

given by S c h a f t l e i n  and Russell.’ 

For t r a n s f e r  of noble  gases  t o  gas bubbles,  t he  o v e r a l l  l i q u i d  

This  i s  s u b s t i t u t e d  i n t o  t h e  r e l a t i o n  

f o r  mass t r a n s f e r :  

where 

% 
H 

KoL 

Ni 

cR and c 
g 

Ni = KOLA& - 

= bubble s u r f a c e  

= Henry’s 

= o v e r a l l  

= rate of 

= KoL%cR - KoL$H cg’ 

2 
area, cm , 

l a w  cons t an t ,  moles/cc (liq) p e r  mole/cc (gas) ,  

l i q u i d  m a s s  t r a n s f e r  c o e f f i c i e n t ,  cm/sec, 

m a s s  t r a n s f e r ,  moles/sec,  

= concent ra t ions  i n  l i q u i d  and gas ,  moles/cc.  

This  equat ion  is broken i n t o  two con t r ibu t ions  to matrix terms analogous 

t o  a flow rate so that: 

= 
ICoL (kia)m,n i n,m’ H = H(k a) 

where reg ion  n is  t h e  l i q u i d  phase,  and reg ion  m the gas  phase. 

I n  a d d i t i o n  t o  this  t r a n s f e r ,  the rate of m a s s  t r a n s f e r  a t  t h e  

s u r f a c e  between the l i q u i d  and cover gas  must a l s o  be  considered. 

v o l a t i l e  components, the mass t r a n s f e r  r e s i s t a n c e  i s  assumed t o  be ac ross  

a l i q u i d  f i l m  of th ickness  XR: 

For 
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D A  - DRAs H c , Ni = DRAs (ca - Hcg) = 9, g CR 
g - 

xR xa xa 

where 

2 DE = d i f f u s i v i t y  i n  l i q u i d ,  cm /sec, 

As = su r face  area, cm ; 2 

t hus ,  

(kia)n ,m = (DRAB /Xa 

(5) 

The same model is  used t o  desc r ibe  t r a n s f e r  of nonvo la t i l e  decay products  

of v o l a t i l e  f i s s i o n  products  ac ross  a gas  f i l m  of th ickness  X * however, 

s i n c e  t h e  t r a n s f e r  from l i q u i d  t o  gas  i s  zero ,  t h e r e  i s  only one term. 

A l l  of these  terms must be added t o  ob ta in  t h e  m a t r i x  c o e f f i c i e n t s  t h a t  

are used. 

g’ 

I n  both models t h e  design c r i t e r i o n  i s  based on some cons idera t ion  

o the r  than the  removal of v o l a t i l e  nuc l ides .  For example, t h e  gas  rate 

might be based on the  amount of reductan t  necessary f o r  a hydrof luor ina tor  

o r  a hydrogen-sparged v e s s e l ,  o r  on t h e  amount of argon needed f o r  a level 

probe i n  a surge  tank. I n  a f l u o r i n a t o r ,  however, t h e  design is chosen 

t o  achieve a s p e c i f i e d  performance such as p e r  cent  removal of uranium. 

For zero i n l e t  concent ra t ion  i n  t h e  gas ,  a material balance g ives :  

F c = F c + FLcL = P R L I  F c + FLcL, L I  G G  

o r  
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where 

= f low rates i n  l i q u i d  and gas ,  cc / sec ,  F~ , F ~  

C I’CL’CG = concent ra t ions  i n  i n l e t  l i q u i d ,  o u t l e t  l i q u i d ,  and 

out l e t  gas 

PR = percent  removal; 

moles /cc  , 

t hus ,  t h e  t r a n s f e r  ac ross  t h e  i n t e r f a c e  i s  P F c S u b s t i t u t i n g  for R L I’ 

CI : 
D 

In the s imula t ion ,  F w a s  included as a parameter independent of t h e  

element,  and P R / ( l  - PR) w a s  l i s t e d  as a cons tan t  t h a t  depended on t h e  

element number. 

L 

3. NUMERICAL METHODS EMPLOYED 

3.1 Solu t ion  of Reactor Material Balance Equations 

The number of equat ions  t o  be  solved by t h e  r e a c t o r  code i s  equal  

t o  the number of nuc l ides ,Y739.  

t h e  sa l t  i n  t h e  d r a i n  tank  with those  used f o r  t h e  gas bubbles adds two 

a d d i t i o n a l  sets of t h e  same number of equat ions.  

of such a set  of equat ions  would r e q u i r e  ame thod  that would take advan- 

t age  of sparseness  and might need only l i m i t e d  p ivo t ing  t o  minimize f i l l .  

These problems are e l imina ted  by t h e  u s e  of an iterative s o l u t i o n ,  pro- 

v i d i n g  t h e  s o l u t i o n  is  obtained i n  a reasonable  number of i t e r a t i o n s .  

The number of i t e r a t i o n s  has always been less than 30. 

The  coupling of t h e  equat ions  used for 

The d i r e c t  s o l u t i o n  
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3 .2  Solu t ion  of t he  Processing P l a n t  Material Balance Equations 

The number of equat ions  and unknowns f o r  a flowsheet of 70 reg ions  

and a nuc lear  l i b r a r y  of 739 nuc l ides  i s  about 52,000. Storage of t h e  

c o e f f i c i e n t  matrix of t h i s  system of equat ions  i s  completely imprac t i ca l ,  

and s to rage  of even the  nonzero terms could e a s i l y  exceed the  s to rage  

capac i ty  of machines a v a i l a b l e ;  t he re fo re ,  a d i r e c t  Gauss reduct ion  

could not  be used. 

i t e r a t i o n .  The b e s t  method w a s  found t o  be a series of s o l u t i o n s  f o r  

a l l  nuc l ide  concent ra t ions  i n  the f lowsheet ;  t h e  nuc l ides  w e r e  considered 

one a t  a time s o  t h a t  some nuc l ides  requi red  only a f e w  i t e r a t i o n s .  Even 

wi th  the  rearrangement of nuc l ides ,  which n e c e s s i t a t e d  only one s o l u t i o n  

f o r  each s p e c i e s ,  t h e  t i m e  requirements w e r e  s t i l l  excess ive ;  t h i s  w a s  

because the  d iagonal  element of t h e  c o e f f i c i e n t  matrices w a s  comparable 

i n  magnitude t o  t h e  off-diagonal terms, except  f o r  nuc l ides  wi th  s h o r t  

ha l f  - l i ves .  

Various approaches were made by us ing  a Gauss-Seidel 

For each success ive  nuc l ide ,  a 70 by 70 mat r ix  w a s  solved t o  ob ta in  

t h e  concent ra t ion  of that  nuc l ide  i n  each of 70 reg ions .  The time 

requirement f o r  a d i r e c t  s o l u t i o n  f o r  a l l  concent ra t ions  i n  the processing 

p l a n t  by t h i s  method w a s  q u i t e  reasonable  - less than a minute f o r  t h e  

IBM 360/91. I n  add i t ion ,  t h e  memory requirements  w e r e  e s s e n t i a l l y  t h e  

same as those f o r  t h e  i t e r a t i o n  technique. The s t o r a g e  of t h e  s o l u t i o n  

vec to r  i s  a s i g n i f i c a n t  f r a c t i o n  of t h e  s t o r a g e  requirement ,  and f o r  

l a r g e r  f lowsheets  (the IBM 360/91 a t  ORNL w a s  ab le  t o  handle  250 reg ions)  

t he  s o l u t i o n  v e c t o r  uses most of t h e  s torage .  
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3 . 3  I t e r a t i o n  wi th  Reactor Code 

The ex i s t ence  of t h i s  reasonably r ap id  s o l u t i o n  f o r  t he  processing 

p l an t  c a l c u l a t i o n  enabled i t e r a t i o n s  wi th  t h e  MATADOR rou t ine  which 

s imulated the  r e a c t o r  performance. MATADOR w a s  coupled t o  t h e  processing 

p l a n t  c a l c u l a t i o n  by using removal times def ined  as the r e a c t o r  inventory 

of a spec ie s  d iv ided  by i t s  n e t  removal rate by chemical processing.  

F a i r l y  r ap id  convergence of concent ra t ions  w a s  achieved f o r  most nuc l ides  

i f  t h e  parameters  that passed between r o u t i n e s  were averaged wi th  t h e i r  

previous va lues  t o  provide damping. All concent ra t ions  converged wi th in  

20 i t e r a t i o n s .  However, t h e  v a r i a t i o n  of more parameters between i t e r a -  

t i o n s ,  and the  cons idera t ion  of more d i f f i c u l t  f lowsheets  requi red  

improvement t o  the  code. The use  of r e a c t o r  i n l e t  concent ra t ions  r a t h e r  

than removal times r e s u l t e d  i n  comparable performance, b u t  permit ted a 

d i f f e r e n t  set of nuc l ides  t o  converge r ap id ly .  Hence, the concent ra t ions  

i n  the stream re tu rn ing  t o  t h e  r e a c t o r  can be descr ibed as t h e  sum of 

t h e  amount remaining a f t e r  processing and t h e  amount due t o  product ion 

i n  the  process ing  p l a n t .  

At the same t i m e  t h e  s o l u t i o n  is  found f o r  t h e  processing p l a n t  

concent ra t ions ,  a s o l u t i o n  i s  also found f o r  t h e  f i r s t  d e r i v a t i v e  of 

the r e a c t o r  i n l e t  concent ra t ion  wi th  r e spec t  t o  t h e  o u t l e t  concentra- 

t i o n  of t h e  same nucl ide .  

m a t r i x  is  used f o r  bo th  sets of equat ions .  

s o l u t i o n  f o r  t h e  d e r i v a t i v e  i s  a v e c t o r  wi th  u n i t  concent ra t ion  of each 

nuc l ide  i n  the  r e a c t o r  and no terms f o r  product ion by decay. 

wi th  l i t t l e  inc rease  i n  c a l c u l a t i o n a l  e f f o r t  and complexity, p rovis ion  

This  i s  p o s s i b l e  because t h e  same c o e f f i c i e n t  

The cons tan t  v e c t o r  i n  t h e  

Hence, 
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can be made f o r  small changes i n  concent ra t ion  t o  a l low the  r e a c t o r  

code t o  p r e d i c t  t h e  processing p l a n t  performance. I n  a d d i t i o n ,  an even 

g r e a t e r  saving of t i m e  i s  made by consider ing only  those  nuc l ides  whose 

concent ra t ions  are slowly converging, and by p e r i o d i c a l l y  recons ider ing  

a l l  nuc l ides .  

3 . 4  Calcula t ion  of Molar Volumes 

The s teady-s ta te  performance of a process ing  p l a n t  depends on t h e  

rates of decay and, t h e r e f o r e ,  t h e  molar i n v e n t o r i e s  of r a d i o a c t i v e  

nuc l ides  throughout t h e  processing p l a n t .  It i s  thus  necessary  f o r  t h e  

molar i nven to r i e s  and molar volumes t o  be cons i s t en t  with t h e  volumes 

s p e c i f i e d .  It i s  a l s o  necessary t o  know t h e  r a t i o  of t h e  molar volumes 

of t h e  two phases i n  c e r t a i n  reg ions  f o r  u se  as a conversion f a c t o r  t o  

convert  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  from r a t i o s  of mole f r a c t i o n  t o  

t h e  r a t i o  of concent ra t ions  i n  moles p e r  cubic  cent imeter .  T h i s  problem 

i s  no t  a l l e v i a t e d  by use  of molar flow rates and mole f r a c t i o n s ,  because 

the parameters must be such t h a t  t h e  mole f r a c t i o n s  add up t o  1.0. 

Between i t e r a t i o n s ,  each f low rate from a reg ion  is  expressed as 

a f r a c t i o n  of t h e  t o t a l  f low from t h a t  reg ion .  

stream f o r  which a molar volume c o r r e c t i o n  i s  t o  be  made i s  determined 

by assuming a d d i t i v e  molar volumes. 

by the  product  of t h i s  molar volume; t h e  molar f low rate and the r a t i o  

of molar volumes f o r  reg ions  conta in ing  s a l t  and bismuth provides  a 

conversion f a c t o r  f o r  the  d i s t r i b u t i o n  c o e f f i c i e n t s .  

The molar volume of each 

The cor rec ted  f l o w  r a t e  i s  given 
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3.5 Correct ion of D i s t r i b u t i o n  Coef f i c i en t s  

For a given region n ,  t h e  set of concent ra t ions  of t h a t  reg ion  i s  

t h e  s o l u t i o n  o f :  

+ K  V ) c  [ F S  'iVS,n Ki,n(FB + h i V B , n j C i , n  = j j e i j  ('S,n j , n  B,n j , n  

i ,n + (INPUT) 

where 

+ Dn, and F~ = FSn,m 

(INPUT) = t o t a l  i n p u t  of nuc l ide  i t o  reg ion  n from feeds  o r  o the r  
i ,n 

regions.  

From a t a b l e  of va lences ,  i t  is p o s s i b l e  t o  c a l c u l a t e  an equiva len t  

d e n s i t y  i n  the  second phase i n  equ iva len t s  p e r  cubic  cent imeter .  It i s  

t h i s  number which must remain constant  through any series of r educ t ive  

e x t r a c t i o n  ope ra t ions  t o  s a t i s f y  t h e  condi t ion  of an equ iva len t  balance.  

The equiva len t  dens i ty ,  E 

may b e  a ca l cu la t ed  v a r i a b l e  o r  an inpu t  v a r i a b l e .  

i n  the second phase that  e n t e r s  the reg ion  
0' 

I n  e i t h e r  case, t h e  

v a r i a b l e  D - must be determined so that Li - % i , n  

E - E  "0, 
0 

where 

E = E E = C(VAL)i KiYn ciYn = t o t a l  number of equ iva len t s  per  
i iYn i 

m i l l i l i t e r  i n  t h e  bismuth phase,  and 

(VAL)i = valence  of i i n  sal t .  



We have a l s o  def ined:  

s i n c e  

where A and A are cons tan ts .  n C 

The proper  va lue  of DLi can be found i t e r a t i v e l y  by Newton's method 

i f  we  have a means f o r  eva lua t ing  

Although the s p e c i f i c  d e r i v a t i v e  may be  found, an approximation i s  given 

because it  r e q u i r e s  less time and memory, involves  terms a l l  of the same 

s i g n ,  and s t i l l  arrives a t  t h e  proper  DLi. It i s  convenient t o  r ede f ine  

t h e  cons tan t  terms: 

= FS + Ai V A1 S ,n 

A2 = FB + Ai V 
B ,n 

s o  t h a t  

(PROD) 

(PROD)i K i ,n (VAL)i 

A~ + Ki ,nA2 
E =  i ,n 

By obta in ing  t h e  d e r i v a t i v e  of E - E 0 

from Eq. (12):  
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dKi,n ( 1 4 )  = (PROD) (VAL) - KipnA2 2 1  dDLi 
1 

A~ + Ki ,nA2 ( A ~  + K~ , ,A~)  

dEi ,n 

d D ~  i 

assuming that 

f o r  

While t h i s  assumption i s  (PROD) i s  independent of D L i  

*n 

K. 
An = -  AnAcDLi 

D L i  DLi 1 ,n  

DLi # 0 Y 

then 

( 
A1 + K i y n  2 D L i  i , n  E 

Thus, as c a l c u l a t i o n s  are made f o r  E = C E i , n ’  

made f o r  

(16) 

c a l c u l a t i o n s  are e a s i l y  

The proper  DLi f o r  u se  in t h e  nex t  i t e r a t i o n  can be obtained by allowing 

convergence of 

(DLilel = (DLilm (E - (E - Eo) . 
dDLi 

Since (PROD). 1 i s  dependent upon DLi, two terms have been l e f t  out .  

Some provis ion  must also be made f o r  the f a i l u r e  of t h i s  scheme t o  converge. 

The c a l c u l a t i o n  procedure examines t h e  s i g n  of E - E 0 i n  order  t o  contin- 

uously spec i fy  upper and lower bounds f o r  DLi. Any new DLi va lue  t h a t  

i s  ou t s ide  t h i s  i n t e r v a l  i s  rep laced  wi th  t h e  va lue  a t  t h e  midpoint of 

t h e  i n t e r v a l .  This  va lue  of DLi might tend t o  overcor rec t  i n  a f lowsheet ,  
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e s p e c i a l l y  i f  t h e s e  reg ions  are i n  series. 

damping e f f e c t ,  the  va lue  re turned  f o r  t h e  next  i t e r a t i o n  i s  a weighted 

average of t h i s  value and the  o l d  value.  

As a means of providing a 

3.6 I n v e s t i g a t i o n  of Fas t e r  Solu t ion  Methods 

When flowsheet parameters such as flow rates ( i .e . ,  molar volume) 

and d i s t r i b u t i o n  cons tan ts  are n o t  changed between i t e r a t i o n s ,  t h e  solu- 

tion f o r  a l l  bu t  t h e  f i r s t  i t e r a t i o n  can be speeded up. 

by reduct ion  and back s u b s t i t u t i o n  is  a series of row ope ra t ions  on an 

augmented matrix; much of t h e  c a l c u l a t i o n a l  time is used t o  perform 

opera t ions  on t h e  c o e f f i c i e n t  matr ix .  For double p rec i s ion  c a l c u l a t i o n s ,  

t h e  information requi red  f o r  making t h e  necessary  row ope ra t ion  on only  

t h e  cons tan t  v e c t o r  is  a double p r e c i s i o n  cons tan t  and two indexes which 

i n d i c a t e  the  rows involved. This  information can be s t o r e d  e a s i l y  i n  

t h e  e l imina ted  matrix p o s i t i o n s  during the f i r s t  i t e r a t i o n  so  that  they  

may be used on subsequent i t e r a t i o n s .  The c a l c u l a t i o n s  after t h e  f i r s t  

i t e r a t i o n  are manipulat ions performed on a v e c t o r  r a t h e r  than ope ra t ions  

on a matrix; i n  add i t ion ,  t h e  matrix,  which i s  n o t  r equ i r ed ,  need n o t  

be determined i n  these  subsequent i t e r a t i o n s .  

The s o l u t i o n  

Before t h e  in t roduc t ion  of changing flowsheet parameters ,  t h e  

number of row ope ra t ions  r equ i r ed  f o r  a 50 by 50 f lowsheet  m a t r i x  w a s  

determined. Between 200 and 280 row ope ra t ions  w e r e  pe r fomed  wi th  

about 80% of t h e  c a l c u l a t i o n a l  t i m e  requi red  f o r  Operat ions on the  

c o e f f i c i e n t  matrix. The number of cons t an t s  needed f o r  a l l  nuc l ides  

r e q u i r e s  more memory than i s  a v a i l a b l e  as f a s t  memory; however, because 

t h e  cons t an t s  need only  be accessed s e q u e n t i a l l y ,  s t o r a g e  on a d i r e c t  

access  device  is s u f f i c i e n t ,  and only a small b u f f e r  space i s  requi red .  
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4 .  LIMITATIONS AND SPECIAL CONSIDERATIONS 

4 .1  Limi ta t ions  of Steady S t a t e  Calcu la t ion  

A number of problems arise from t h e  cons idera t ion  of a s t eady  s ta te  

process  ( i . e . ,  f lowsheet  s t e p s  t h a t  are designed t o  be i n t e r m i t t e n t ) .  A 

good example i s  a waste tank t h a t  is  slowly f i l l e d  wi th  waste s a l t  over 

a pe r iod  of about 1 yea r ,  a f t e r  which t h e  sa l t  i s  he ld  up f o r  a decay 

per iod  and f l u o r i n a t e d  f o r  uranium recovery.  

materials are accumulated over  t h e  l i f e t i m e  of a r e a c t o r .  As a r e s u l t ,  

some materials must be removed by a d i sca rd  stream so t h a t  t he  res idence  

time i s  about one r e a c t o r  l i f e t i m e  i f  the nuc l ides  (e.g. ,  l ead )  are t o  

be discarded.  

I n  a d d i t i o n ,  a number of 

It is  a l s o  d e s i r a b l e  t o  treat some nuc l ides  (e.g., transuranium 

i so topes )  i n  a s t eady  s t a t e  concent ra t ion ,  even though s teady  s ta te  

r e q u i r e s  s e v e r a l  r e a c t o r  l i f e t i m e s  t o  achieve. 

a s t eady- s t a t e  material balance c a l c u l a t i o n ,  t he  convergence is  slowed 

down by t h i s  k ind  of c a l c u l a t i o n ,  because the code r e q u i r e s  t ime t o  

permit  t h e  concent ra t ions  of th is  material t o  b u i l d  up during successive 

i t e r a t i o n s .  

Although the code makes 

A s t eady  state c a l c u l a t i o n  €or  process ing  p l a n t s  w i th  nea r  t o t a l  

r ecyc le  of any s p e c i e s  r e q u i r e s  u s e r  caut ion .  

material t h a t  cannot be removed from some reg ion  o r  group of reg ions  

causes  t h e  system of equat ions  t o  be s i n g u l a r , . s i n c e  t h e  concent ra t ion  

of t h i s  material i n  those  r eg ions  is undefined. 

r e a c t o r  code do n o t  a l ter  t h e  concent ra t ions  of major sa l t  components, 

and p rov i s ion  i s  made i n  the processing p l a n t  code f o r  t h e  concent ra t ion  

of any n u c l i d e  t o  be def ined  by the input  a t  any po in t .  

The ex i s t ence  of any 

I t e r a t i o n s  wi th  t h e  
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4 . 2  System o f  Uni t s  

In  the  system of  u n i t s  t h a t  w a s  used,  t h e  code c a l c u l a t e d  concen- 

t r a t i o n s  i n  moles p e r  cubic  cent imeter  by us ing  flow rates i n  cubic  

cent imeters  p e r  second, volumes i n  cubic  cent imeters ,  e t c . ;  however, 

t h i s  i s  not  n e c e s s a r i l y  implied by t h e  equat ions ,  s i n c e  they  are j u s t  

as v a l i d  i n  o the r  systems of u n i t s  (the nuclear  l i b r a r y  uses  seconds 

as t h e  u n i t  of time). The most l o g i c a l  a l t e r n a t e  se t  of u n i t s  i s  t h e  

d e s c r i p t i o n  of volume i n  moles, rates i n  moles p e r  second, e t c . ,  which 

r e s u l t s  i n  concent ra t ions  i n  mole f r a c t i o n .  Some c a l c u l a t i o n s  might 

be changed by t h e  user  who prefers t h i s  system of units. For example, 

t he  c a l c u l a t i o n  of mole f r a c t i o n s  is  redundant and might be replaced 

by the  c a l c u l a t i o n  of concent ra t ions  i n  moles pe r  cubic  cent imeter .  

The g r e a t e s t  a l t e r a t i o n  requi red  i n  such a change of  u n i t s  is t h e  

replacement of t he  output  headings.  By such l a b e l  changes, i t  would 

be p o s s i b l e  t o  t rea t  any system of equat ions  of t h i s  form. 

4 . 3  Descr ip t ion  of P a r t i c u l a r  Items Using 
Mass Transfer  Coef f i c i en t s  

I n  most s imula t ions ,  t h e  u s e  of m a s s  t r a n s f e r  c o e f f i c i e n t s  was 

l imi t ed  t o  gas- l iquid con tac t s  r equ i r ing  one region f o r  t he  gas  phase 

and one region f o r  t h e  l i q u i d  phase conta in ing  only  one o r  two l i q u i d s .  

I t  w a s  assumed t h a t  t he  noble  gas  concent ra t ions  w e r e  small enough s o  

t h a t  no apprec iab le  e r r o r  would occur by t r e a t i n g  the gas bubbles as i f  

they had t h e  same concent ra t ions  as t h e  bulk gas .  This i s  n o t  an essen- 

t i a l  assumption, however, s i n c e  by us ing  more r eg ions ,  the same case 

might be descr ibed  as having more than one gas region.  The bulk  gas 
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would be a s e p a r a t e  

i n  sepa ra t e  l i q u i d s  

region from t h e  gas bubbles ,  and the  gas bubbles 

could e a s i l y  be sepa ra t e  regions.  I f  t h e  gas con- 

c e n t r a t i o n  changes as i t  rises through t h e  l i q u i d  and i s  n o t  s m a l l  

r e l a t i v e  t o  i t s  equi l ibr ium concent ra t ion ,  t h e  gas a t  va r ious  levels 

i n  t h e  l i q u i d  would be i n  d i f f e r e n t  r eg ions  and would r ep resen t  a 

column. 

Careful  cons idera t ion  has  a l s o  been given t o  s imula t ion  of m a s s  

t r ans fe r - l imi t ed  t r a n s f e r  rates as a replacement of equi l ibr ium s t a g e s  

i n  a l i qu id - l iqu id  contac tor .  For t u r b u l e n t  f low when t r a n s f e r  i s  E m -  

i t e d  by eddy d i f f u s i v i t y ,  t h e  only  d i f f i c u l t y  arises i n  s p e c i f i c a t i o n  

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 s  a t  the i n t e r f a c e .  This case can be 

descr ibed  by three regions:  the bulk  l i q u i d  phase S ,  t h e  bulk  l i q u i d  

phase B ,  and t h e  i n t e r f a c e  contac t  of bo th  phases.  The f lows  between 

t h e  i n t e r f a c e  reg ion  and t h e  bu lk  l i q u i d  reg ion  are the rates  of eddy 

t r a n s p o r t  i n  each phase. The product of eddy d i f f u s i v i t y  and concentra- 

t i o n  d r i v i n g  f o r c e  i n  each phase is I m p l i c i t l y  obtained i n  two flow ra te  

terms f o r  each phase i n  t h e  same manner descr ibed  i n  the s e c t i o n  on m a s s  

t r a n s f e r  c o e f f i c i e n t s .  I n  this case, 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  can 

s t i l l  be determined i t e r a t i v e l y  by t h e  same technique used f o r  e q u i l i b -  

rium s t a g e s  even though 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  are n o t  expected 

t o  be  t h e  same. 

4 . 4  U s e s  Requir ing Modif ica t ions  

It is p o s s i b l e  t o  cons ider  f lowshee ts  involv ing  ba tch  processes  

t h a t  might no t  be  represented  by either an equi l ibr ium process  o r  a rate 

l i m i t e d  p rocess ,  because t h e  amount of material t r a n s f e r r e d  between t h e  
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phases w a s  dependent on the  concent ra t ions  of o t h e r  elements as w e l l  

(e .g . ,  oxide p r e c i p i t a t i o n ) .  The rate c o e f f i c i e n t s  t h a t  are used have 

always remained cons tan t ,  bu t  t h i s  i s  no t  e s s e n t i a l  t o  t h e  code s i n c e  

i t e r a t i o n  is  requi red  t o  converge o t h e r  parameters i n  t h e  flowsheet.  

By us ing  a reasonable  estimate f o r  percent  removal ( i . e . ,  rate cons tan ts )  

f o r  va r ious  components, a set of concent ra t ions  would be obtained.  

Subroutine VOLUME would then be used t o  c a l c u l a t e  t h e  proper  removal 

rates on t h e  b a s i s  of t h e s e  concent ra t ions ,  and i t  would modify the ra te  

cons tan ts  accordingly f o r  t h e  next  i t e r a t i o n .  This system f o r  t r e a t i n g  

more genera l  processing s t e p s  should cause no g r e a t e r  convergence prob- 

l e m  than the  i terat ive determinat ion of d i s t r i b u t i o n  parameters  descr ibed 

later.  

An a l t e r n a t i v e  t o  t h i s  approach i s  t o  provide  concent ra t ion  o r  feed  

rate l i n k s  t o  such a subrout ine  as is  done withMATADOR, o r  even t o  

r ep lace  MATADOR with a r o u t i n e  s imula t ing  some s e c t i o n  o f  the f lowsheet .  

However, t he  most l i k e l y  s u b s t i t u t i o n  f o r  MATADOR i s  either a subrou t ine  

t h a t  reads  and s t o r e s  e n t e r i n g  process ing  p l a n t  concent ra t ions  o r  one 

t h a t  simulates a d i f f e r e n t  r e a c t o r  type.  I n  t h i s  l as t  case ,  the r e a c t o r  

and process ing  p l a n t  need not  be  l i nked  d i r e c t l y  and process ing  need 

no t  be continuous ( i .e.  , t h e r e  can be  ba t ch  replacements o f  f u e l  and a 

decay pe r iod ) ;  t h e r e f o r e ,  t h e  s t eady  state performance of a system of 

r e a c t o r s  and processing p l a n t s  can b e  obta ined .  
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AF'PENDIXE S 

USER'S MANUAL 

APPENDIX A: DESCRIPTION OF SUBROUTINES USED 

A d e s c r i p t i o n  of each r o u t i n e  used i n  t h e  program i s  given i n  t h e  

approximate o rde r  of use.  S u f f i c i e n t  information is a v a i l a b l e  t o  permit 

u se  of t h e  program and some modi f ica t ion  by users .  

u se r  should be a b l e  t o  u t i l i z e  the r e a c t o r  subrout ines  independent ly  

of t h e  process ing  p l a n t  code by supplying any necessary  information and 

a main program which ca l l s  MATADOR (with t h e  BLOCK DATA r o u t i n e  descr ibed 

i n  t h e  processing p l a n t  code). 

In p a r t i c u l a r ,  t h e  

Subrout ine MATADOR 

MATADOR d i r e c t s  a l l  the r e a c t o r  ca l cu la t ions .  It begins  by reading 

t h e  inpu t  de f in ing  the r e a c t o r  and t h e  v a r i a b l e s  that w i l l  provide an 

i n i t i a l  guess  f o r  process  p l a n t  removal rates, Through several calls 

t o  GRAPHT, i t  sets up t h e  c o e f f i c i e n t  m a t r i x  f o r  nuc lea r  t r a n s i t i o n s  

in t h e  graphi te .  

corresponding matrix f o r  t r a n s i t i o n s  i n  the sa l t ,  the processing p l a n t  

code can use t h e  matrix f o r  decay i n  the sa l t ,  and the m a t r i x  f o r  g r a p h i t e  

may be changed between i t e r a t i o n s  when the code is  used i t e r a t i v e l y  wi th  

ROD. 

Whereas t h i s  m a t r i x  i s  s t o r e d  s e p a r a t e l y  from the 

MATADOR begins  by s e t t i n g  up t h e  cons tan t  v e c t o r  and t h e  diagonal  

( t he  inve r se  of t h e  d iagonal  e lements  is  ca l cu la t ed  t o  save c a l c u l a t i o n a l  

t i m e  la ter  on) f o r  t h e  c a l c u l a t i o n  of t h e  r e a c t o r  s a l t  concent ra t ions .  

While t h e  v a r i a b l e s  X I N  and DXIN are zero  f o r  t h e  first ca l l  t o  MATADOR, 

t he  chemical removal ra te  of  each nuc l ide  i s  assumed t o  be  p ropor t iona l  

t o  t h e  r e a c t o r  concent ra t ion .  Hence, chemical process ing  i s  s p e c i f i e d  

i n  the d iagonal  element. 
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Two a d d i t i o n a l  op t ions  are a v a i l a b l e  on subsequent c a l l s .  F i r s t ,  

i t  may be assumed t h a t  t h e  flow rate of a nuc l ide  i n t o  t h e  r e a c t o r  (XIN) 

i s  independent of i t s  concent ra t ion  i n  t h e  r e a c t o r .  Second, i t  may be  

assumed t h a t  t h e  f low ra te  of material i n t o  t h e  r e a c t o r  is a l i n e a r  func- 

t i on  of t he  r e a c t o r  concent ra t ion .  In  t h i s  case ,  DXIN and t h e  d e r i v a t i v e  

of X I N  with r e spec t  t o  r e a c t o r  concent ra t ion  are nonzero. I n  consider ing 

chemical process ing ,  i t  w a s  necessary  t o  a l low negat ive  e f f i c i e n c i e s  t o  

adequately treat  those nuc l ides  produced by decay i n  the process ing  

p l a n t  t h a t  were removed p r imar i ly  by neutron captures  i n  t h e  r e a c t o r .  

Accordingly, care is taken t o  ensure t h a t  t he  d iagonal  elements do not  

approach zero.  A message i s  p r i n t e d  i f  the d iagonal  element reaches some 

predefined l i m i t i n g  va lue .  

The program ob ta ins  a s o l u t i o n  f o r  t h e  r e a c t o r  s a l t  wi th  a f i r s t  

estimate being made f o r  only t h e  f i r s t  c a l l  t o  MATADOR. Solu t ions  are 

then  obtained f o r  t h e  noble  gases  and noble  metals that are i n  contac t  

wi th  sa l t  both i n s i d e  and o u t s i d e  t h e  r e a c t o r .  Noble gases  l eav ing  t h e  

holdup reg ion  i n s i d e  the  r e a c t o r  are s e n t  t o  t h e  reg ion  o u t s i d e  t h e  

r eac to r .  

t h a t  t h e  c a l c u l a t i o n s  provide t h e  holdup i n  moles f o r  noble  gases  and 

noble  metals, and the flow rate i n t o  the sa l t  i n  moles p e r  second f o r  

a l l  o t h e r  materials. The c a l c u l a t i o n  a c t u a l l y  assumes that the re tu rn ing  

nuc l ides  are held up f o r  1 s e c  during which they  may decay o r  capture  

neutrons.  In  t h e  c a l c u l a t i o n s  of t he  t r a n s f e r  rates from these  holdup 

volumes t o  t h e  s a l t ,  t h e  t h r e e  systems of I equat ions  are weakly coupled 

and are assumed t o  converge i n  three passes .  This  may not  be t r u e  f o r  

long holdup t i m e s  i n  these phases;  t he re fo re ,  the va lues  are remembered 

The d iagonal  elements and t h e  cons tan t  v e c t o r s  are def ined  so  
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between c a l l s  t o  MATADOR s o  t h a t  each cal l  improves the  va lue  of these  

t r a n s f e r  rates. 

Several output  parameters are ca l cu la t ed  before  c a l l i n g  KEE, which 

con t ro l s  ou tput ;  t h e s e  are f i s s i o n  product poisoning pe r  f i s s i l e  absorp- 

t i o n ¶  nuc l ide  product ion rates, molar volume, uranium mole f r a c t i o n ,  and 

breeding r a t i o .  

is obtained.  If KARD is p o s i t i v e ,  t h e  concent ra t ions  are i n  a format f o r  

i npu t  t o  t h e  CALDRON code; i f  KARD i s  nega t ive ,  the concent ra t ions  are 

i n  a format f o r  input  t o  ORIGEN.2 

by t h e  c a l l i n g  program s o  t h a t  a modified ORIGEN code may b e  used as a 

second job  s t e p .  

I f  t h e  inpu t  v a r i a b l e  KARD i s  nonzero, punched output  

6 

The ORIGEN i npu t  can a l s o  be prepared 

Subrout ine AMATRX 

The main func t ion  of AMATRX is  t h e  cons t ruc t ion  of the m a t r i x  A ,  

which conta ins  decay and capture  rates f o r  a l l  t r a n s i t i o n s  between i so-  

topes ,  except  f i s s i o n .  The subrout ine  reads the d a t a  i n  t h e  format 

descr ibed i n  the s e c t i o n  on i n p u t  and writes a t a b l e  summarizing the 

nuc lea r  l i b r a r y .  

t h e  atomic number p lus  10 t imes t h e  molecular  weight (plus  1 f o r  exc i t ed  

s t a t e ) .  It s t o r e s  the i d e n t i f i c a t i o n  of a l l  decay daughters  and capture  

products  i n  a matrix NPROD wi th  t h e  corresponding product ion rates i n  

COEFF. It a l s o  s t o r e s  t h e  pa ren t  nuc l ide  i d e n t i f i c a t l o n ,  NUCL, t h e  t o t a l  

decay ra te ,  DIS, and t h e  cap tu re  c ros s  s e c t i o n ,  TOCAP, as w e l l  as hea t  

genera t ion  ra tes ,  the f r a c t i o n  of heat which i s  gamma energy, f i s s i o n  

product y i e l d s ,  etc.  Thermal, resonant ,  and f a s t  neutron c ross  s e c t i o n s  

are s t o r e d  so that the program can be  used i t e r a t i v e l y  wi th  ROD by 

Nucl ides  are i d e n t i f i e d  by the v a l u e  of 10,000 t i m e s  
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allowing co r rec t ions  based on t h e  s p e c t r a l  f a c t o r s  determined by ROD t o  

be made t o  t h e  c ros s  s e c t i o n  d a t a  f o r  t h e  next  MATADOR ca l cu la t ion .  

The program then cons t ruc t s  t he  v e c t o r  A (C i n  t h i s  subroutine:, 

which conta ins  t h e  va lue  of a l l  nonzero product ion rates,  and the  cor- 

responding v e c t o r  LOC, which conta ins  the  o r d i n a l  number of t h e  parent  

nuc l ide ,  assuming t h a t  t h e  daughter nuc l ides  are i n  t h e  same order  of 

t he  NUCLs. These cons tan ts  are s t o r e d  i n  t h e  order  of product ion by 

decay, and by thermal ,  resonant ,  o r  f a s t  neutron captures .  For each 

nuc l ide  t h e r e  are v a r i a b l e s  KD, KTH, KRI ,  and NONO which s t o r e  t h e  

cumulative number of terms f o r  t h a t  nuc l ide  w i t h  t he  sum of a l l  t h e  

NONOs being s t o r e d  i n  NON. I n  these  v a r i a b l e s  only members of a given 

group produce nuc l ides  i n  t h a t  group. S imi l a r ly ,  t h e r e  is  a set of 

v e c t o r s  i n d i c a t i n g  the  product ion ra te  of f i s s i o n  products  from t h e  

f i s s i o n  of a c t i n i d e s .  These v a r i a b l e s  are denoted by F, LOF, Kp, and 

NOF . 
A vec to r  NSTAR i s  cons t ruc ted  s o  t h a t  f o r  any NUCL wi th  atomic m a s s  

NMASS, atomic number NATNO, and isomeric  state (0 o r  1) NISOM: 

NSTAR = NTEMP + NATNO*10 

f o r  pos i t ron  e m i t t e r s ,  and 

NSTAR = NTEMP - NATN0*10 

f o r  a l l  o t h e r s ,  where 

NTEMP = NMASS*lOOOO + 1000 + NISOM. 

A v e c t o r  I O  i s  cons t ruc ted  which conta ins  t h e  o r d i n a l  numbers of a l l  

t h e  nuc l ides  i n  decreas ing  o rde r  of NSTAR. 

of atomic m a s s  wi th  t h e  o r d i n a l  number of exc i t ed  s ta te  n u c l i d e s  appearing 

This  i s  i n  decreas ing  order  

before  t h a t  of t h e  corresponding ground s t a t e  nuc l ide .  The sequence I’ 
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inc ludes  pos i t ron  emitters wi th  decreasing atomic numbers f o r  a given 

atomic mass, followed by o the r  nuc l ides  wi th  inc reas ing  atomic numbers. 

This  sequence inc ludes  a l l  nuc l ides  before  any of t h e i r  decay daughters  

as long as a l l  decays r ep resen t  a l o s s  of energy, mass, o r  reduct ion  i n  

E + MC2, r a t h e r  than a capture  of some kind. 

later i n  t h e  process ing  p l a n t  code as t h e  o rde r  of ca l cu la t ion .  

This  sequence i s  used 

The v a r i a b l e s  are dimensioned s o  that  as many as 800 nuc l ides  can 

be inc luded ,  of which as many as 100 may be a c t i n i d e s ;  i n  add i t ion ,  

t h e r e  may be as many as 1500 product ion rates of nuc l ides  from o t h e r  

nuc l ides  by decay o r  neutron absorpt ion.  

739 nuc l ides ,  99 a c t i n i d e s ,  and 1466 product ion rate terms. 

The nuc lea r  l i b r a r y  conta ins  

Subrout ine GRAPHT (DIS1, C A P 1 ,  DIS2,CAP2,COEFF,N,I,P2,VR,DEP,Dl,Pl,FLTJX2) 

The subrout ine  GRAPHT c a l c u l a t e s  rate c o e f f i c i e n t s  f o r  f i s s i o n  

product depos i t i on  i n  g r a p h i t e  based on t h e  d i f f u s i o n  model descr ibed 

2 i n  r e f .  2 ,  and t h e  v a r i a b l e  names are analogous: EN=n, EL=l ,  ENSQ=n , 

e t c .  The c a l c u l a t i o n s  are made t o  determine FLUX2, which i s  re turned  

t o  be i n s e r t e d  i n  a m a t r i x  G ,  and i s  analogous t o  the m a t r i x  A (described 

wi th  AMATRX). This  v a l u e  r e p r e s e n t s  the con t r ibu t ion  t o  the concentra- 

t i o n  of s p e c i e s  i from d i f f u s i o n  i n t o  g r a p h i t e  of spec ie s  j (A g as 

descr ibed  e a r l i e r ) .  The ad jus t ed  d iagonal  m a t r i x  element for the parent  

i s o t o p e  (G ), t h e  con t r ibu t ion  t o  poisoning by bo th  parent  and daughter 

i so topes  i n  t h e  g raph i t e ,  and the depos i t i on  rates of n o n v o l a t i l e  daugh- 

ters are a l s o  ca l cu la t ed .  

i3 i j ’  

j 

GRAPHT a l s o  uses  t h e  v a r i a b l e s  i n  common block G R A T E  that were 

read by MATADOR: AREA,VOL,PORTY,FILM,DTPFY,RADIUS, and SOLBTY. These 
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v a r i a b l e s  have been descr ibed i n  t h e  sec t ion  on inpu t .  The subrout ine  

r equ i r e s  a subrout ine  BESI f o r  computing Bessel func t ions .  

Subroutine BESI (X ,N , B I  ,IER) 

This  i s  a l i b r a r y  r o u t i n e  which computes t h e  Bessel func t ion ,  B I ,  

of o rde r  N wi th  argument X ,  where N and X are g r e a t e r  than o r  equal  t o  

zero.  IER is used as an e r r o r  i n d i c a t i o n .  

IER = meaning 

0 = no e r r o r  

1 = N i s  nega t ive  

2 = X i s  nega t ive  

3 = underflow, BI.LT.l.E-69,BI set t o  0.0 

4 = overflow, X.GT.170 where X.GT.N 

Only Bessel func t ions  of o r d e r s  0 and 1 are requi red  by G W H T .  

Subroutine CHEMPL 

The va lue  of t he  r e c i p r o c a l  of  the removal time f o r  the group of 

which t h a t  nuc l ide  i s  a member i s  s to red  i n  the v a r i a b l e  PR(1) (processing 

r a t e )  f o r  each nuc l ide .  On t h e  f i r s t  c a l l ,  the r o u t i n e  uses  the group 

removal t i m e s  (NTIME) t h a t  are used f o r  ou tput  purposes and the e f f i c i e n c i e s  

assumed f o r  each element t o  c a l c u l a t e  a removal time f o r  each element i n  

t h e  u n i t s  used f o r  t h a t  group of elements.  This  is  w r i t t e n  i n  a t a b l e  

f o r  output .  

m a t r i x  elements f o r  product ion of uranium from pro tac t in ium an amount 

which assumes t h a t  a l l  pro tac t in ium removed by chemical process ing  decays 

In  add i t ion ,  on t h e  f i r s t  c a l l  t h e  program adds t o  the 

t o  uranium and i s  re turned  t o  the  r e a c t o r .  A c a l l  t o  another  e n t r y  po in t  - 
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(ENTRY REPAIR) causes  these  amounts t o  be sub t r ac t ed  from t h e  proper 

ma t r ix  e lements ,  thus  assuming t h a t  the  l i n k  t o  t h e  processing p l an t  

r o u t i n e s  t akes  t h i s  i n t o  account. 

Subrout ine GAUSS (XEQL , C ,D , *) 

GAUSS so lves  t h e  matrix equat ion:  

A(XEQL) = C , 
%! p\, 

where A i s  t h e  c o e f f i c i e n t  matrix, and r e c i p r o c a l s  of t h e  d iagonal  ele- 

ments are given by D. A nonstandard r e t u r n  i s  made i f  t h e  system does 

not  converge wi th in  t h e  maximum al lowable number of i t e r a t i o n s .  The 

groups of terms included i n  t h e  c o e f f i c i e n t  matrix are determined by t h e  

va lue  of t h e  l o g i c a l  v a r i a b l e s  REGION, and REG2. 

Subroutine KEE 

Subrout ine KEE ensures  t h a t  subrout ine  RESULT (described nex t )  i s  

c a l l e d  i f  t h i s  is t h e  las t  call t o  MATADOR as ind ica t ed  by t h e  l o g i c a l  

v a r i a b l e  ILLOG. Subroutine KEE p r i n t s  t he  number of ca l l s  t o  MATADOR 

and a convergence message, and calls RESULT a t  s p e c i f i e d  i n t e r v a l s .  

Subrout ine RESULT (XEQL) 

RESULT p r i n t s  ou tput  t a b l e s  f o r  a given set of r e a c t o r  concentra- 

t i o n s  (XEQL). It f i r s t  c a l c u l a t e s  t h e  number of moles of material i n  the  

stream re tu rn ing  t o  t h e  r e a c t o r  f o r  use i n  the  c a l c u l a t i o n  of mole f rac-  

t i o n  f o r  t h a t  stream. It then  i n i t i a l i z e s  o r  c a l c u l a t e s  o the r  important 

v a r i a b l e s  such as: 
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FI S SL = t he  m a s s  of materials l o s t  due t o  f i s s i o n ,  

FISSN = absorp t ion  ra te  by t h e  f i v e  f i s s i o n a b l e  i so topes ,  

FISSA = absorp t ion  ra te  by f i s s i l e  i s o t o p e s ,  

DMOLAR = molar dens i ty ,  

TOCAP(1GAS) = t he  ad jus ted  c ross  s e c t i o n  f o r  noble  gases  t h a t  

r e f l e c t s  t h e  number of absorp t ions  of noble  gases  

i n  g raph i t e .  

The program c a l c u l a t e s  t he  gamma hea t  rate i n  t h e  s a l t ,  t h e  absorp- 

t i o n  rate i n  t h e  s a l t  normalized t o  absorp t ions  p e r  f i s s i o n ,  t h e  removal 

rate due t o  chemical process ing ,  and the  con t r ibu t ion  t o  r a d i o a c t i v i t y  

i n  the  sa l t  f o r  each of t h e  t h r e e  groups of nuc l ides  ( l i g h t  e lements ,  

a c t i n i d e s ,  and f i s s i o n  products ) .  A series of c a l l s  t o  subrout ine  SORT 

i s  used t o  i d e n t i f y  t h e  25  most important materials i n  each category.  

Calcu la t ions  f o r  t h e  f i s s i o n  products  are somewhat complicated by t h e  

con t r ibu t ion  of nuc l ides  i n  the  c i r c u l a t i n g  bubbles and by t h e  contr ibu-  

t i o n  of nuc l ides  p l a t e d  on to  the  r e a c t o r  su r faces .  

t he  program p r i n t s  t h e  t o t a l s  f o r  removal of f i s s i o n  products  and a c t i n i d e s ,  

t h e  burnup ra te  of thorium, and a co r rec t ion  f a c t o r  based on t h e  nuc lea r  

t r a n s i t i o n s  t o  nuc l ides  not  l i s t e d  i n  t h e  l i b r a r y .  A c o r r e c t i o n  f a c t o r  

not  considered is the  amount by which t h e  average m a s s  y i e l d  from f i s s i o n ,  

as given i n  the  l i b r a r y ,  f a i l s  t o  match the  m a s s  of t h e  f i s s i o n a b l e  nuc l ide  

less the  average number of neut rons  emit ted.  

i n  t h i s  subrout ine  are : 

Once t h e s e  are p r i n t e d ,  

Addi t iona l  important  v a r i a b l e s  

COMPNG = composition of noble  gases ,  

COMPNM = compositions of noble  metals,  

HEATNM = h e a t  genera t ion  rates of noble  metals, 
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COMPBI = composition of materials ex t r ac t ed  i n t o  bismuth, 

COMPRE = composition of rare e a r t h s ,  

COMPF2 = compositions of materials removed from f l u o r i n a t o r s ,  

p r imar i ly  t h e  halogens,  

COMPLB = compositions of materials removed i n  group 6 by chemical 

process ing ,  

SRATE = sum of the  removal rate f o r  each nuc l ide  group, 

SHEAT = sum of t h e  hea t  genera t ion  rates i n  each group, and 

SCAPT = sum of the  absorp t ion  rates i n  each group. 

MAIN Program 

The main program c o n t r o l s  t h e  processing p l a n t  c a l c u l a t i o n s ,  and 

begins  by c a l l i n g  MATADOR f o r  s e t t i n g  up the  m a t r i x  f o r  decay chains .  

It then reads  t h e  input  descr ib ing  t h e  f lowsheet  and p r i n t s  t h e  t a b l e s  

of i npu t  da t a .  

t i n a t i o n s  t o  cons t ruc t  v e c t o r s  which desc r ibe  these  streams by t h e  

o r d i n a l  numbers of t he  reg ion  names,used. In  a d d i t i o n ,  t o t a l  flows and 

f r a c t i o n a l  f lows are determined. A l l  st reams wi th  a d e s t i n a t i o n  n o t  i n  

t h e  l i s t  of reg ion  names are assumed t o  be d i sca rd  streams and are added 

t o  t h e  l o s s  rates. 

equi l ibr ium cons tan t s  t o  be used. 

Region names are compared wi th  stream o r i g i n  and des- 

The program ca l l s  subrout ine  EQKN t o  de f ine  t h e  

The program then  alternates cal ls  t o  MATADOR w i t h  c a l c u l a t i o n s  of 

process ing  p l a n t  concent ra t ions .  Process ing  plant concent ra t ions  are 

ca l cu la t ed  f o r  one nuc l ide  a t  a t i m e  i n  t h e  o rde r  def ined  by I O  t o  

ensure  t h a t  decay products  fo l low t h e i r  p recursors .  

a c o e f f i c i e n t  matrix and two cons tan t  v e c t o r s  f o r  each nuc l ide  be fo re  

The program de f ines  
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c a l l i n g  a subrout ine  MATQD t o  s o l v e  t h e  two sets  of equat ions  represented .  

The f i r s t  cons tan t  vec to r  de f ines  t h e  product ion rates of t h e  nuc l ide  

and r e s u l t s  i n  t h e  l i s t  of concent ra t ions .  The  second v e c t o r  has i ts  

only nonzero va lue  corresponding t o  t h e  r e a c t o r ,  and i t  r e s u l t s  i n  t h e  

s o l u t i o n  of t h e  concent ra t ions  f o r  t he  case  of no product ion by decay 

i n  the  processing p l a n t ;  i f  i n s t r u c t e d  t o  do so ,  i t  determines t h e  

in f luence  of r e a c t o r  concent ra t ion  on the e f f l u e n t  from t h e  processing 

p l a n t .  

I f  t h e  inpu t  i n s t r u c t i o n s  s p e c i f y  averaging between i t e r a t i o n s ,  t h e  

program averages concent ra t ions  t o  and from t h e  r e a c t o r ,  and averages 

removal times wi th  t h e i r  p rev ious  va lues .  It a l s o  checks f o r  conver- 

gence (perhaps an ordered l ist  of t h e  r e a c t o r  i n l e t  concent ra t ions  i n  

decreasing o rde r  of t h e i r  relative change i n  t h e  l a s t  i t e r a t i o n )  and 

p r i n t s  t h e  f i r s t  50 i n  t h i s  l ist .  VOLUME is  c a l l e d  f o r  poss ib l e  modifi- 

ca t ion  of t h e  flowsheet parameters ,  and a l o g i c a l  v e c t o r  i s  def ined  t h a t  

i d e n t i f i e s  t h e  nuc l ides  that have converged; t h e r e f o r e ,  they need only 

be considered on every t e n t h  i t e r a t i o n .  

Af te r  t he  c a l c u l a t i o n s  have converged, o r  t h e  program reaches t h e  

allowed t i m e  l i m i t  o r  number of i t e r a t i o n s ,  a deck of punched cards  is 

prepared. I f  I 2  i s  g r e a t e r  than  zero,  t h e  deck inc ludes  r e a c t o r  e f f l u e n t  

concent ra t ions  and removal e f f i c i e n c i e s  f o r  a l l  t he  nuc l ides .  I f  I 6  is  

g r e a t e r  than zero,  much of t h e  d e s c r i p t i o n  of t h e  process ing  p l a n t  i s  

included.  The program then calls OUT0 and s tops .  

BLOCK da ta .  A block d a t a  subrout ine  i s  used t o  i n i t i a l i z e  t h e  

100-element v a r i a b l e  ELE t o  the  element symbols, and the v a r i a b l e  STA(1) 

and STA(2) t o  blank and "MI'. 
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Subroutine EQKN 

EQKN reads  d a t a  f o r  d i s t r i b u t i o n  cons tan ts  and ass-gns va lues  t o  

the  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 t r i x ,  EQK. The d a t a  are s e l e c t e d  f o r  

cha rac t e r i z ing  a reg ion  by matching an inpu t  v a r i a b l e  (NS) i n  t h e  d a t a  

wi th  the  input  v a r i a b l e  (NSTR) corresponding t o  t h e  region.  For  reg ion  

REGION(N), t h e  d i s t r i b u t i o n  c o e f f i c i e n t  f o r  the  element wi th  atomic 

number NZ i s  EQK((N-l)*lOO+NZ). For NS = 1 o r  NS = 2 t h e  va lue  of NSTR 

i s  used t o  choose between two temperatures.  I f  NS = NSTR(N), t h e  calcu- 

l a t i o n  assumes a temperature of 640OC; i f  NS+20 = NSTRCN), t h e  c a l c u l a t i o n  

assumes a temperature of 550°C. S u f f i c i e n t  d a t a  i s  s to red  i n  v a r i a b l e s  

IAE, A I E ,  AKE, and BKE t o  later al low a d i f f e r e n t  c a l c u l a t i o n  f o r  t hese  

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  VOLUME. 

Subrout ine VOLUME ("LEFT) 

On t h e  f i r s t  cal l  t o  VOLUME, the  i n p u t  v a r i a b l e s  are read ,  each 

phase i s  assigned a s t a r t i n g  molar dens i ty ,  and each region i s  assigned 

a r a t i o  of molar d e n s i t i e s  f o r  u s e  i n  convert ing d i s t r i b u t i o n  cons tan ts  

from r a t i o s  of mole f r a c t i o n  t o  r a t i o s  of concent ra t ions .  E s t i m a t e s  of 

molar d e n s i t y  are found i n  t h e  va lues  of WEST and WEST f o r  f i r s t  and 

second phases ,  r e spec t ive ly .  The 16 va lues  i n  each v e c t o r  correspond t o  

t h e  va lues  of t h e  two hexadecimal d i g i t s  of NC which i d e n t i f y  t h e  phases 

p re sen t .  

On subsequent ca l l s ,  VOLUME begins  by c a l c u l a t i n g  new va lues  of 

X L I B  f o r  those  reg ions  wi th  NV.LT.0. The en te r ing  equiva len t  dens i ty  

f o r  a given reg ion  i s  determined by us ing  t h e  t a b l e s  of va lences ,  and 
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f o r  spec i fy ing  the  equ iva len t  dens i ty  i n  t h a t  region i f  t he  va lue  

suppl ied  on inpu t  i s  less than  0. The equat ions  f o r  concent ra t ions  

i n  t h e  region are then solved f o r  each new in te rmedia te  lithium d i s t r i -  

bu t ion  X L I ,  wi th  t h e  equ iva len t  d e n s i t y  and t h e  d e r i v a t i v e  of  equiva len t  

dens i ty  wi th  r e spec t  t o  XLI being determined f o r  each s o l u t i o n .  Each 

new XLI  va lue  i s  then determined by Newton's method, b u t  wi th  XLI  confined 

t o  con t inua l ly  r ead jus t ing  narrowing limits based on t h e  s i g n  of t he  d i f -  

fe rence  of equ iva len t  dens i ty  and t h e  re ference  va lue .  

DECIDE i s  def ined t o  i d e n t i f y  a l l  nuc l ides  t h a t  have a s i g n i f i c a n t  i n f luence  

on the  d e r i v a t i v e  of equiva len t  balance wi th  r e s p e c t  t o  XLI. NLEFT i s  the 

number of reg ions  r equ i r ing  more than one i t e r a t i o n .  

A l o g i c a l  v a r i a b l e  

The converged va lues  of XLI are s t o r e d  i n  X L I B  so  t h a t  new d i s t r i b u -  

t i o n  c o e f f i c i e n t s  can be determined later, j u s t  before  r e tu rn ing  t o  t h e  

main program. Before t h i s  c a l c u l a t i o n  is  done, however, t he  molar volume 

is  ca l cu la t ed  f o r  a l l  phases  ind ica t ed  by the  f i r s t  d i g i t  of NC. This  

i s  used t o  r ede f ine  the  va lues  f o r  molar dens i ty ,  t o t a l  f low rate, and 

r a t i o s  of molar d e n s i t i e s  f o r  u se  as a conversion f a c t o r  f o r  t h e  d i s t r i -  

bu t ion  coef f i c ien  t s . 
This  subrout ine  is  used t o  change f lowsheet  parameters  between 

i t e r a t i o n s .  It could e a s i l y  be modified t o  a d j u s t  o t h e r  parameters as 

w e l l .  The most probable  a d j u s t a b l e  parameter i s  t h e  rate c o e f f i c i e n t  

t a b l e  t h a t  would be ad jus ted  t o  match some a r b i t r a r y  func t ion  of 

process ing  p l a n t  concent ra t ions .  This  i s  t h e  method considered f o r  

s imula t ing  t h e  oxide p r e c i p i t a t i o n  flowsheet that involved nonl inear-  

i t ies ,  nonequi l ibr ium con tac t s ,  and ba tch  opera t ions .  
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Subroutine MATQD (A,X,NR,NV,DET ,NA,NX) 

MATQD so lves  a system of l i n e a r  a lgeb ra i c  equat ions  i n  double 

p r e c i s i o n ,  w i t h  c o e f f i c i e n t  m a t r i x  A and cons tan t  v e c t o r  X, and r e t u r n s  

wi th  the  s o l u t i o n  v e c t o r  i n  X. Any number, NV, of systems of equat ions  

wi th  t h e  same c o e f f i c i e n t  matrix may be solved by inc luding  NV cons tan t  

vec to r s , each  of which occupies t h e  f i r s t  NR p o s i t i o n  i n  consecut ive 

segments i n  X of l eng th  NX; t hus ,  

A = t h e  c o e f f i c i e n t  matrix, where t h e  element i n  row I and 

column J i s  element number (J- l )*NA+I.  

X = s o l u t i o n  v e c t o r  and cons tan t  vec to r .  The p o s i t i o n  represented  

by v a r i a b l e  I i n  t h e  s o l u t i o n  set  K i s  (K-l)*NX+I. 

NR = number of unknowns. 

NV = number of s o l u t i o n s  r equ i r ed  wi th  t h e  m a t r i x  A. 

DET = r e t u r n s  wi th  va lue  0.0 f o r  a s ingu la r  m a t r i x  and a va lue  1.0 

f o r  a nonsingular  matrix. Or ig ina l ly ,  DET w a s  t h e  va lue  of 

the  determinant of A. 

NA = number of elements i n  A allowed f o r  each column. 

NX = number of elements i n  X allowed for each set of equat ions.  

Var iab les  A,  X,  and DET are double p rec i s ion .  

MATQD w a s  o r i g i n a l l y  obta ined  from t h e  ORNL computer l i b r a r y ;  

however, t he  s o l u t i o n  h e r e  involves  a s p a r s e  m a t r i x .  For this  reason ,  

mod i f i ca t ions  w e r e  made t o  have t h e  subrout ine  check f o r  zeros  before  

performing m u l t i p l i c a t i o n s  and d i v i s i o n s  i n  t h e  c o e f f i c i e n t  m a t r i x .  

v e c t o r  ISTAR was defined t o  remember t h e  row numbers of up t o  50 rows, 

wi th  nonzero elements below the  p i v o t  element t o  be e l imina ted  i n  a 

A 
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given reduct ion  s t e p .  Af t e r  mod i f i ca t ion ,  the r o u t i n e  obta ined  the 

s o l u t i o n  i n  one- f i f th  the  t i m e  requi red  previous ly .  T h i s  modified ver- 

s i o n  has  been used t o  r ep lace  t h e  l i b r a r y  ve r s ion  i n  one o t h e r  i n s t ance ,  

and it  achieved a s o l u t i o n  i n  one-third the  t i m e  r equ i r ed  previous ly .  

Subrout ine OUTO 

OUTO supp l i e s  i npu t  f o r  t h e  modified ORIGEN7 code used as a second 

j o b  s t e p  and p r i n t s  a l l  output  t a b l e s  t h a t  supply concent ra t ions  o r  h e a t  

genera t ion  rates. It requ i r e s  t h e  func t ion  NOAH, descr ibed  previous ly ,  

f o r  producing alphameric names from n u c l i d e  i d e n t i f i c a t i o n s .  It a l s o  

c a l l s  t he  subrout ine  OUTL. 

Subrout ine OUTL (REG, RAY RB, XL, YL, NR) 

OUTL searches  through t h e  l o s s  rates and p r i n t s  a summary of t h e  

l o s s  rates from t h e  processing p l a n t ,  where 

REG = l ist  of  reg ion  names, 

RA = l ist  of f i r s t -phase  names, 

RB = l is t  of second-phase names, 

XL = f i r s t -phase  l o s s  rates, 

YL = second-phase l o s s  rates, and 

NR = number of reg ions .  

Miscellaneous Short  Routines 

Subroutine SORT (X,LABEL ,Y ,NAME ,NX,NY) 

SORT makes one pass  through t h e  v e c t o r ,  Y ,  and i n s e r t s  t h e  values 

of Y and NAME i n  the  v e c t o r s  X and LABEL s o  t h a t  t h e  X va lues  are i n  
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decreasing order .  

while  Y and NAME have dimension NY. 

X and LABEL have dimension NX i n  subrout ine  SORT, 

Subrout ine ZERO(A,B,N) 

ZERO zeroes  the space between address  A and B i n c l u s i v e  i n  u n i t s  

of N by tes .  

Subrout ine HALF(A. I) 

-1 
HALF computes t h e  decay cons tan t ,  A ,  i n  u n i t s  of s e c  from the 

h a l f - l i f e  A i n  u n i t s  denoted by I ,  where I corresponds t o  IU i n  t h e  

nuc lea r  l i b r a r y .  

Function NOAH (NUCLI) 

Th i s  r o u t i n e  cons t ruc t s  a three-word alphameric symbol f o r  an i so-  

tope  from i t s  s ix -d ig i t  i d e n t i f y i n g  number, NUCLI .  The t h r e e  words 

c o n s i s t  of t h e  symbol f o r  t h e  chemical element,  t h e  atomic weight,  and 

e i t h e r  a blank o r  an ”M” t o  des igna te  a ground s ta te  o r  metas tab le  s ta te .  

These symbols are used only when p r i n t i n g  output  t a b l e s .  
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APPENDIX B: INPUT 

The inpu t  d e s c r i p t i o n  i s  arranged by subrout ine  names i n  the order  

i n  which they  are ca l l ed .  The inpu t  d e s c r i p t i o n  i s  f u r t h e r  divided so 

t h a t  each type of input  card can be  i d e n t i f i e d .  The argument l ist  and 

the  format are given f o r  each read  s ta tement .  

Nuclear Library  (AMATRX) 

A. NDT: (-110) used t o  determine format f o r  nuc lea r  l i b r a r y .  

B. card 1: 80 cha rac t e r  t i t l e ;  alphameric format 

card 2: ERR, NMO, NDAY, NYR, NGO 

FORMAT (F10.5 , 412) 

ERR = number below which cons t an t s  (decay cons t an t s ,  

e t c . )  w i l l  be  assumed t o  be  zero 

NMO, NDAY, NYR = d a t e ,  month, day, year  used as heading 

NGO -- no longer  used. 

NSORS (I) ,I=l , 5 

FORMAT (5110) 

The s ix -d ig i t  i d e n t i f y i n g  numbers f o r  t h e  f i v e  f i s s i o n a b l e  

card 3 : 

Y Y 238U, and 239Pu. These must 
233u 235tT 232Th, mater i a1 s 

be i n  o rde r ,  because they  r e f e r  t o  columns of d a t a  on 

f i s s i o n  product y i e l d s .  

The s ix -d ig i t  i d e n t i f y i n g  numbers are made up s o  t h a t  t h e  h ighes t  

o rder  d i g i t s  g ive  the  atomic number, t he  next  t h r e e  d i g i t s  g ive  the  atomic 

m a s s ,  and t h e  lowest order  d i g i t  i s  0 f o r  ground s ta te  and 1 f o r  e x c i t e d  

state. This i s  t h e  same system used by t h e  ORIGEN7 code. The next  cards  
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desc r ibe  t h e  p r o p e r t i e s  of each nuc l ide  i n  the nuc lea r  l i b r a r y .  If t h e  

prev ious ly  read  v a r i a b l e ,  NDT is nonzero,  t h e  l i b r a r y  is  read from u n i t  

7 i n  t h e  formats  given i n  r e f .  7 .  

d i s c  f i l e s .  

Unit  7 has  usua l ly  been a series of 

For NDT=O t h e  l i b r a r y  i s  read on u n i t  50 i n  t h e  format and 

order  given here .  

* 
Light  Elements 

NUCL(1) , DLAM,TU,FBI,FP,FPI,FT,FA,SIGTH,l?"Gl ,FNA,FNP,RITH,FINA,FINP 

SIGMEVyFN2N1,FFNA,FFNP ,Q,FG 

FORMAT (I6 ,F5.3 ,11,5F5.3 ,E5.2,3F3.3 ,E5.2 JF3.3 ,E5.2,3'P3.3 ,F4 3 ,F3 3 ,F6.3) 

Ended by NUCL ( I ) = O  

A c t  i n i d e s  

NUCL (I) , DLAM , IU ,FBI ,FP ,'FPI ,FT ,FA, SIGNA ,RING, FNGl , S IGF ,RIF , SIG'FF , SIGN2N , 

FN2N1 ,Q ,FG, SIGN3N ,FSF 

FORMAT(I6,F5.3,11,5F3.3,2E5.2,F3.3,4E5.2,F3.3,F4.4,F3.3,2E5.2) 

Ended by NUCL(I)=O 

SIGN3N, and FSF are n o t  used. 

* 
'Fission Products  

Ended by NUCL(I)=O 

* 
These v a r i a b l e  names are no t  the names of program v a r i a b l e s  but 

were chosen t o  conform t o  the names used i n  and def ined  by ref. 7. 
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MATADOR Input  

A. T i t l e  ca rd ;  80 cha rac t e r s ,  alphameric format.  

B. RUX, POWER, FLOW1, THERM, RES, FAST, FPABS 

FORMAT (8F10.5 ) 

FLUX = nominal--flux, cm s e c  

POWER = power, MW(t) 

F L O W 1  = feed ra te ,  equiva len t  p e r  second 

THERM = thermal spectrum f a c t o r  

RES = resonance spectrum f a c t o r  

FAST = f a s t  spectrum f a c t o r  

FPAES = r e fe rence  f i s s i o n  product absorpt ion.  

-2 -1 

C. EPS, ERR, MAX, URD 

FORMAT ( 2F10.3 , 2 I 5 ) 

EPS = e r r o r  c r i t e r i o n  i n  Gauss-Seidel s o l u t i o n  

ERR = number less than which concent ra t ions  w i l l  be  considered 

zero  

MAX = maximum number of i t e r a t i o n s  allowed f o r  s o l u t i o n  

KARD = s i g n a l  f o r  punched ou tpu t ,  i f  no punched cards  from 

MATADOR. 

D. AREA, VOL, RADIUS, PORTY, FILM, DIFFY, SOLBTY, VRATIO 

FORMAT (8E10.3) 

AREA = graph i t e  area, cm 

VOL = s a l t  volume, cc 

RADIUS = g r a p h i t e  rod r a d i u s ,  cm 

PORTY = g r a p h i t e  p o r o s i t y ,  cc-void/cc 

FILM = m a s s  t r a n s f e r  c o e f f i c i e n t  f o r  krypton,  cm/sec 

2 
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2 DIFFY 

SOLBTY = s o l u b i l i t y  of krypton i n  f u e l  sa l t  (mole/cc of l i q u i d ) /  

(mole/cc of gas)  

= d i f f u s i v i t y  of krypton i n  pores ,  cm /sec 

VRATIO = r a t i o  of g raph i t e  volume t o  salt  volume i n  core ;  

i f  AREA=O next  card is  type G. 

E. IGAS, IDAU, IENT, 13 ,  I3DEP, NEXT 

FORMAT ( 4X, 16 ,4X, 16, IS , 4X, 16,2 I5 ) 

IGAS = gas i d e n t i f i e r  

IDAU = i d e n t i f i c a t i o n  of daughter 

IENT = 0 i f  daughter depos i t s  

= 1 i f  daughter i s  v o l a t i l e  

= i d e n t i f i c a t i o n  of granddaughter formed from v o l a t i l e  I3 

daughter 

I3DEP = same as IENT except  t h a t  i t  r e f e r s  t o  I3 

NEXT = number used t o  con t ro l  program 

> 0 r e t u r n  t o  next  type  E card 

= 0 read type  G card 

< 0 read  type F card followed by one of type E. 

The f i r s t  set r e f e r s  t o  daughters  of krypton,  t h e  nex t  set a f t e r  t h e  

type F card r e f e r s  t o  daughters  of xenon. 

F. PILM,DIJ?E'Y,SOLBTY 

FORMAT (3E12.5) 

The v a r i a b l e s  are def ined  i n  t h e  same way as those  of card type D. Af t e r  

t h i s  card ,  t he  next  card read  is  of type E. 
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G. INPUT(1) ,X(I) ,I=1,4 

FORMAT(4(15,F10.3)) 

INPUT = s ix -d ig i t  i d e n t i f i e r  of nuc l ide  

X = composition i n  atom f r a c t i o n  o r  mole f r a c t i o n .  

The materials fed  t o  t h e  r e a c t o r  are 'Li, 'Be,  232Th, and "F. 

The molar feed  rate i s  F L O W 1  * X(1) i n  g-atom/sec. 

H. 

I. 

J. 

TIME (N) ,N=l , 10 

FORMAT (10E8.1) 

TIME(N) = t h e  removal time f o r  group N of elements.  

NP(1) ,I=1,100 

FORMAT (40 (12)) 

NP(1) = t h e  group number f o r  element wi th  atomic number I. 

NZ(1) ,EFF(I) ,I=1,8 

FORMAT(8(13,F7.4)) 

EFF = t he  removal e f f i c i e n c y  of t h e  element wi th  atomic number NZ. 

Only those  elements wi th  a removal e f f i c i e n c y  d i f f e r e n t  from 1.0 need be 

s p e c i f i e d .  

s topping when NZ-0 is  encountered. 

As many cards  as necessary may be used w i t h  inpu t  of EFFs, 

K. THETA = six values.  

FORMAT (8F10.3) 

THETA(1) = holdup time of group 1 elements (noble gases)  i n  the  

c i  r cu l  a t  ing gas bubbles . 
THETA(2) = holdup of group 2 elements (noble m e t a l s )  depos i ted  

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

THETA(3) = holdup of group 3 elements (seminoble metals) depos i ted  

-C. i n  t he  r e a c t o r  core.  
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THETA(4) = holdup of group 1 elements i n  contac t  wi th  s a l t  

ou t s ide  t h e  f l u x  of t h e  r e a c t o r .  The gas i s  assumed 

t o  be t h e  e f f l u e n t  of gases  from t h e  r eac to r .  

THETA(5),THETA(6) = holdup time of group 2 and 3 elements,  

r e spec t ive ly ,  i n  contac t  wi th  sa l t  ou t s ide  t h e  

r e a c t o r .  

L. NTINE(1) ,PUNIT(I) ,I=1,10 

FORMAT(lO(I.4 ,A4)) 

NTIME(1) = t h e  removal t i m e  of group I elements expressed i n  u n i t s  of 

PUNIT(1); t h e s e  are used only f o r  p r i n t o u t  purposes when going through 

MATADOR f o r  t h e  f i r s t  t i m e .  

M. NZ(I ) ,EFF(I ) , I= l ,8  

FORMAT (8 (13,  F7.4) ) 

The v a r i a b l e s  are d m y  v a r i a b l e s  wi th  no r e l a t i o n  t o  t h e  v a r i a b l e s  

Here NZ i s  an atomic number as be fo re ,  bu t  EFF i s  read  as card type J. 

a f r a c t i o n  of t he  element of group 2 o r  3 which i s  p l a t e d  out  i n  t h e  

r e a c t o r .  The remaining mater ia l  is  assumed t o  be deposi ted ou t s ide  t h e  

r e a c t o r  f lux .  A s  many ca rds  are read as necessary  u n t i l  NZ=O is  encountered. 

MAIN i npu t  

The main program p r imar i ly  r eads  inpu t  descr ib ing  t h e  f lowsheet  and 

The cards  t h a t  fo l low are v a r i a b l e s  which c o n t r o l  execut ion and output .  

read from u n i t  2: 

A. 11,12,13,14,15,16,17,18,19,110,NWASTE,112,113,11~,115 

FORMAT (1615) 
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Explanation of v a r i a b l e s  : 

I1 

I2 

I3 

I4 

I5 

I6 

I7 

I8 

I9 

I10 

WASTE 

I12 

I13 

I14 

I15 

I f  I1.GT.O flowsheet input  concent ra t ions  and removal 

e f f i c i e n c i e s  are input  from previous cases  wi th  12.GT.0. 

If 12.GT.0 punch output  t o  be read i f  I1.GT.O 

Predic ted  number of i t e r a t i o n s ;  maximum number of 

i t e r a t i o n s  when no t i m e  l i m i t  is  used. 

Not needed 

Not needed 

If 16.GT.O flowsheet information i s  punched f o r  l a t e r  

input  when I8.GT.O. 

Not needed 

If 18.GT.0 flowsheet information i s  read  from cards  

punched ea r l i e r .  

No averaging i s  done on concent ra t ions  u n t i l  19 i tera- 

t i o n s  are complete. 

I f  IIO.GT.O averaging i s  n o t  done on concent ra t ions  

between i t e r a t i o n s .  

Number of w a s t e  streams 

I f  t h e  number of i t e r a t i o n s  i s  less than t h i s ,  nuc l ides  

are not  excluded because they do n o t  a f f e c t  D va lues .  

I13 i t e r a t i o n s  are made a t  end i n  which nuc l ides  do no t  

a f f e c t  DLi va lues ,  and are n o t  excluded. 

I f  114.GT.0, t he  program s u p p l i e s  MATADOR wi th  a 

d e r i v a t i v e  of r e a c t o r  i n l e t  concent ra t ion  wi th  r e s p e c t  

t o  r e a c t o r  o u t l e t  concen t r a t ion ,  

I f  115.GT.0, t he  program starts output  s e c t i o n  a f t e r  

I15 minutes of c a l c u l a t i o n .  

L i  
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B. EPS, ERR, MAX 

FORMAT (2F10.3, 15) 

Explanation of v a r i a b l e s :  

EPS Convergence c r i t e r i o n  divided by 10 ( t y p i c a l  va lue ) .  

ERR Number below which concent ra t ions  are set t o  0.0. 

MAX Not used. 

C.  WTDX 

FORMAT (F10.3) 

WTDX = t h e  weighting f a c t o r  given t o  DXIN. 

D. NREG, N I N X ,  N I N Y ,  NINP, NRATE, KRATE, SRATE 

FORMAT (1615) 

Explanat ion of v a r i a b l e s  : 

NREG 

N I N X  

N I N Y  

NINP 

NRATE 

KRATE 

JRATE 

Number of regions.  

Number of f i r s t -phase  flowing streams. 

Number of second-phase flowing streams. 

Number of f eed  streams i n  processing p l an t .  

Number of rate streams us ing  a scale f a c t o r  and a 

t a b l e  number. 

Number of rate streams descr ibed  by parameters of 

gas- l iquid contac t  f o r  gas  bubbled i n t o  tank. 

Number of rate streams propor t iona l  t o  t h e  f i r s t -  

phase flow rate ( these  are f l u o r i n a t o r s  descr ibed  by 

a percent  removal mechanism). 

Many of these  are used as limits f o r  implied do-loops f o r  i npu t  

descr ibed  below. 
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E. REGION (N) , VOLX (N) , VOLY (N) , XLIB (N) , NV (N) , NSTR(N) , IP (N) , NC (N) , 

REGA(N) , REGB(N) , EIN(N) , N = l ,  NREG 

FORMAT (A8,  2X, 3E10.0, 12 ,  13, 1 2 ,  23, A8,  2X, A8,  E12.0) 

Each of t hese  cards  desc r ibes  a region.  

Explanation of v a r i a b l e s  : 

Three are NREG cards .  

REGION N a m e  of reg ion ,  8 cha rac t e r s .  

VOLX Volume of t h e  f i r s t  phase,  cc. 

VOLY Volume of t he  second phase,  cc. 

X L I B  Parameter f o r  equi l ibr ium (e .g . ,  l i t h i u m  d i s t r i b u t i o n ,  

temperature).  

of va lences  NV.LT.0 impl ies  a co r rec t ion  i s  t o  be 

made t o  XLIB.  

Number of column app l i cab le  i n  t a b l e  

NSTR Number i n d i c a t i n g  t h e  type of equi l ibr ium.  

IP Controls  p r i n t o u t  on the  b a s i s  of b inary  r ep resen ta t ion .  

IP=O P r i n t i n g  inc ludes  both phases.  

IP=1 F i r s t  phase information s t o r e d  i n  l e f t  h a l f  

of l i n e .  

Second phase information s t o r e d  i n  l e f t  h a l f  

of l i n e .  

F i r s t  phase information s t o r e d  i n  r i g h t  ha l f  

of  l i n e .  

Second phase information s t o r e d  i n  r i g h t  h a l f  

of l i n e .  

IP=2 

IP=3 

IP=4 

P r i n t o u t  of a l i n e  occurs  when a reg ion  has IP=O o r  when two success ive  

reg ions  have IPSO. 

the  o t h e r  should have IP=3 o r  4. 

One of t h e s e  should have a va lue  of IP=1 o r  2 ,  and 

1 
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NC This v a r i a b l e  has  t h r e e  hexadecimal d i g i t s .  The 

I ts  b inary  f i r s t  d i g i t  has  a va lue  from 0 t o  3 .  

d i g i t s  i n d i c a t e  the  phases whose molar volumes m u s t  

be i t e r a t i v e l y  r eca l cu la t ed .  

0-00 Neither  molar volume i s  t o  be r eca l cu la t ed .  

1-01 

2-10 F i r s t  phase molar volume c a l c u l a t i o n s  only.  

3-11 Both phases r e q u i r e  molar volumes ca l cu la t ion .  

The next  two hexadecimal d i g i t s  are used t o  i d e n t i f y  

t h e  f i r s t  and second phases ,  r e spec t ive ly .  Even when 

molar volume c a l c u l a t i o n s  are n o t  made, t hese  can be 

used f o r  ass igning  the  assumed molar volumes. 

N a m e  of f i r s t  phase t o  be used i n  output ,  8 cha rac t e r s .  

Its va lues  are: 

Second phase molar volume c a l c u l a t i o n s  only.  

REGA 

REGB N a m e  of  second phase t o  be used i n  output ,  8 cha rac t e r s .  

E I N  The number of equ iva len t s  p e r  cubic  cent imeter  of t he  

materials considered assumed i n  t h e  second phase. If 

E I N  is negat ive ,  the number of equ iva len t s  per  cubic  

cent imeter  e n t e r i n g  i s  used. 

F. R I N T O ( I ) ,  INPUT(1) , COMP(1) , ICP(I ) ,  I=l, NINP 

FORMAT (A8,  2X,  110, E12.0, 13) 

Each card desc r ibes  an inpu t  of one nuc l ide  t o  a region.  Number 

of cards  i s  NINP. 

Explanation of v a r i a b l e s  : 

U N T O  N a m e  of reg ion  f e d ,  8 cha rac t e r s .  

INPUT Numeric name (6-digit  i d e n t i f i c a t i o n )  of t h e  nuc l ide .  

cow Feed rate of INPUT t o  RINTO, moles/sec.  
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ICP ICP.GT.0 i d e n t i f i e s  streams included i n  c a l c u l a t i o n  

of second phase i n l e t  equiva len t  dens i ty .  

G. NSET 

FORMAT (1615) (only one v a r i a b l e  r ead ) .  

NSET i s  t h e  number of cards  of type  H i s  NSET.GT.0. 

H. RDEF(1) , INDEF(1) , DCOMP(1) , I=1, NSET 

FORMAT ( A 8 ,  2X, 110, E12.0) 

These cards  l ist  t h e  p l aces  where c e r t a i n  concent ra t ions  are 

def ined.  

L i - B i  s o l u t i o n  i n  a supply tank of  t h a t  material .  

They might be bismuth i n  a bismuth supply tank o r  Q0.5 

RDEF Region name, 8 cha rac t e r s .  

INDEF Numerical name of nuc l ide .  

DCOMP The concent ra t ion  i n  moles/cc of nuc l ide  INDEF i n  

region RDEF. 

I. RXFROM(J), RXTO(J), XRATE(J), J=1, N I N X  

FORMAT ( A 8 ,  2X,  A 8 ,  E12.0) 

RXFROM Region name, 8 cha rac t e r s .  

RXTO Region name, 8 cha rac t e r s .  

XRATE Flow rate of material of t he  f i r s t  phase,  cc / sec ,  

from region  RXFROM t o  reg ion  RXTO. 

J. RXFROM(J), RYTO(J), YRATE(J), J=1, N I N Y  

FORMAT ( A 8 ,  2X, A 8 ,  E12.0) 

Var iab le  d e f i n i t i o n s  are analogous t o  v a r i a b l e s  read  as type I ,  

The ca rds  of types F ,  H ,  except t h a t  f lows are second-phase flow rates. 

I ,  and J ,  and some of t h e  cards  t h a t  fo l low r e q u i r e  t h e  i d e n t i f i c a t i o n  

of reg ions  by name. These are t h e  reg ions  named by cards  of type  E. 
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The names are compared f o r  exact  matches (spaces  count) .  When a name 

f o r  a stream d e s t i n a t i o n  ( type I, and J) is no t  i n  the  l i s t  of region 

names, the name i s  compared wi th  "DISCARD" ( l e f t  j u s t i f i e d ) .  I f  t h i s  

comparison i n d i c a t e s  a match, t h e  stream is assumed t o  be discarded.  

I f  t he  name does n o t  match, i t  i s  assumed t o  be discarded,  bu t  a message 

t o  t h i s  e f f e c t  i s  p r in t ed .  

is  made only when no success fu l  comparison i s  made t o  l i s t e d  region names. 

Thus, t he  key word can be a l e g i t i m a t e  region i f  t h e  use r  so d e s i r e s .  

Cards of type K, L,  and M are read only i f  WASTE # 0. 

Note t h a t  t h e  comparison wi th  t h i s  key word 

K. RWASTE(1W) , I W = l ,  WASTE 

FORMAT (10A8) 

RWASTE Names  of d e s t i n a t i o n  of streams t o  be s e n t  t o  

7 ORIGEN. 

L. FWASTE (IW) , I W = l ,  WASTE 

FORMAT (10F8.0) 

WASTE Mult iplying f a c t o r  t o  be used f o r  these streams. 

M. WASTE (IW), I W = l ,  NWASTE 

FORMAT (1018) 

KWASTE Used by OUT0 t o  make a d i s t i n c t i o n  between elements 

i n  t h e s e  streams. 

N. DET 

FORMAT (20A4) 

The va lue  read i s  no t  used. 

i n  t h e  inpu t  stream. 

0. Read only i f  I 1 . G T . O  

X I 0  (800 va lues )  

FORMAT ( 2 0 A 4 )  

This simply al lows a comment card 
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XI0 is  the  list of  concent ra t ions  punched from previous  programs. 

The format a l lows a very compact r ep resen ta t ion  of s i n g l e  pre- 

c i s i o n  numbers. One must ensure  t h a t  t he  f i r s t  number on the  

card does not  i d e n t i f y  the  card as an end-of-fi le o r  end-of- 

i n f o  mat ion  ind ica t ion .  

N e x t  is  read ( i f  I 1 . G T . O ) :  

DXIN (800 va lues )  

FORMAT (20A4) 

DXIN may be removal e f f i c i e n c i e s  o r  molar flow rates; t h e i r  

va lues  are examined for i n d i c a t i o n s  of which one they  r e p r e s e n t ,  

and the  o the r  i s  then ca l cu la t ed .  This  is  n o t  a fool-proof 

method of i d e n t i f i c a t i o n ,  however. 

I f  18.GT.0, t h e  program now reads  a d e s c r i p t i o n  of t h e  f lowsheet  i n  t h e  

format in which i t  can l a t e r  be punched. I n  add i t ion  t o  r ep lac ing  t h e  

va lues  i n  t h e  prev ious ly  def ined  v a r i a b l e s ,  i t  r ep laces  t h e  va lues  i n  

s e v e r a l  v a r i a b l e s  determined from these .  This  is  done t o  a l low t h e  use  

of t he  parameter va lues  a r r i v e d  a t  in previous runs  and thus  save recal- 

cu la t ion  by i t e r a t i o n s .  

P .  Read only i f  NRATE.GT.0 

RXNA(1) , RXNB(1) , SCFACT(1) , NPORM(I), I=1, NRATE 

FORMAT [ 2 ( A 8 ,  2 X ,  A 8 ,  E12.0, 15, 5x11 

Elements are assumed t o  go from t h e  reg ion  RXNA t o  t h e  region 

RXNB a t  a ra te  equal  t o  t h e  product of t h e i r  concent ra t ion ,  

the  va lue  of SCFACT, and the  va lue  l i s t e d  i n  t h e  rate t a b l e  

oppos i te  the  element symbol i n  column NFORM. I f  NFORM is 
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g r e a t e r  than 100, t h e  t a b l e  used is NFORM-100, but  t h e  t a b l e  

va lues  are changed t o  1 except  where t h e  va lue  i s  0.0. 

There are JRATE cards  of t h i s  type.  

REGL, REGG, ITH,  COMM 

FORMAT (A8,  2X, A 8 ,  2X,  15,  5X, 2 5 A 1 )  

Q. 

REGL Name of region a t  o r i g i n  of t h e  stream. 

REGG 

ITH Column number of rate cons tan t  t a b l e .  

COMM 25-character comment t o  appear i n  output  l i s t i n g .  

N a m e  of region a t  d e s t i n a t i o n  of t he  stream. 

Streams of t h i s  type  use  a s c a l e  f a c t o r  equal  t o  the  flow of  

material through REGL. 

R, There are KRATE cards  of t h i s  type. 

REGL, REGG, AKL, AB, A S ,  XG, XL, ITD, ITH, ITC 

'FORMAT (A8 ,2X, A 8 ,  2X, 5F10.7, 213, 12) 

REGL, REGG, ITH are defined as above. 

AKL Overall l i q u i d  phase m a s s  t r a n s f e r  c o e f f i c i e n t ,  

cm/ sec . 
2 AB Bubble area, an . 
2 AS Surface  area, cm . 

XG Thickness of s tagnant  gas  through which d i f f u s i o n  

occurs.  

Thickness of s tagnant  l i q u i d  through which d i f f u s i o n  XL 

occurs.  

Column number g iv ing  gas  phase d i f f u s i v i t i e s .  ITD 

I T C  Var iab le  c o n t r o l l i n g  inpu t .  I f  I T C  i s  n o t  0 ,  t he  

next  card w i l l  be an extens ion  of t h i s  card and 
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w i l l  r ep l ace  t h e  va lue  of t h e  comment wi th  the  

f i r s t  25 cha rac t e r s  on the  next  card.  

This  type of card produces t h r e e  rate streams which r ep resen t  m a s s  

t r a n s f e r  t o  and from t h e  gas  a t  t h e  bubbles and a t  t h e  s u r f a c e ,  and 

the t r a n s f e r  of n o n v o l a t i l e  nuc l ides  from t h e  gas t o  t h e  l i q u i d  a t  the  

su r f  ace. 

s. FMT (100 va lues ,  5 cards  r equ i r ed )  

FORMAT (20A4) 

IWT is i n  t h e  form of a format i n s t r u c t i o n  and i s  the  heading 

p r i n t e d  a t  t h e  top o f  t h e  t a b l e  of ra te  cons tan t  d a t a  read next .  

T. RDATA(I), I=1,800 

FORMAT ( 8 X ,  8E8.0) 

RDATA Contains t h e  d a t a  r e f e r r e d  t o  by column number 

by v a r i a b l e s  ITH, I T D ,  and "FORM. The d a t a  should 

be arranged on cards  so t h a t  cards  are i n  order  of 

atomic number (100 cards)  wi th  t h e  columns con- 

t a i n i n g  t h e  numbers descr ibed  previous ly .  

can be d i f f u s i v i t i e s ,  Henry's l a w  cons t an t s ,  

PR/(l-PR) (where PR i s  percent  removal),  o r  any 

o t h e r  cons t an t s  which might vary  with atomic 

number. 

These 

Af te r  t hese  cards  are r ead ,  input  i s  read by subrout ine  EQKN and 

subrout ine  VOLUME, r e spec t ive ly .  
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INPUT TO EQKN 

EQKN reads  a series of card p a i r s  from u n i t  50 t o  ass ign  va lues  t o  

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  throughout t h e  processing p l an t .  The 

ca rds  read contain:  

A. LZ, NS, NT, AN, A, B, ENAME 

FORMAT (13, 2 1 2 ,  8X, F2.0, lox, E 8 . 0 ,  2X,  E 8 . 0 ,  33X,  A2) 

B. LZ2, NS2, REF 

FORMAT (13, 1 2 ,  75A1) 

LZ = atomic number 

NS = number i d e n t i f y i n g  t h e  type of equi l ibr ium corresponds 

t o  NSTR i n  t h e  d e s c r i p t i o n  of regions.  

NT = i d e n t i f i e s  t h e  type of equat ion involved. 

0 End of i n p u t ,  r e t u r n  

1 loglo(D) = (AN) loglo XLIB + A+B/T (in K) 

2 D = A  

394  log(P) = A / ( 2 7 3 . 2  + XLIB) + B 

D D i s t r i b u t i o n  c o e f f i c i e n t  

X L I B  Constant read  with reg ion  desc r ip t ions  

P P a r t i a l  p re s su re  

AN, A, B = d a t a  

ENAME = elemental  symbol name f o r  ou tput  of equi l ibr ium 

LZ2, NS2 = no t  used 

REF = 75 character r e fe rence  f o r  d a t a  i n  t h e  f i r s t  card.  

Two s p e c i a l  f l a g s  are recognized. I f  t he  element atomic number i s  

102, t h e  va lue  of NT is  assumed t o  be  2. In add i t ion ,  a l l  elements are 
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assigned the  same d i s t r i b u t i o n  constant  f o r  t he  d i s t r i b u t i o n  type NS. 

This  ove r r ides  previous i n p u t ,  bu t  i t  is assumed t h a t  except ions follow. 

This  device g r e a t l y  reduces t h e  amount of i npu t .  I f  t h e  atomic number 

LZ is 101, no d a t a  are taken from the  cards ,  bu t  t h e  v a r i a b l e  REF i s  

assumed t o  be a page heading f o r  t h i s  type of equi l ibr ium.  

output t abu la t ion ,  i t  is  assumed t h a t  a l l  cards  spec i fy ing  a p a r t i c u l a r  

type of equi l ibr ium are toge ther  and t h a t  t hese  are separa ted  by t i t l e  

changes. 

For proper  

The program p r i n t s  t h e  form of t h e  equat ion i n  the output  t a b l e .  

The space allowed between cons tan ts  on inpu t  cards  may be used t o  type 

t h e  equat ion  t h a t  will be used. 

INPUT TO VOLUME 

A l l  i npu t  t o  VOLUME is  read  from u n i t  2 and is used t o  make estimates 

of molar volumes and a t a b l e  of va lences .  

A. 

B. 

NTA, NTB 

FORMAT (3212) 

Each v a r i a b l e  has  16  elements corresponding t o  t h e  va lue  of 

t he  second and t h i r d  hexadecimal d i g i t  of NC,  which corresponds 

t o  reg ions  and i d e n t i f i e s  t h e  phases p re sen t .  The values 

i d e n t i f y  t h e  column numbers i n  VOLC. 

VOLC 

FORMAT (8X, 8E8.0) 

Eight  hundred va lues  are r ead ,  corresponding t o  8 va lues  each 

(1 card)  f o r  t he  elements i n  inc reas ing  o rde r  of atomic number. 

A l i s t i n g  g ives  8 columns, which correspond t o  phases ,  and 100 
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rows, which correspond t o  elements. VOLC conta ins  t h e  con t r i -  

bu t ion  of t he  elements t o  t h e  molar volume of each of t h e  phases.  

c. VAL 

FORMAT (8X, 8E8,O) 

VAL has  800 va lues  arranged s i m i l a r l y  t o  VOLC. The va lues  of 

VAL are va lences  f o r  u se  i n  con tac to r s ,  w i th  columns being 

r e f e r r e d  t o  by the  v a r i a b l e  NV. 
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APPENDIX C: OUTPUT 

Output Produced by MATADOR and i t s  Subrout ines  

A. Output from AMATRX: 

(1) Nuclear Library  

(2) Summary of f i s s i o n  y i e l d s  

The f i s s i o n  y i e l d s  are summarized by mass cha ins  i n  two groups,  

and cumulative t o t a l s  are given a f t e r  each group f o r  p a r t i c l e  and mass 

y i e l d s  as ind ica t ed  by t h e  nuc lea r  l i b r a r y .  

B. Output from MATADOR on t h e  f i r s t  ca l l :  

MATADOR produces a list of t h e  inpu t  v a r i a b l e s .  

C. Output from CHEMPL on t h e  f i r s t  c a l l :  

CHEMPL produces an element-by-element t a b l e  of removal times us ing  

t h e  s t a r t i n g  e f f i c i e n c i e s ,  the removal time given by NTLME, and t h e  u n i t s  

given by PUNIT. 

and PUNIT wi th  the  v a r i a b l e  TIME i n  u n i t s  of seconds. 

D. 

The use r  is respons ib le  f o r  ensur ing  agreement of NTIME 

Output from RESULT produced each time RESULT i s  c a l l e d :  

(1) A t a b l e  is  produced t h a t  l ists the  concent ra t ion  f o r  each 

nuc l ide  i n  moles p e r  cubic  cent imeter  and atom f r a c t i o n ,  its 

con t r ibu t ion  t o  poisoning,  i t s  inventory i n  c u r i e s ,  i t s  con- 

t r i b u t i o n  t o  t h e  power d e n s i t y ,  t h e  f r a c t i o n  of that power 

produced as gamma h e a t ,  i t s  chemical processing rate, and i t s  

mole f r a c t i o n  i n  the  i n l e t  stream as determined by the  proces- 

s i n g  p l a n t  code. 

This  t a b l e  is followed by a list of ca l cu la t ed  va lues  which 

i n d i c a t e  r e a c t o r  performance. 

(2) 
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(3) This information i s  summarized f o r  t he  25 g r e a t e s t  va lues  under 

most of t he  headings i n  the  f i r s t  t a b l e ;  another  t a b l e  is  given 

provid ing  t o t a l s  f o r  each stream. 

( 4 )  A summary is presented  t h a t  compares thorium burnup rate with 

t h e  weight of f i s s i o n  products  and a c t i n i d e s  removed. 

A summary t a b l e  i s  given t h a t  l i s ts  t h e  t o t a l  rate of chemical 

processing f o r  each element. 

(5) 

( 6 )  A no te  is  included on the  number of ca l l s  t o  MATADOR. (This 

i s  only accu ra t e  i f  KEE is  c a l l e d  every time a pass  is  made 

through MATADOR. ) 

Output from t h e  Processing P l a n t  Program 

P r i n t e d  Output 

The output  begins  wi th  output  obtained by the f i r s t  c a l l  t o  MATADOR. 

Tables  appear t h a t  desc r ibe  The program then p r i n t s  the inpu t  v a r i a b l e s .  

a l l  r eg ions ,  l i s t - f e e d  streams and s p e c i f i e d  concent ra t ions ,  desc r ibe  

flowing streams i n  each phase and streams def ined  by rate c o e f f i c i e n t s ,  

i n d i c a t e  express ions  f o r  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 compute a d d i t i v e  

molar volumes and va lences .  

A number of in te rmedia te  ca l cu la t ed  r e s u l t s  are p r i n t e d  t o  monitor 

t he  progress  of t he  ca l cu la t ions .  

of t he  50 nuc l ides  wi th  the  g r e a t e s t  relative change i n  concent ra t ion  

r e tu rn ing  t o  t h e  r e a c t o r ,  and t h e  concent ra t ions  and t h e  relative 

changes. Upon convergence, t h i s  l ist  is  p r i n t e d  f o r  a l l  nuc l ides .  

The l i t h ium d i s t r i b u t i o n  X L I B  ca l cu la t ed  by VOLUME i s  a l s o  p r i n t e d  

between i t e r a t i o n s ,  w i th  t h e  change i n  equiva len t  dens i ty  e n t e r i n g  

Between i t e r a t i o n s ,  t h e r e  i s  a l ist  
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each s t a g e  f o r  which the  d i s t r i b u t i o n  c o e f f i c i e n t s  are r eca l cu la t ed .  

A s  a means of monitor ing t h e  progress  of c a l c u l a t i o n s ,  t h e  t i m e  i n  

hundredths of a second is  p r i n t e d  a t  va r ious  p o i n t s  i n  the ca l cu la t ion .  

When the  t i m e  l i m i t  o r  convergence c r i t e r i o n  i s  m e t ,  another  c a l l  

is  made t o  RESULT t o  obta in  output  summarizing the r e a c t o r  ca l cu la t ions .  

A p a r t i a l  l i s t i n g  of t h e  f lowsheet  d e s c r i p t i o n  is  made which r e f l e c t s  

t he  new flow rates used. A t a b l e ,  whose heading g ives  the  h a l f - l i f e  

and removal t i m e  of the  nuc l ide ,  is  included f o r  each nuc l ide  i n  t h e  

l i b r a r y .  The t a b l e  lists t h e  concent ra t ion  (moles/cc) , t he  inventory  

( i n  moles and i n  c u r i e s ) ,  and the  t o t a l  f low ra te  ( i n  moles/day) of t h e  

nuc l ide  i n  each phase of each region in the  process ing  p l a n t .  The t a b l e s  

are shortened by t h e  combining of one-phase reg ions  as ind ica t ed  by t h e  

i n p u t  v a r i a b l e ,  I P .  Each of these  t a b l e s  is  followed by a l i s t  of a l l  

d i sca rd  rates i n  moles p e r  day, and a l ist  of f low rates i n  moles p e r  

day i n  a l l  streams which do n o t  r ep resen t  t h e  t o t a l  f low of one phase 

out  of  a region.  I n  a l l  of t hese ,  t h e  reg ions  and phases are i d e n t i f i e d  

by t h e i r  names. 

t h e  same l i n e ,  as s p e c i f i e d  by I P ,  t h e  reg ion  name of the f i r s t  of t h e  

two regions in the  inpu t  i s  used t o  apply t o  both.  

i n  a summary t a b l e  f o r  each element i n  which t h e  t o t a l s  are given f o r  t h e  

va lues  in t h e  previous t a b l e s .  

t he  t o t a l s  f o r  a l l  materials. 

When two reg ions  each have one phase t o  be  l i s t e d  on 

This  ou tput  i s  repeated 

These t a b l e s  are followed by a t a b l e  g iv ing  

This  series i s  followed by a series of t a b l e s  which g ive  heat genera- 

t i o n  rates i n  each phase of each region.  

w i th  t h e  h ighes t  hea t  genera t ion  rate at t h a t  p o i n t  in t h e  f lowsheet  are 

l i s t e d  along wi th  t h e i r  con t r ibu t ion  t o  t o t a l  heat genera t ion  rate,  gamma 

For each t a b l e ,  the 50 nuc l ides  

- 
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h e a t  genera t ion  rate, and b e t a  h e a t  genera t ion  rate. 

given as t o t a l  power i n  megawatts, and as power d e n s i t y  of k i l o w a t t s  p e r  

l i ter .  These are t o t a l e d  f o r  a l l  nuc l ides ,  and an a d i a b a t i c  temperature 

rise i n  'C p e r  minute is pr in t ed .  

Each of t hese  is 

I n  a d d i t i o n  t o  p r i n t e d  output ,  the program prepares  punched output  

which inc ludes  r e a c t o r  concent ra t ions  and processing p l a n t  removal t i m e s  

f o r  a l l  nuc l ides ,  and a d e s c r i p t i o n  of the flowsheet.  T h i s  ou tput ,  i f  

reques ted  by p o s i t i v e  va lues  f o r  t h e  input  v a r i a b l e s  I 2  and 16 ,  can be 

used later t o  e s s e n t i a l l y  cont inue t h e  c a l c u l a t i o n s  from t h e  p o i n t  a t  

which output  was obtained.  The r e a c t o r  concent ra t ions  and processing 

p l a n t  removal t i m e s  can a l s o  be used t o  e l imina te  many of t h e  i t e r a t i o n s  

requi red  when a flowsheet with similar performance i s  used. 

Output t o  be Used by ORIGEN 

7 A copy of ORIGEN w a s  ob ta ined ,  and modi f ica t ions  w e r e  made t o  allow 

t h e  p r i n t i n g  of only those  t a b l e s  s p e c i f i e d  by i n p u t  v a r i a b l e s ,  t o  a l low 

input formats to be used which r e q u i r e  flow rates i n  a form convenient 

f o r  ou tpu t  by t h e  process ing  p l a n t  code, and t o  a l low i n p u t  t o  be read  

from a source  o t h e r  than the card  r eade r ,  Output i n  t h i s  form descr ib ing  

a series of streams is  produced on u n i t  28 f o r  la ter  inpu t  t o  ORIGEN. 

I n  a l l  programs used t o  d a t e ,  t h i s  ou tput  w a s  w r i t t e n  on a d i s c  f i l e  

read  by ORIGEN i n  a second job  s t e p .  

The first streams included are s p e c i f i e d  by the inpu t  v a r i a b l e s  

WASTE, RWASTE, FWASTE, and KWASTE. 

v a r i a b l e  RWASTE(1W) g ives  t h e  name of t h e  d e s t i n a t i o n  of all streams t h a t  

are included.  Streams t h a t  are d iscarded  may be s e n t  t o  a nonexis ten t  

For  output  stream I W  ENWASTE), t h e  
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region name i n  t h e  l i s t  of waste regions.  The included streams are 

f u r t h e r  decreased by the  use of KWASTE(1W) t o  s p e c i f y  the  phase as fo l lows:  

MJASTE'LT'O only f i r s t -phase  streams are considered,  

KWASTE*EQ*O streams from e i t h e r  phase are considered,  

KWASTE'GT'O only second-phase streams are considered. 

The molar flows of streams meeting t h e s e  requirements are added and 

mul t ip l i ed  by ABS[FWASTE(IW)] before  being sent t o  ORIGEN and included 

i n  the  t o t a l ,  For  t h e  s p e c i a l  case of KWASTE(IW)*NE*O, and FWASTE(1W) 

between -0.001 and 0.0, t h e  va lue  of FWASTE(1W) i s  0.001 when consider ing 

i so topes  of neptunium. Streams are then output  which r ep resen t  5 l i ters  

of s a l t  s t i c k i n g  t o  the  g raph i t e  divided by t h e  number of days i n  4 years, 

t hese  r ep resen t  d a i l y  d i sca rd  rates of noble  metals from t h e  r e a c t o r  core ,  

noble  gases  from the  sal t  d r a i n  tank ,  and noble  m e t a l s  from o u t s i d e  t h e  

r e a c t o r  core.  All of these ,  except  the  sa l t  s t i c k i n g  t o  t h e  g r a p h i t e ,  

are added t o  the  flow output  streams wi th  FWASTE(IW)*GT'O; t h e  t o t a l  i s  

output  t o  r ep resen t  t o t a l  d a i l y  waste o t h e r  than g raph i t e  removal. 

F i n a l l y ,  t h e  d a i l y  rate of depos i t i on  of materials on the g raph i t e  i s  

output  as a stream t h a t  ORIGEN will assume is i r r a d i a t e d  f o r  4 years, 

V 



65 

ORNL/TM-4210 
D i s t .  Category UC-76 

INTERNAL DISTRIBUTION 

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

10. 
11. 
1 2 .  
13. 
14. 
15. 
16. 
17. 
18. 
19.  
20. 
21. 
22. 
23. 
24. 
25. 

26-27. 
28. 

29-43. 
44. 
45 
46. 
47. 

MSRP D i r e c t o r ' s  Of f i ce  
C.  E. Bamberger 
M. Bender 
R. E. Brooksbank 
C. H. Brown, Jr. 
W. D. Burch 
W. L. Carter 
H. D.  Cochran, Jr. 
R. M. Counce 
F. L. Cu l l e r  
J. M. Dale 
F. L. Daley 
J. R. DiStefano 

J. R. Engel 
G. G. Fee 
D. E. Ferguson 
L. M. F e r r i s  
A.  T. Gresky 
W. R. G r i m e s  
W. S .  Groenier 
R. H. Guymon 
B. A. Hannaford 
R. F. Hibbs 
J. R. Hightower, Jr. 
V.  A. Jacobs 
C. W. Kee 
0. L. Keller 
A. D. Kelmers 
H. T. Kerr 
J.  A. Lenhard, ERDA-OR0 

R. L. E g l i ,  ERDA-OR0 

48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71 .  
72. 
73. 
74. 
75. 

76-77. 
78. 

79-81. 
82.  

H. G. MacPherson, UT 
R. E. MacPherson 
A. P. Malinauskas 
C. L. Matthews, ERDA-OR0 
G. T .  Mays 
H. E. McCoy 
T. W. P i c k e l  
H. Postma 
M. W. Rosenthal 
H. C. Savage 
C.  D. S c o t t  
J. T. Shannon 
M. J. Skinner 
F. J. Smith 
J .  W. Sn ider  
I. Spiewak 
M. G. S t e w a r t  
D. B. Trauger 
D. Y.  Valen t ine  
J. W. Wachter 
J .  S.  Watson 
A. M. Weinberg, ORAU 
J. R. Weir 
M. E.  Whatley 
J. C. White 
M. K. Wilkinson 
R. G. Wymer 
E. L. Youngblood 
C e n t r a l  Research L ib ra ry  (2)  
Document Reference Sec t ion  
Laboratory Records (3) 
Laboratory Records (LRD-RC) 



66 
'I 

CONSULTANTS AND SUBCONTRACTORS 

83. J. C.  Frye 
84.  C. H. Ice 
85. E. A. Mason 
86. W. K. Davis 
87. R. B. Richards 

EXTERNAL DISTRIBUTION 

88. Research and Technical  Support Div is ion ,  ERDA, Oak Ridge 
Operations Off ice ,  P. 0. Box E ,  Oak Ridge, Tenn. 37830 

89. D i rec to r ,  Reactor Div is ion ,  ERDA, Oak Ridge Operat ions 
Of f i ce ,  P. 0. Box E ,  Oak Ridge, Tenn. 37830 

Washington, D.C. 20545 

S a l t  Reactor Technology 

90-91. D i rec to r ,  ERDA Divis ion  of Reactor Research and Development, 

92-195. For d i s t r i b u t i o n  as shown i n  TID-4500 under UC-76, Molten 


	HELP: 
	home: 


