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2DB USER'S MANUAL 

W. W. L i t t l e ,  J r .  and R. W .  Hard ie  

ABSTRACT 

2DB i s  a two-dimensional ( X - Y ,  R-Z, R-0) , mu1 t i g r o u p  d i f f u s i o n  code 

f o r  use i n  f a s t  r e a c t o r  c r i t i c a l i t y  and burnup ana l ys i s .  The code can be 

used t o :  

Compute keff  and per fo rm c r i t i c a l i t y  searches on buck l ing ,  

ti me abso rp t i on  (a) , r e a c t o r  composit ion, and r e a c t o r  

dimensions by means o f  e i  t h e r  a f l u x  o r  an a d j o i n t  model 

Compute m a t e r i a l  burnup. 

A1 1 programming i s  i n  FORTRAN-IV. S ince v a r i a b l e  d imension ing i s  

employed, no simp1 e res  tri c t i  ons on problem complex i t y  can be s ta ted .  

However, i n  a 65K memory, t h e  c u r r e n t  ve rs i on  i s  nomina l l y  r e s t r i c t e d  t o  

50 energy groups. Running t ime ( f o r  a keff  c a l c u l a t i o n )  on a UNIVAC 1108 

i s  about 1 minute f o r  a 30 x 30 mesh problem us ing  4 energy groups. 
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1  

2DB USER'S  MANUAL 

W. W. L i t t l e ,  J r .  and R. W. Hard ie  

I. INTRODUCTION 

A  number o f  s i g n i f i c a n t  a d d i t i o n s  and a1 t e r a t i o n s  have been made i n  

t h e  2DB d i f f us i on -bu rnup  code s i n c e  i t  was f i r s t  publ ished.  ( l y 2 )  Th is  r e p o r t  

g ives  a  complete d e s c r i p t i o n  o f  t h e  code i n c l u d i n g  a1 1  m o d i f i c a t i o n s .  A  

d e s c r i p t i o n  o f  t h e  niathematical model i s  g i ven  i n  t h e  body o f  t h e  r e p o r t ;  a  

sample problem, i n p u t  i n s t r u c t i o n s ,  and a  FORTRAN-IV source deck l i s t i n g  a re  

i n c l  uded i n  t h e  appendi ces . 
2DB i s  designed e x p l i c i t l y  f o r  use i n  f a s t  r e a c t o r  ana l ys i s .  Eigen- 

values a r e  computed by s tandard s o u r c e - i t e r a t i o n  techniques. Group 

reba l  anc i  ng and success ive over- re1 a x a t i  on wi t h  1  i n e  i n v e r s i o n  a r e  used t o  

acce le ra te  convergence. A d j o i n t  s o l u t i o n s  a re  ob ta ined  by i n v e r t i n g  t h e  

i n p u t  da ta  and r e d e f i n i n g  t h e  source terms. 

Va r i ab le  dimensl'oning i s  used t o  make niaximum use o f  t h e  a v a i l a b l e  

f a s t  memory. S ince o n l y  one energy group i s  i n  t h e  f a s t  memory a t  any 

g iven  t ime,  t h e  s to rage  requirements a re  i n s e n s i t i v e  t o  t h e  number o f  energy 

groups. 

C r i  ti ca l  i ty searches can be performed on buck1 i ng, t in ie  absorp t ion ,  

m a t e r i a l  concen t ra t ions ,  and r e g i o n  dimensions. Alpha and keff can be used 

as paraniet r i  c  e i  genval ues . C r i t i c a l  i ty searches can be performed d u r i n g  

burnup t o  compensate f o r  f u e l  dep le t i on .  



The fo rmat  o f  t h e  i n p u t  da ta  (e.g., c ross sec t ions ,  f l u x  dumps, 

geometry and composi t i o n  s p e c i f i c a t i o n s )  i s  compati b l e  w i t h  t h e  Los Alamos 

one and two-dimensional  t r a n s p o r t  codes DTF-IV(~) and ~ D F , ( ~ )  and t h e  

Ba t t e l l e -No r thwes t  p e r t u r b a t i o n  code PERT-IV. ( 5 )  A l l  f o u r  codes use t h e  

same i n p u t  module. The l o g i c a l  f l o w  o f  2DB i s  pa t t e rned  a f t e r  t h e  2DF 

code. I n  f a c t ,  many subrou t ines  o f  these two codes a re  a lmost  i d e n t i c a l .  



11. FORMULATION OF DIFFERENCE EQUATIONS 

Neutron Balance Equat i  ons 

The mu l t i g roup  d i f f u s i o n  equat ions can be w r i t t e n  i n  t h e  form 

where 

and: 

number o f  energy groups, 

energy group index,  

f l u x  i n  group g, 

source i n  group g, 

d i f f u s i o n  cons tan t  f o r  group g ( =  113 ztr) ,  
9 

f i s s i o n  source cross s e c t i o n  f o r  group g, 

group t r a n s f e r  cross s e c t i o n  f rom g' t o  g, 

removal cross s e c t i o n  f o r  group g 

[= ca  + T z(g+g'),, 
g gP=g+1 

Xg 
= f i s s i o n  source f r a c t i o n  i n  group g, 

k e f f  
= e f f e c t i v e  mu1 t i p 1  i c a t i o n  constant .  

The o n l y  major  choice i n  s e t t i n g  up t he  d i f f e r e n c e  equat ions i s  t h e  

p l a c i n g  o f  t h e  mesh p o i n t  r e l a t i v e  t o  t h e  mesh boundaries ( i  .e., on t h e  mesh 



boundary o r  i n  t h e  i n t e r i o r  o f  t h e  mesh). We have chosen t o  p l ace  t h e  mesh 

p o i n t  i n  t he  c e n t e r  o f  t h e  homogeneous mesh i n t e r v a l  (see F igu re  2.1). 

Th i s  cho ice  leads t o  a  more c lean-cu t  c a l c u l a t i o n  and i n t e r p r e t a t i o n  o f  a1 1  

r e a c t i  on r a t e s .  

The s p a t i  a1 d i  f f e r e n c e  equat ions a re  ob ta ined  by i n t e g r a t i n g  Equa- 

t i o n s  (2.  l )  and (2.2) over  t h e  volume assoc ia ted  w i t h  each mesh p o i n t .  For 

t h e  ( i  , j )  mesh p o i n t  shown i n  F igure  2.1, t h e  r a d i a l  i n t e g r a t i o n  would be 
6 Ri 6 Ri 

from (Ri - ) t o  (Ri + ?-), and t h e  a x i  a1 i n t e g r a t i o n  would be f rom 

6Z. 6.2 
(Z j  - ) t o  ( Z .  + +). 

J 

The leakage terms a re  ob ta ined  by f i r s t  t rans fo rming  t h e  volume i n t e g r a l  

over  t h e  Lap lac ian  t o  a  su r f ace  i n t e g r a l  us i ng  Green's theorem, 

The f l u x  g rad ien t s  a t  t he  mesh boundary a re  ob ta ined  by i n t e r p o l a t i n g  t h e  two 

cont iguous f l u x  va lues.  Thus, volume i n t e g r a t i o n  o f  Equat ion (2.1) f o r  mesh 

p o i n t  o  (see F igu re  2.1) leads t o  t h e  express ion 

where, f o r  s i m p l i c i t y  , t h e  group i n d i c e s  have been omi t ted ,  and: 

= removal c ross  s e c t i o n  assoc ia ted  w i t h  mesh p o i n t  o, 
Co 

0 
= source r a t e  assoc ia ted  w i t h  mesh p o i n t  o, 

Vo = volume assoc ia ted  w i t h  mesh p o i n t  o, 

mk = f l u x  assoc ia ted  w i t h  mesh p o i n t  k ,  



ak = 
d i s t ance  between mesh p o i n t  k  and mesh p o i n t  o, 

Ak 
= area o f  boundary between mesh p o i n t  k  and mesh 

p o i n t  o, 

Dk = e f f e c t i v e  d i f f u s i o n  cons tan t  between mesh p o i n t  k  

and mesh p o i n t  o  Do Dk(6Ro f 6Rk) 

( = Do 6Rk f Dk 6Ro 1 - 
F i n a l l y ,  Equat ion (2.4) can be r e c a s t  i n t o  a  form more convenient  f o r  

pe r f o rm ing  f l u x  i t e r a t i o n s  . That  i s ,  

4  

where 

and 



Discuss ion o f  Boundary Condi ti ons 

-+ 
Three boundary condi ti ons a re  avai  1  ab le  i n 2DB : v q  = 0, q = 0, and 

p e r i o d i c ,  These a re  descr ibed  below u s i n g  a  s l i g h t  m o d i f i c a t i o n  t o  t h e  

nomenclature developed i n  t he  f o rego i  ng sec t i ons  . 

Zero Flux Gradient 

Consider t h e  l e f t  hand boundary o f  t h e  one-dimensional r e a c t o r  shown i n  

F ig .  2.2. L e t  us now iniagi ne t h a t  a  pseudo mesh i n t e r v a l  , i n t e r v a l  o  , has 

been added on t h e  l e f t  hand s i d e  o f  t he  boundary w i t h  t h e  same composi t ion 

and th ickness  o f  i n t e r v a l  1. C l e a r l y ,  then, i f  5 = 0  a t  t h e  boundary, 

mo z 4,. Therefore,  s i n c e  (@,-ml ) vanishes, the  c o e f f i c i e n t  o f  o0-ml , Cl 

(see Eq. ( 2 . 4 ) ) ,  i s  immater ia l - -hence C1 can be s e t  equal t o  zero. The 

c a l c u l a t i o n  i s  performed assuming t h a t  m o  does n o t  e x i s t  and C1 = 0.  

Zero Flux 

Again, imagine t h a t  a pseudo mesh i n t e r v a l  w i t h  t h e  sanie composi t ion as 

i n t e r v a l  I M  has been added t o  t h e  r i g h t  hand s i d e  o f  t h e  r i g h t  boundary. Now, 

s i nce  mIM f 0 and = 0, t h e  c o e f f i c i e n t  o f  ()IM-41M+l) i n  Eq, (2 .4)  

cannot be d isregarded,  I n  f a c t ,  f rom Eq. ( 2 . 7 ) ,  i t  i s  c l e a r  t h a t  

where htr i s  assumed t o  equal l / z t r .  



Note, as i n  t h e  = 0 case, t h a t  t h e r e  i s  no c o n t r i b u t i o n  o f  t h e  

pseudo f l u x  i n  Eq.  (2 .6) .  F o r  a  ze ro  f l u x  g r a d i e n t ,  CK = 0; whereas f o r  a  

z e r o  f l u x ,  mK = 0. 

Periodic Flux 

P e r i o d i c  boundary c o n d i t i o n s  a r e  a v a i l a b l e  f o r  t h e  t o p  and bo t tom 

boundar ies .  I n  t h i s  o p t i o n ,  

and 

I t s h o u l d  be s t r e s s e d  t h a t  t h e  pseudo mesh i n t e r v a l s  d i scussed  above 

a r e  n o t  i n  any way a  p a r t  o f  t h e  code. They a r e  ment ioned he re  o n l y  f o r  

h e u r i  s t i  c  purposes.  

F ig .  2.2. Schematic Diagram o f  1-D Reactor  



111. SOLUTION OF DIFFERENCE EQUATIONS 

The e igenvalue and f l u x  p r o f i l e s  a re  computed by s tandard  source- 

i t e r a t i o n  techniques, i ,e., by us ing  an i n i t i a l  f i s s i o n  source d i s t r i b u t i o n ,  . . 
t he  f l u x  p r o f i  l e s  i n  each group a re  sequent i  a1 l y  computed beg inn ing  i n  t he  t o p  

( h i g h e s t  energy) group, A f t e r  t h e  new f l u x e s  i n  a l l  groups have been ca lcu-  

l a t e d ,  a  new f i s s i o n  source d i s t r i b u t i o n  i s  computed f rom the  new f l u x  

p r o f i l e s ,  The m u l t i p l i c a t i o n  r a t i o ,  A ,  i s  then  ob ta ined  by s imp ly  t a k i n g  t he  

r a t i o  o f  t he  new f i s s i o n  source r a t e  t o  t h e  o l d  (p rev ious  i t e r a t i o n )  f i s s i o n  

source r a t e .  The above sequence o f  events  i s  c a l l e d  an o u t e r  i t e r a t i o n .  

Before each new o u t e r  i t e r a t i o n ,  t h e  f i s s i o n  spectrum i s  mu1 t i p l i e d  

by l / ~ ,  so t h a t  x approaches u n i t y  as t h e  i t e r a t i o n  proceeds. The e f f e c t i v e  

m u l t i p l i c a t i o n  cons tan t  i s  s imp l y  t he  p roduc t  o f  t he  success ive A ' S .  Con- 

vergence i s  assumed when 11-1 ( < E, where E i s  an i n p u t  parameter. 

F i s s i o n  source o v e r - r e l a x a t i  on i s  employed i n  2DB t o  acce le ra te  conver- 

gence. The procedure i s  as f o l l o w s  : A f t e r  t he  new f i s s i o n  source r a t e  

p r o f i l e ,  FY*' ,  i s  ca l cu la ted ,  a  second "new" va lue,  F;*' , i s  computed by 

magn i fy ing  the  d i f f e r e n c e  between the  new f i s s i o n  source r a t e  and t h e  o l d  

f i s s i o n  source r a t e *  Thus, 

where i s  t he  f i s s i o n  source o v e r - r e l a x a t i o n  f a c t o r .  F;+' i s  then  

normal i z e d  t o  g i  ve t h e  same t o t a l  source as F;". 

The g r o u p - f l  uxes a re  computed us ing  successive l i n e  o v e r - r e l a x a t i  on (SLOR) . 
That  i s ,  t h e  f l u x e s  on each v e r t i c a l  ( o r  h o r i z o n t a l )  l i n e  a re  sl"multaneous1y 



coniputed (by the fami l i  a r  Crout reduction technique) and then over-relaxed 

using the algorithm 

where B i s  the over-relaxation factor.  In R-e problems or problems involving 

peri odic boundary condi t i  ons , di rect  i nversi on i s performed on verti cal 1 i nes 

beginning a t  the l e f t  boundary and proceeding by column to the right boundary. 

In a l l  other s i tuat ions,  direct  inversion i s  used along the dimension with 

the most mesh points. One mesh sweep i s  defined as one inner i te ra t ion .  

The flux over-relaxation factor,  B ,  i s  an input parameter. The code 

automatically reduces 8-1 by a factor of 1 .1  when the neutron balance i s  

within a factor of 10 of the fission source error  criterion. The fission 

source over-relaxation factor ,  B', i s  computed internally from the ad hoc 

expressi on 

B' = 1-0  + . 6 ( ~ - 1 )  . (3.3) 

As in the original version of Z D B ,  the flux in each group i s  norma- 

lized (by balancing the total  source and loss r a t e )  immediately before each 

group-fl ux calculation. Thus, a one-regi on problem with zero-gradient 

boundary conditions would be solved exactly in one outer i terat ion.  

Parenthetical ly ,  i t  should be mentioned tha t  an a1 ternating direction 

S L O R  scheme (using l ine  inversion for  rows and then columns in a1 ternation) 

has been t r i ed ,  b u t  i s  not included in the current version of 2 D B  since 

no gain in convergence rate was realized. 



I V .  SEARCH OPTIONS 

The 2DB code computes imp1 i c i  t e igenva l  ue searches on t ime  absorp t ion ,  

m a t e r i a l  composit ion, zone th ickness ,  and m a t e r i a l  buck l i ng .  I n  c o n t r a s t  

t o  a  keff  c a l c u l a t i o n ,  t h e  f i s s i o n  spectrum i s  n o t  m u l t i p l i e d  by l / x  a f t e r  

each o u t e r  i t e r a t i o n .  Ins tead ,  a f t e r  a  converged x has been ob ta ined  

( I PI - x V I  < E * )  by a  sequence o f  o u t e r  i t e r a t i o n s ,  t he  d e s i r e d  parameter 

i s  per tu rbed  t o  make x approach u n i t y .  That  i s ,  f i r s t  a  converged A i s  c a l -  

c u l a t e d  f o r  t h e  i n i t i a l  system. The system i s  then a l t e r e d  by t h e  amount 

s p e c i f i e d  i n  t h e  i n p u t  ( t h e  e igenvalue m o d i f i e r )  and a  second converged x 

i s  ca l cu la ted .  Subsequent parameter changes a r e  determined us ing  e i t h e r  

1  i near o r  p a r a b o l i c  i n t e r p o l  a t i o n  procedures. The i t e r a t i o n  i s con t inued  

u n t i l  I l - ~ l  < E. 

Time Absorp t ion  ( a  c a l c u l a t i o n )  

For simp1 i c i  ty, l e t  us cons ider  t h e  one-group, t ime  dependent d i f f u s i o n  

equat ion  

I f  we now assume t h a t  

$ ( f , t )  = $(;)eat . 

we can obv ious l y  r e w r i t e  Equat ion (4.1 ) i n  t he  form 

I n  a  t ime  abso rp t i on  c a l c u l a t i o n ,  t h e  parameter a, as de f i ned  and 

used i n  Equat ions ( 4 - 2 )  and (4 .3)  , i s  computed as t he  e igenvalue.  Note t h a t  



a/v i s  e f f e c t i v e l y  an abso rp t i on  cross sect ion--hence t he  name " t ime  

abso rp t i  on. " 

M a t e r i a l  Concentrat ion ( C  c a l c u l a t i o n )  

2DB can per fo rm an ext remely  f l e x i b l e  and comprehensive c r i t i c a l  i ty 

search on m a t e r i a l  composit ion. Any number of m a t e r i a l s  can s imu l taneous ly  

be added, depleted, o r  in terchanged i n  any number o f  zones, 

The format  f o r  s p e c i f y i n g  concen t ra t i on  searches can b e s t  be descr ibed  

by a  s imp le  example. L e t  us suppose t h a t  a  zone m ix tu re ,  say Mix 10, i s  t o  

be composed o f  M a t e r i a l s  2  and 4. L e t  us f u r t h e r  assume t h a t  P la te r ia l  2, 

w i t h  an i n i t i a l  d e n s i t y  o f  0.02, s h a l l  be v a r i e d  t o  o b t a i n  c r i t i c a l i t y ,  and 

M a t e r i a l  4 s h a l l  have a  f i x e d  dens i t y  o f  0.04 (atoms/barn-cm). 

The 10, 11, and I 2  vec to rs  would then be s e t  up as shown i n  the  

f o l  l ow ing  tabu1 a t i o n .  

Mix Number (10) M a t e r i a l  Number ( I 1  ) Dens i ty  (12) 

10 0  0  

10 2 0.02 

10 10 0  

10 4  0.04 

The f i r s t  row (10,0,0) i n s t r u c t s  t h e  code t o  c l e a r  a  s to rage  area 

f o r  Mix 10, The second row (10,2,0.02) causes M a t e r i a l  2  t o  be added t o  

Mix 10 w i t h  a  d e n s i t y  o f  0.02. The t h i r d  row (10,10,0) causes t h e  c u r r e n t  

contents  o f  Mix 10 t o  be mu1 t i p l i e d  by t h e  e igenvalue.  F i n a l l y ,  t h e  l a s t  

row (10,4,0.04) i n s t r u c t s  t he  code t o  add M a t e r i a l  4  t o  Mix 10 w i t h  a  

d e n s i t y  o f  0.04. 



A l l  o f  t h e  f o rego ing  can be summarized by t h e  express ion 

where: 

z10 = macroscopic cross s e c t i o n  f o r  Mix 10, 

o2 = m ic roscop ic  cross s e c t i o n  f o r  M a t e r i a l  2, 

o4 = m ic roscop ic  cross s e c t i o n  f o r  M a t e r i a l  4, 

EV = e i  genval ue. 

Zone Dimensions ( 6  c a l c u l a t i o n )  

2DB searches on r e a c t o r  dimensions by va ry i ng  t h e  dimensions o f  each 

a x i a l  and r a d i a l  mesh i n t e r v a l .  Each mesh w id th ,  6 r i  , i s  computed f rom the  

express ion 

i i 
6 r  = 6 r 0  [I + (mesh r n ~ d i f i e r ) ~  EV]  , (4.5) 

where 6 r b  i s  t h e  i n i t i a l  mesh spac ing and EV i s  t he  e igenvalue.  D i f f e r e n t  

mesh m o d i f i e r s  can be s p e c i f i e d  f o r  each a x i  a1 and r a d i  a1 mesh i n t e r v a l  . 

2  Buck1 i ng (B c a l c u l a t i o n )  

I n  a  b u c k l i n g  search, t he  q u a n t i t y  D ~ B ' ,  where Di i s  t h e  zone dependent 

d i f f u s i o n  cons tan t  f o r  group i, i s  added t o  t h e  i t h  group abso rp t i on  cross 

sec t i on .  The in -g roup  s c a t t e r i n g  cross sec t i on ,  oi i s  reduced by t h e  
gg ' 

same amount so t h a t  t h e  c a l c u l a t e d  t o t a l  cross s e c t i o n  remains equal t o  t h e  

i n p u t  t o t a l  c ross s e c t i o n .  The b u c k l i n g  i s  then computed as t h e  e igenvalue.  
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V.  BURNUP PIODEL 

The b a s i c  burnup equat ion  f o r  each zone has t h e  form 

where: 

N~ = d e n s i t y  o f  n u c l i d e  i , 

hi = decay cons tan t  f o r  n u c l i d e  i, 

- i 
a = spectrum averaged abso rp t i on  cross s e c t i o n  f o r  a  

n u c l i d e  i , 
- i 
O f  

= spectrum averaged f i s s i o n  cross s e c t i o n  f o r  

n u c l i d e  i , 
- i a = spectrum averaged cap tu re  cross s e c t i o n  f o r  

C 

n u c l i d e  i , 
- 
4 = t o t a l  f l u x .  

The l a s t  two sum terms i n  Equat ion (5.1) a1 low p r o v i s i o n  f o r  two cap tu re  and 

seven f i s s i o n  sources. The l a t t e r  op t ion ,  f o r  example, cou ld  be used t o  

compute the  f i s s i o n  p roduc t  b u i  1 dup. 

Each i n p u t  t ime s t e p  i s  a r b i t r a r i l y  subd iv ided  i n t o  10 sma l l e r  t ime  

s teps.  Equat ion (5 .1)  i s  then so lved  as a  march-out problem us ing  t h e  sub- 

d i v i d e d  t ime  i n t e r v a l s .  I f  we r e w r i t e  Equat ion (5.1 ) i n  t h e  form 

t h e  p a r t i c u l a r  march-out a1 g o r i  thm used can be w r i t t e n  as 



where J i s  t h e  i ndex  on t ime  and 6 t  i s  t h e  f i ne -s tep  t ime  i n t e r v a l .  

Observe t h a t  Equat ion (5.3) i s  i m p l i c i t  i n  t h e  sense t h a t  fiJ+l must be 

known i n  o rde r  t o  compute fJ+l. One must t h e r e f o r e  i t e r a t e  on f i  a t  each 

t ime  p o i n t .  Th i s  procedure leads t o  t he  a l g o r i t h m  

where v i s  t h e  i t e r a t i o n  index .  

Remarks on Burnup Equat ions 

The zone averaged f l u x  and cross sec t i ons  appearing i n  Equat ion (5.1 ) 

a re  computed be fo re  each i n p u t  t ime  s tep .  The t o t a l  r e a c t o r  power ( f r om 

the  burnab le  i so topes )  and f l u x  p r o f i l e  ( r e l a t i v e  zone f l u x e s )  a r e  h e l d  

cons tan t  d u r i n g  t h e  f i  ne-step march-out descr ibed  by Equat ion (5 .4 ) .  

I t  shou ld  be c l e a r  f rom t h e  niathemati c a l  model presented t h a t  r e l a t i v e l y  

s h o r t  t ime  s teps shou ld  be employed i f  r a p i d  v a r i a t i o n s  i n  i s o t o p i c  concen- 

t r a t i  on o r  f l  ux p r o f i  1  es a re  a n t i c i p a t e d .  Such cond i t i ons  , however, a re  

r a r e l y  encountered i n  f a s t  r e a c t o r  des ign c a l c u l a t i o n s .  



VI. REMARKS ON CODE OPERATION 

1 .  Since the input data i s  inverted for  adjoint calculations, a1 1 

group indicies in the output of adjoint cases are inverted. Furthermore, 

the balance tables in adjoint calculations do not have a  d i rec t  physical 

interpretation. 

2.  The material inventory tables are inapplicable for  a  mixture speci- 

f ication more complex than a  mix in a  mix (e.g. ,  a  mix in a  mix in a  mix). 

3. An isotope cannot be mentioned more than once in the same mix in 

burnup calculations. If  mentioned more than once in other calculations, the 

pri nted i  nventory wi 1 1 be i  ncorrect . 

4. A1 though the new eigenvalue and material densities are computed and 

printed a f t e r  the l a s t  time s tep,  the zone averaged cross sections and re- 

action rates are not. These can be easily obtained, however, by simply 

taking 1 extra burnup step of miniscule length. Similarly, the zone averaged 

cross sections and reaction rates can be obtained in non-burnup runs by 

simply call ing for 1 (dummy) burnup step of miniscule length. 

5. A flux dump i s  given only when: 

1 )  A dump i s  called for ,  and 

2 )  The burnup time i s  zero, 

Thus, i f  a  dump i s  called for  in a  burnup calculation, only one dump (the 

i n i t i a l  f lux) i s  given. 



6. T i g h t  mesh spac ing i n  t he  dimension pe rpend i cu la r  t o  l i n e  i n v e r s i o n  

can cause excess ive  runn ing  t ime. Thus, i f  t i g h t  mesh spac ing i s  used, i t  

should be a long  t h e  dimension c o n t a i n i n g  t h e  most mesh i n t e r v a l s .  For t h e  

same reason, t h e  "dummy" dimension i n  one-dimensional problems shou ld  con- 

t a i n  l a r g e  mesh i n t e r v a l s .  



V I I .  REPRESENTATIVE RUNNING TIMES ON A UNIVAC 1108 

2DB runn ing  t imes f o r  problems i n v o l v i n g  t y p i c a l  f a s t  r e a c t o r  compo- 

s i t i o n s  a r e  shown i n  Tab le  7.1. A l l  problems a re  r u n  us ing  an i n i t i a l  f l a t  

f l u x  and a keff  convergence c r i t e r i o n  o f  

Case - 
1 

2 

3 

4 

5 

6 

Tab le  7.1 

Representat ive Running Times f o r  keff  Cal c u l  a t i  ons 

No. o f  
Geometry Groups 

R- Z 2 

X-Y 

R- Z 

Mesh Approx. Time 
S i  ze - (minutes) 

20 x 20 0.2 
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APPENDIX A 

SIMPLIFIED LOGICAL FLOW DIAGRAM 

A b r i e f  d e s c r i p t i o n  o f  t h e  f u n c t i o n  o f  each sub rou t i ne  i s  g i ven  below; 

t h e  c a l l  i ng sequences o f  a1 1 p r i n c i p a l  subrou t ines  a re  shown i n  F igure  A. 1. 

AVERAG Ca lcu la tes  zone averaged f l  uxes and cross sec t i ons  , 

CALC Program management. 

CLEAR Clears s to rage  area f o r  dimensioned va r i ab les .  

CNNP Performs convergence t e s t s  ; est imates new e i  genval ue. 

ERR02 P r i n t s  and evaluates anomalous condi ti ons . 
FISCAL Computes group sums; normal izes f l u x  and f i s s i o n  r a t e .  

GRAM 

I FLUXN 

INCL 

I N  I T  

INNER 

INNER1 

INNER2 

INNERP 

I NP 

INPB 

MAP R 

MARCH 

Ca lcu la tes  and p r i n t s  r e a c t o r  i nven to ry .  

Normal i zes group f 1 uxes be fo re  each group- f  1  ux 
c a l c u l a t i o n .  

Tabu la t i on  o f  a1 1 elements i n  COMMON s torage.  

Ca lcu la tes  miscel laneous parameters (e,g. , cross s e c t i o n  mixes, 
a d j o i n t  r eve rsa l s ,  geometr ic parameters).  

Performs i nner i t e r a t i o n  by c o l  umn. 

Ca lcu la tes  c o e f f i c i e n t s  f o r  use d u r i n g  i n n e r  i t e r a t i o n s .  

Performs i t e r a t i  on by row. 

Performs i n n e r  i t e r a t i o n  f o r  problems wi t h  p e r i  od i  c  boundary 
condi ti ons . 
Reads and p r i n t s  i n p u t  data;  se ts  core  s to rage  requirements.  

Reads and p r i n t s  i n p u t  da ta  f o r  burnup. 

P r i n t s  core  map. 

Computes v a r i a t i o n  i n  r e a c t o r  composi ti on f o r  a  s p e c i f i e d  
t ime  s tep .  



OUTER 

P RT 

REAG2 

REAI 2 

S860 

S862 

S8830 

S8847 

S8850 

C o n t r o l s  program d u r i n g  o u t e r  i t e r a t i o n s .  

Pri n t s  two-dimensional v e c t o r s .  

General  i zed i npu t  r o u t i n e  f o r  f 1 o a t i  ng poi n t  v a r i  ab l  e s  . 
Genera l i zed  i n p u t  r o u t i n e  f o r  i n t e g e r  v a r i a b l e s .  

Reads i n p u t  c r o s s  s e c t i o n s  from c a r d s .  

Reads i n p u t  f l u x  dumps from c a r d s .  

Monitor p r i  n t .  

Computes and p r i n t s  t o t a l  n e u t r o n  bal  ance .  

F ina l  p r i n t .  



F i g .  A.1. 2DB C a l l i n g  Sequence 

CAL C 
- 

-~- I NP ERR02 1 
h 

I ,  
J -1 5860 I 

MAP R S862 REAG2 1 
R E A I Z  

7-1 REAG2 I 
w 

5 - AVERAG 

MARCH 
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APPENDIX B 

INPUT INSTRUCTIONS 

The f o l l o w i n g  pages d e s c r i b e  t h e  i n p u t  d a t a  f o r  2DB. Most i n p u t  i s  

read  i n  v i a  g e n e r a l i z e d  i n p u t  s u b r o u t i n e s .  The f o r m a t  f o r  d a t a  read  i n  

th rough  t h e  g e n e r a l i z e d  i n p u t  s u b r o u t i n e s  must adhere t o  t h e  f o l l o w i n g  

form: A l l  cards must c o n t a i n  s i x  d a t a  f i e l d s  o f  12 columns each. The l a s t  

n i n e  columns o f  each f i e l d  c o n t a i n  t h e  d a t a  a s s o c i a t e d  w i t h  t h e  p a r t i c u l a r  

f i e l d ;  colunins 2-3 c o n t a i n  an i n t e g e r ,  N, f r o m  0  t o  99. The f i r s t  column 

o f  each f i e l d  must c o n t a i n :  

0  - no e f f e c t  (N=O), 

1  - r e p e a t  a s s o c i a t e d  e n t r y  N t imes,  

2  - do N l i n e a r  i n t e r p o l a t i o n s  between a s s o c i a t e d  d a t a  e n t r y  

and succeeding d a t a  e n t r y ,  

3  - t e r m i n a t e  r e a d i n g  o f  t h i s  a r r a y  w i t h  p r e v i o u s  d a t a  e n t r y .  

V a r i a b l e  Col unins Format D e s c r i p t i o n  

CARD 1  (To r u n  a  s e r i e s  o f  cases, r e p e a t  f r o m  t h i s  c a r d )  

I D  (11 )  1-66 1 l A 6  I d e n t i  f i  c a t i  on ca rd .  

MA XT 67-72 I 6  Maximum r u n n i  ng t i m e  (m inu tes ) .  

I f  zero ,  n o t  used. 

CARD 2  

A02 1-6 I 6  Problem t y p e  : 

= 0, r e g u l a r  c a l c u l a t i o n ,  

= 1, a d j o i n t  c a l c u l a t i o n .  

I 0 4  7-1 2  I 6  E i  genval  ue t y p e :  

= 1, kef f ,  

= 2, t i m e  a b s o r p t i o n  (a) ,  



Var i ab le  Col umns Format 

NXCM 25-30 I 6  

MC R 31 -36 I 6  

DO5 49-54 I 6  

GO7 55-60 I 6  

S 04 61-66 I 6  

NPUN 67-72 I 6  

D e s c r i p t i o n  

= 3, concen t ra t i on  (C) , 
= 4, zone t h i  ckness ( 6 ) ,  

2 
= 5, b u c k l i n g  (B ) .  

Parametr ic  e i  genval ue type : 

= 0, none, 

Number o f  energy groups 

(1  5 N s 50) .  

Number o f  downscat ter ing terms. 

Number o f  m a t e r i a l s  (c ross  s e c t i o n s )  

f r om cards. 

Number o f  m a t e r i a l s  f rom tape. 

I n i t i a l  f l u x  guess: 

= 0, none, 

= 1, X(R)*X(Z) f rom cards, 

= 2, X(R,Z,E) f rom cards, 

= 3, X(R,Z,E) f rom tape. 

Maximum number o f  o u t e r  i t e r a t i o n s  . 
Representat ive va lue  2 50. 

Maximum number o f  i n n e r  i t e r a t i o n s  pe r  group. 

Representat ive va lue % 10. 

Maximum number o f  i n n e r  i t e r a t i o n s  p e r  group 

w h i l e  (1 -x  1 > ~ O E .  Representat ive va lue  6. 

F l ux  dump o p t i o n :  

= 0,  no punch, 

= 1, punch f l u x  dump, 

= 2, punch f l u x  and I 2  card, 

= 3, w r i t e  f l u x  on tape, 

= 4, w r i t e  f l u x  on tape and punch 12. 



Variable Columns Format 

CARD 3 

Description 

CARD 4 

E V 

EVM 

Geometry specifi  cati on : 

= 0 ,  X - Y ,  

= 1 ,  R-Z ,  

= 2 ,  R-e. 

Number of radial intervals ( 2  3).  

Number of axial intervals ( 2  3) .  

Number of material zones. 

Total number of niateri a1 s , i ncl udi ng mixes . 
Nuniber of mi xture speci f i  cations . 
Left boundary condi t i  on: 

= 0, vacuum, 

= 1 ,  reflective.  

Right boundary condi t i  on. 

Top boundary condi t i  on : 

= 0 ,  vacuum, 

= 1 ,  ref lect ive,  

= 2 ,  periodic. 

Bottom boundary condi t i  on. 

Number of radial zones ( 6  option only). 

Number of axi a1 zones (6 option only). 

1-12 El 2 In i t ia l  eigenvalue guess. (Used only in 

search cal cul a t i  ons, ) 

93-24 El 2 Ini t i  a1 eigenval ue modifier. This value 

should decrease reactivi ty--i .e. , EV + EVM 

should produce a l ower reacti vi ty than E V .  

Since EVM i s  completely problem dependent, 



Var i ab le  Col umns Format 

SO3 

BUCK 

Descr i  pta on 

no r e p r e s e n t a t i v e  values can be g iven ,  

However, t h i s  parameter i s  r a t h e r  impor tan t ,  

so some thought  should be g i v e n  t o  e s t i -  
- .  

mat ing a  reasonable va lue"  (Used o n l y  i n  

search c a l  c u l a t i  ons. ) 

Paramet r i c  e igenvalue (see t h i r d  word on 

Card 21, 

Buck1 i ng (cmm2) Caut ion--search (and burnup) 

c a l c u l a t i o n s  t h a t  i n c l u d e  a  b u c k l i n g  term 

cannot be performed us ing  i n p u t  cross 

sec t i ons  (mixes) d i r e c t l y  i n  zones Fu r the r -  

more, a g i ven  i n p u t  mix  cannot be used 

d i r e c t l y  i n  two o r  more zones i n  kef f  o r  

search problems t h a t  have a  b u c k l i n g  term. 

These p rob l  ens can be avoided by m i x i  ng w i t h  

a  d e n s i t y  o f  1.0. I f  search ing  on buck l i ng ,  

BUCK should be zero. 

Lower l i m i t  on Ix-1 1 ,  where A-1 Ss, i n  essence, 

t h e  p r e d i c t e d  change i n  t h e  c u r r e n t  r e -  

a c t i v i t y "  A f t e r  LAL i s  reached, t h e  eigen- 

va lue  s l ope  i s  no l onge r  a1 t e red ,  LAL i s  

used o n l y  i n  search c a l c u l a t i o n s  Recommended 

va lue  k .005. 

61-72 E l  2 Upper l i m i t  on [ A - 1  1 .  1 f  ] A - 1  1 i s  g r e a t e r  

than LAH, LAH r a t h e r  than I A - 1  i s  used .- 
i n  p r e d i c t i n g  t h e  new esgenval ue, LAH i s  

used o n l y  i n  search c a l  c u l  a t i o n s  Recommended 

va lue  2 - 5 .  



Var i ab le  Columns Format 

CARD 5  

EPS 

EPSA 

POD 

ORF 

CARD 6 

D e s c r i p t i o n  

1-12 E l  2  Convergence c r i t e r i o n  on t he  t o t a l  f i s s i o n  

source r a t e .  The maximum e r r o r  i n  kef f  

i s  a c t u a l l y  about 3xEPS, 

13-24 E l  2  Parametr ic  e i  genval ue convergence c r i  - 
t e r i  on. The e i  genval ue i s  r e c a l  c u l  a ted  

when 1 A'"-hV 1 i s  l e s s  than EPSA. EPSA 

i s  o n l y  used i n  search c a l c u l a t i o n s .  

Recommended va lue 2 10xEPS. 

25-36 E l  2  F l  ux convergence t e s t  ( i f  zero, no t e s t )  . 
That i s ,  

Max( 1 $"" -mv 1 /mv) 

37-48 E l  2  Parameter osc i  l l a t i o n  damper. R a t i o  o f  t h e  

computed e igenvalue change t o  t h e  p re -  

d i c t e d  e igenvalue change. POD can be 

used t o  acce le ra te  convergence o r  damp 

o u t  o s c i l l a t i o n s .  (Used o n l y  i n  search 

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

49-60 E l  2 Over - re l axa t i on  f a c t o r .  I f  i n s t a b i l i t i e s  

a r i s e ,  reduce ORF, Recommended va lue 

% l e 6 e  

61 -72 E l2  I f  X i s  negat ive,  t h e  t o t a l  power i s  

normal ized t o  1x1 hlwt us ing  t h e  con- 

ve rs i on  f a c t o r  o f  215 Mev / f i ss ion .  If 

p o s i t i v e  , X= to ta l  source/keff .  

I d e n t i f i c a t i o n  card  f o r  f i r s t  i so tope .  

Name . 
Atomic we igh t  o f  f i r s t  i so tope  (a.m.u.). 



Var i ab le  Columns Format D e s c r i p t i o n  

CARD 7 

C(ITL,IGM, 1-12 EI 2 

MC R) 

CARD 8 

C(ITL,IGM, 1-12 E1 2 

MCR) 

C(ITL,IGM, 13-24 E l  2 

MCR) 

Decay cons tan t  f o r  f i r s t  i s o t o p e  (days- ' ) . 
Th is  va lue  i s  o n l y  used i n  burnup c a l -  

c u l a t i o n s .  

Misce l  1  aneous a d d i t i o n a l  i d e n t i  f i  c a t i  on. 

Cross s e c t i o n  da ta  f o r  f i r s t  group o f  

f i  r s t  i so tope .  of (barns) .  

0 tr' 

Repeat above sequence f o r  a l l  groups and 

a l l  i so topes .  Data f o r  each new energy 

group must beg in  on a  new card ,  The code 

checks t h e  i n p u t  da ta  t o  i n s u r e  t h a t  

a  = a  + 1 a  (g+g'). tr a  
g  ' 



Var i ab le  Col umns Format D e s c r i p t i o n  

CARD 9 (Opt iona l ,  requl" r e d  i f  !407=1) 

RF(1M) 1-12 E l2 (GI * )  I n i t i a l  f l u x  guess f o r  f i r s t  r a d i a l  i n t e r v a l .  

RF( IM) 13-24 E12(GI) I n i t i a l  f l u x  guess f o r  second r a d i a l  i n t e r v a l .  

0 0 0  

Th i s  f l u x  p r o f i l e  i s  used f o r  a l l  energy 

groups. 

CARD 9 '  (Opt iona l ,  r e q u i r e d  i f  M07=1) 

ZF( JM) 1-12 E12(GI) I n i t i a l  f l u x  guess f o r  f i r s t  a x i a l  i n t e r v a l .  

ZF (JM) 13-24 E12(GI) I n i t i a l  f l u x  guess f o r  second a x i a l  i n t e r v a l ,  

e 0 0 

Th i s  f l u x  p r o f 1  l e  i s  used f o r  a1 1 energy 

groups. 

CARD 9 "  (Opt iona l ,  r equ i  r e d  i f M07=2) 

NO(1MJM) 1-12 E l 2  I n i t i a l  f l u x  guess f o r  f i r s t  mesh p o i n t  i n  

f i r s t  group. 

NO(1MJM) 13-24 E l 2  I n i t i a l  f l u x  guess f o r  second mesh p o i n t  i n  

f i r s t  group. Cont inue f o r  a l l  mesh p o i n t s  

and a1 l energy groups, 

CARD 10 

RO(IM+~ ) 1-12 E12(GI) Radia l  p o s i t i o n  o f  f i r s t  mesh boundary (0 .0) .  

RO(IMt1) 13-24 E12(GI) Radia l  p o s i t i o n  o f  second mesh boundary (cm). 

CARD 11 

ZO(JM+l ) 1-12 ElZ(G1) A x i a l  p o s i t i o n  o f  f i r s t  mesh boundary (O00) .  

* Generalized input  formato 



V a r i a b l e  Col unins Format D e s c r i p t i o n  

ZO(JP1+1) 13-24 E l  2 (GI )  A x i a l  p o s i t i o n  o f  second mesh boundary. 

Dimensions shou ld  be i n  cm f o r  R-Z and 
s e 0 

X - Y  c a l c u l a t i o n s ,  and i n  f r a c t i o n s  o f  a 

c i r c l e  f o r  R - e  c a l c u l a t i o n s  (e.g., 0.5 

f o r  180°). 

CARD 12 

NO ( IMJM) 

no ( IMJM) 

CARD 13 

MZ( IZM) 

MZ(IZM) 

CARD 14 

K7(IGM) 

CARD 15 

v7(  IGM) 

I 1 2 ( G I )  Zone number f o r  f i r s t  mesh i n t e r v a l .  

112(GI)  Zone number f o r  second mesh i n t e r v a l .  Mesh 

i n t e r v a l s  a re  sequence numbered beg inn ing  

a t  t h e  lower  l e f t  and then p roceed ing  

th rough  each row i n  o rder .  

I 1 2 ( G I )  M a t e r i a l  number f o r  f i r s t  zone. 

I 1 2 ( G I )  M a t e r i a l  number f o r  second zone. 

E l  2(GI  ) F i s s i o n  f r a c t i o n  (spectrum) i n  f i r s t  energy 

group. 

E l  2 (GI )  F i s s i o n  f r a c t i o n  i n second energy group. 

E12(GI) Neutron v e l o c i t y  f o r  f i r s t  energy group 

(cm/sec).  

E l  2 (GI  ) Neutron v e l  o c i  ty f o r  second energy group. 



V a r i a b l e  Col umns Format D e s c r i p t i o n  

CARD 16 ( O p t i o n a l  , r e q u i r e d  i f  NO1 >0)  

I 0  (MO1) 1-12 I 1 2 ( G I )  M a t e r i a l  n u m b e r o f M i x 1 .  

... 
IO(MO1) N-N+12 112(GI )  M a t e r i a l  number o f  M ix  2. 

CARD 17 ( O p t i  ona l  , r e q u i  r e d  i f  M01>0) 

I 1  (MO1 ) 1-12 I 1 2 ( G I )  0  ( t o c l e a r s t o r a g e a r e a f o r M i x 1 ) .  

I 1  (MO1) 13-24 I 1 2 ( G I )  Number o f  f i r s t  m a t e r i a l  i n  M i x  1. 

I 1  (MO1) 25-36 I 1 2 ( G I )  Number o f  second m a t e r i a l  i n  M i x  1 .  

I 1  (MO1) N-N+12 I 1  2(GI  ) 0  ( t o  c l e a r  s t o r a g e  a r e a  f o r  P l i  x  2 ) .  

I l (MO1)  N+13 

-N+24 I 1 2 ( G I )  Number o f  f i r s t  m a t e r i a l  i n  M i x  2. 

CARD 18 ( O p t i o n a l  , r e q u i  r e d  i f  M01>0) 

12(M01) 1-12 E12(GI)  0  

I2(M01) 13-24 E lZ(G1)  C o n c e n t r a t i o n  o f  f i r s t  m a t e r i a l  i n  M i x  1  

(a tomslbarn-cm)  . 
12(M01) 25-36 E12(GI )  C o n c e n t r a t i o n  o f  second m a t e r i a l  i n  M i x  1 .  

CARD 19 ( O p t i o n a l  , r e q u i r e d  i P I04=4)  

R2(IM) 1-12 I 1 2 ( G I )  D imens iona l  sea rch  zone number f o r  f i r s t  

r a d i  a1 i n t e r v a l  . 



V a r i a b l e  Columns Format Des c r i  p t i  on 

R2(IM) 13-24 I1 2 (GI) Dimensional s e a r c h  zone number f o r  second 

r a d i a l  i n t e r v a l .  

# . *  

CARD 20 ( O p t i o n a l ,  r equ i  r ed  i f  I04=4)  

R3(IZ) 1-12 E12(GI) Dimensional m o d i f i e r  f o r  f i r s t  (d imens iona l  

s e a r c h )  r a d i  a1 zone. 

R3(IZ) 13-24 E12(GI) Dimensional m o d i f i e r  f o r  second r a d i a l  zone.  

CARD 21 ( O p t i o n a l ,  r e q u i r e d  i f  104=4)  

Z2 (JFsl) 1-12 I12(GI)  Dimensional s e a r c h  zone number f o r  f i r s t  

a x i a l  i n t e r v a l .  

22 (JLI) 13-24 I1 2(GI ) Dimensi onal  s e a r c h  zone number f o r  second  

axi  a1 i n t e r v a l  . 

CARD 22 ( O p t i o n a l ,  r e q u i r e d  i f  I04=4)  

Z3(JZ) 1-12 E12(GI) Dimensional m o d i f i e r f o r f i r s t a x i a l  zone. 

Z3(JZ) 13-24 E l  2 (GI )  Dimensional m o d i f i e r  f o r  second ax i  a1 zone. 

CARD 23 (Burnup Control  Card) 

N CON 1-6 I 6  Burnup c o n t r o l  : 

= 0 ,  end o f  problem, r e a d  i n p u t  d a t a  

f o r  n e x t  c a s e ,  

= N, r e a d  burnup pa ramete r s  f o r  N 

i s o t o p e s  and t a k e  time s t e p  o f  DELT, 

0 ,  t a k e  t ime  s t e p  o f  DELT. 



Var i  ab le  Col umns Format D e s c r i p t i o n  

NPRT 7-1 2 I 6  P r i n t  c o n t r o l  : 

= 0, p a r t i a l  p r i n t ,  

= 1, f u l l  p r i n t ,  

DELT 13-24 E l  2 Length o f  t ime  s t e p  (days).  

CARD 24 (Opt ional  , r e q u i r e d  i f  NCON > 0 )  

MATN (NCON) 1-6 I 6  Th i s  ca rd  con ta ins  a l l  burnup parameters 

f o r  t he  f i r s t  burnab le  isotope.  M a t e r i a l  

sequence number o f  f i r s t  burnable i so tope .  

NBR(NC0N) 7-1 2 I 6  Cont ro l  f o r  b reed i  ng r a t i o  c a l c u l a t i  on: 

= 0, no e f f e c t ,  

= 1, f e r t i  l e  i so tope ,  

= 2, f i s s i l e  i so tope .  

LD(NC0N) 13-1 8 I 6  = 0, no decay source, 

= N, decay source f rom burnable i s o t o p e  N. 

LCN(NC0N , 2 )  19-24 I 6  = 0, no capture source, 

= N, cap tu re  source from burnable i s o t o p e  N. 

See Eq. (5 .1) .  

LCN (NCON ,2) 25-30 I 6  = 0, no capture source, 

= N, cap tu re  source f rom burnable i s o t o p e  N. 

LFN(NCON,7) 31-36 I 6  = 0, no f i s s i o n  source, 

= N, f i s s i o n  source f rom burnable i s o t o p e  N. 

See Eq. (5.1).  

LFN(NC0N ,7) 37-48 I 6  = 0, no f i s s i o n  source, 

= N, f i s s i o n  source f rom burnable i s o t o p e  N. 

(Repeat CARD 24 f o r  a l l  burnable i so topes .  Repeat f rom CARD 23 f o r  

addi ti onal ti me steps . ) 
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APPENDIX C 

STORAGE REQUI  REMENTS 



APPENDIX C 

STORAGE REQUIREMENTS 

The variable dimensioned arrays requi re N storage locations where 

+ MT x I T L  

+ 2 x MAX(IM,JM) 

+ I Z  + J Z  + I M  + J M  ( i f  6 calculation) 

N 2  = MT x I T L  x ( I G M  + 1 )  + 3 x ML 

and: 

I M  = number of radial intervals 

J M  = number of axial antervals 

IGM = number of energy groups 

I Z M  = number of material zones 

M01 = number of mixture specifications 

ML = number of materials from cards or tape 

I T L  = length of cross sectl'on table (NXCP1+5) 

MT = total  number of materials , i ncl udi ng mixes 

I Z  = number of radi a1 zone modifiers 

J Z  = number of axial zone modifiers, 

For vi r tual ly  a1 1 practical problems, M I  N 2  and thus N = N 1 .  





APPENDIX D 

SAMPLE PROBLEM 

The f o l l o w i n g  pages show the  i n p u t  data and computer ou tpu t  f o r  a 

2-group, 2-region, 2-step burnup problem i n  R-Z geometry. 



2 D t3 SAYPLE C A S F  
0 1 2 1 1 0  
1 2 0  ?L 2  1 2  1'3 

0.b b. d 0 3 
.0003 1  .u01 0.C 

UZ38 278.05  4.U 2  GROUPS 
. 1 0 0 1 0 0 + 0 0  .2?2887-1J0 . 2 t i 1 4 3 7 - u 0  
.0UOdOO - 5 3 2  188-0U .uObCUb 

PU239 239.05  O.U 2  GROUPS 
. 1 7 2 4 3 6 + b l  . 1 8 4 8 7 2 + 0 1  . 5 1 1 5 C 3 + 0 1  
. 2 2 8 4 1 9 + 0 1  . 3 2 4 0 b 6 + 0 1  . 6 4 9 5 0 3 + 0 1  

PU24C 240.05  cl.O 2 GROdPS 
. 6 9 7 b h 6 - 0 0  .971046-0@ . 7 1 0 ? 6 & + 0 1  
. 2 0 5 1 8 5 - 0 1  . 1 5 8 4 5 6 + C l  .:77565-0 

PU241 241.067.80-8 2  GROJP2 
. 1 7 3 7 1 2 + 0 1  .189157+,)1 . 5 2 8 2 7 2 + 0 1  
. 2 5 0 8 4 8 + 0 1  . 2 8 7 5 7 0 + U l  . 7 4 4 3 0 0 + 0 1  

F I S  PR 1.00 U.0 ?GROUPS 
, 1 8 0 3 3 4 - 0 0  . b 0 0 0 ~ 0  
.45U42U-OL .OUU000 

d.U 2  GROUPS 
.833620-d5 .[100GbO 
.456935-1U .OOOCUO 
u.u 2 GROUPS 

* 7 1 1 O d ~ - O ?  . 0 0 0 0 0 0  
,423424-02 .000000 

U.U 2  GROUPS 
,591775-L2 .CJOOOOO 
- 2 1 5 4 3 1 - 0 1  .0000GO 

0 0  
I 0 

0.0 
l .C  

CCRE 
.633569+01 
. l j l 5 t i 3 + 0 2  

CORE 
. 6 6 9 ? 6 4 + 0 1  
.139176+CT 

CORE 
. f  C . I , C (  i ,+0!  . L J q 4 5 5 + 0 2  

CORE 
. 7 4 5 2 8 5 + 0 1  
. 1 1 6 8 8 8 + 0 2  

CORE 
. 1 0 6 9 3 6 + 0 2  
.142 1 7 1 + 0 2  

CORE 
. 2 6 3 9 2 6 + 0 1  
. 4 4 8 5 5 3 + 0 1  

CORE 
. 7 0 9 ~ 1  Q + o 1  
. 4 9 8 4 5 5 + 0 1  

CORE 
. 2 5 5 7 6 1 + 0 1  
. 4 8 2 1 4 4 + 0 1  

U 2 3 8  238.05 0.0 2  GROUPS REFLECTOR 
- 3 7 2 1 8 1 - U 1  - 1 8 9 5 1 6 - 0 0  . 1 0 5 3 7 8 + 0 0  . 6 9 4 9 0 4 + 0 1  . 6 6 4 7 1 8 + 0 1  
.OUubO0 .4U&SU1-00 . 0 0 0 0 0 0  . 1 7 7 0 9 0 + 0 7  . l l R 0 4 5 + 0 7  - - -  - - - -  , - - - -  

FE 55.847 d.U 2 GROUPS R E F L F C T O R  



AUL 
I U 4  
SOL 
1GI.f 

t.rXCF 
M C k  
MTI' 
M 0  7 
LJOS 
G O 7  
so4 

IJPUI 4 

2 U  b LAp41-'LE C A L F  

u / l = H t b U L A K  C A L C U L A T I O N / A D J O I I I T  C A L C I J L A T I O I .  
E l b t N V A ~ u t  T Y P E  ( ~ / ~ / J / ~ ~ / ~ = K E F F / A L P I ~ A / C O ~ L ~ N T R A T ~ O ~ J / O € L T A / ~ U C ~ L ~ N G )  
I ' A R A M i T K I C  t 1 G t l J V A L U E  T Y P E  ( ~ / ~ / ~ = I J o v I E / K L F F / A L ~ ' H A )  
N U M t i t R  OF G K O U P S  
I \UYbE l4  OF U U k l N S C A l  T E K I N G  T E R M S  
h U M B E R  O F  M A T E R I A L S  FROM C A R D S  
NUMt3EK OF M A T E R I A L S  F H U M  T A P E  
F L U X  G U t S 5  ( O / ~ / ~ / ~ = N O ~ J F / X ( R ) * X ( Z ) / X ( I ? , Z , E ) / X ( R * Z ~ E )  F R O M  T A P E )  
OUTER 1 T C R A T I O t . I  MAX 
I r J N t K  I T t H A T I O I J  M A X  P E K  GROUP 
I 1  MAX P E R  GROUP F O R  1 - LAMULDA G R E A T F R  T H A N  l O * E P S  
F L U X  DUMP ( ~ / ~ / ~ / ~ / ~ = I \ ~ O N E / C A R D S / C A R D S + I ~ / T A P E / T + I ~ )  

G t O M E T K Y  ( U / 1 / 2 = X - Y / K - Z / U - T I I E T A )  
I J U M U t K  OF R A D I A L  I I J T E R V A L S  
I IUYUEH OF A X I A L  I N T E R V A L S  
EJUYBEK OF M A T E I i I A L  Z O N t S  
T O T A L  N U M d E K  OF M A T E R I A L S  I N C L U D I N G  MIXES 
IJUCIBEK O F  M l X T U R t   SPECIFICATION^ 
L t F T  UOLJNUAKY C O ~ I D I T I O t I  ( o / ~ = v A c I J L J ~ I ~ / R E F L ~ C  T I V E  
R I G H T  U O U l l U A R Y  C O l l D I T l O l l  ( o / ~ = V A C I J O M / R E F L E C T I V E )  
T O P  I.!,OOIIUAKY L O ' I D I T  I O N  ( O / ~ / ~ = V A C I I U M / R ~ F L ~ C T I V L / P € R I O D I C  
t,OTTOIJ bOUPJUAKY C O I \ I D I T I O I I  ( ~ / ~ / ~ = v A c I I u ~ / R ~ F L ~ C T I V E / P E R ~ O D I C )  
H A U I A L  Z O N E 5  ( U t L T A - O P T I c f d  O N L Y )  
A X I A L  L O I J t b  ( DkLTA-OPTIOII o I J L Y )  

t v F  I K S T  E I G t t J V A L U E  G U E S S  
EVIWI t 1 G I E N V A L U t  M O U I F I t t l  
5 0 3  P A R A M E T R I C  t I G t N V A L U E  

l i U C n  L U C K L I I J G  ( C M - 2 )  
L A L  L A V b 0 A  L O I V E ~  
L A t l  L A Y b D A  U P P t l i  

tF"_ l  E 1 b t ; l v A L U t  L O l J V t K G t N C E  C R I ~ E R I A  
t P S A  P A R A M E T t R  C O b i V t l i G t r J C E  C R I T E R I A  

G O b  1 I . J l J t R  I T E I < A T I O i . I  T E S T  ( I F  ZERO, NO T C S T )  
POL, C 'ARAMLTtH O b C I L L A T I O N  UAMPCR 
O R t  O V E f { - H t L A X A  T I d I I  t ACTOR 
501 P . r t b A 1  I V E / I ~ O ~ I T I V ~ = I ' O N E ~  ( w k l  T )  / N ~ O T R O ? I  S O I J K L E  K A T E  



2 1 1  b b A F l P L t  C A S E  

Ttik FVLLOWitdb h c ) C L I D t S  A I I E  F R O M  C A R D S  

GHOUI'S 
(IKOlJl'S 
GROUt'S 
GeOUkJS 
GROUPS 
GHOUP5 
GROUPS 
GROUPS 
GliOUPS 
GROUPS 

C O H E  
C o l t €  
C O R E  
COHE 
C O H E  
C O R E  
C O R E  
C O R E  
R E F L E C T O R  
R E F L E C T O R  



LulJE r.iUMUtK5 f3Y MESH IPlTEHVAL 
M0 4 0 0  
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 



I.IEUTo\ON VtLOC I T Y  
b -/ 2 

.7u jOY+u9 .11136+09 

~ 1 X T c r H t  5p tC IF ICAT IONS ( IO / I 1 /12=MIX  I:lJMDEH/MAT. FIUMB~H k O R  I IX/MATEHIAL DENSITY) 
I U  13 
11 11 11 11 11 11 11 11 11 1 2  
12 11 1 2  
11 13 

0 1 2 3 4 5 6 7 8 0 
9 2 10  

12  1 3  
,00000 .80000'OE ,16000-02 ,10000'03 ,00000 .00000 .20000-01 ,60000-02 e13300-01 ,00000 
,400UU-ul  .00090 ,62000-02 





2 t~ U bAMt'LL CASE 



1 X  I U f l t  IqUMULII k 1 I K  CUM 4AFiD '4ATEf<IAL A T O I ' I C  DENSITY 



L I ~ O S L - ~ ~ L  I lord LUIT 
GriOUl' 1 CROSS-SECT IOIJS 
l4AT 1 .100+00 ,233-00 
FiAT 2 . 1?2+01  .185+01 
I ~ A T  J -697-00 ,973-03 
FIAT + .174+01 .189+01 
MAT 5 .OrJo . laO-00 

o .OUO .H34-05 
M A T  I .OUO e71.3-03 
MAT d .000 .592-02 
IMAT 9 ,372-01 .1YC-O0 
M A T 1 0  -000 .671-02 
MAT 11 .363-02 .boo-02 
MAT 12  ,149-02 .762-02 
bHOUP 2 LHUSS-SECTIONS 
MAT 1 .00U .532-00 
MAT 2 .228+01 .324+01 
MAT 5 ,205-01 .158+01 
FIAT 4 .251+01 .288+01 
M A T  5 -000  .'+5c-no 
cqA7 o ,000 .'+57-10 
IlAT 7 -000  .423-02 
M A T  ~1 - 0 0 0  .LI~-OI 
PIAT 9 ,000 .'+05-00 
MAT10  ,000 .120-01 
MAT 11 ,366-02 .991-02 
1-1AT 12 .000 .163-01 



111. I T ,  
P tR LCOP 

LIGEhVALUE LAMBDA 



GROUP lb5IUN SOUhCk I N-5LATTLK C,IJT-SCATTEP AUSORPT I O N  L. L.  fi. L. T. La B. L. TOTAL LEAKAGE 



-.0000 
3.23UL1 
b.4b15 
9.6'123 

12.9231 
l o .  1558 
19.3t54b 
22.6154 
25.8462 
L Y .  07n9 
32.3077 
55.5385 
38.7692 
42.0000 
40.2857 
50.5714 
54.8571 
59.1429 
o3.42t36 
67.7143 
72.0000 







FLUX F O H  i jROlJP 2 

















2 L L1 SAh't'LL CASE 

, , A T L , . I A L  IP .V t t . ITOHY ( K I L O G d A F i S )  FOH FACIi ZOr l t  

LOI4E 1 
210.59 L I T E  
6.65Y+CP 
1.337+0? 
8.393+0@ 
0.000 
3.000 
8.39Y+01 
4.823+01 
2.538+02 
0.000 
0.000 



NAME 

U23f 
PU2J9 
PU24G 
PU2'4l 
F I S  P H  
11238 

.uor; 1 . onn 2 

. O O G  1 
,780-07 2 
,000  0 
.oon 1 

SOURCE ISOTOPL FOR 
CAPTURE 

* * * * * *  
F I S S I O N  



VOLUME = 2.1059+02 L ITERS 

F U S O H P T I O N  SIGMA 
HATE FISSION 

SIGMA 
ABSORPTION 



U2 38  0.000 
PU259 0.000 
~ ~ 2 4 0  0. orlo 
PU24 1 0.000 
F I S  Pi< 0.000 
U236 4.000-02 

AHSOliPT 1014 
HATE 

SIGMA 
FISSIOI\I  

SIGMA 
ABSORPTION 



' , lX  I U K t  P.IUMBLH M I X  CUFIIAND '"TTE!<IAL A T O M I C  DENSITY 



1 l M k  O U T t H  . l p j ,  I T ,  
( ~ I I d U l t b l  I TEHATIOfdS P t K  LCOP 



;uI,ITF-~~ I A L  I l l k t  JTOHY ( K I L O G K A k I 5 )  F O N  EACH Z O I J C  

A T O M I C  rlT.  L O N t  1 
210.59 L I T t l ' S  

238.050 b.627+02 
2.59.050 1.318+02 
240.050 8.992+00 
L41.060 8.471-02 

1.000 1.821-02 
12.011 8.399+01 
~ 2 . 9 9 0  lr.R23+01 
55.847 2.538+02 

238.050 0.000 
55.847 9.OOU 



U23b 
PU239 
PU240 
PU24 1 
F I S  PR 
U23b 

FLUX = 3.3471+15 VOLUME = 2.1059+02 LITERS 

A D S O R P T  I O h  
HATE 

S I G M A  
F I 5 5  I ON 

5 I GMA 
AeSORPTION 



U2 38 
f'1123'3 
PU240  
PU241  
F I S  Pi? 
U238 

FLUX = 3.8247+14 

A TOP/, F ISSIOIJ 
DEt!T,lTY PATL 

VOLUME = 8 . 9 6 8 6 + 0 2  L I T E R S  

ARSOI<PT I Or4 S I G M A  
RATE F I S S I O N  

SIGMA 
ABSORPTION 



"', \TEI<IAL ATOMIC DENSITY 







APPENDIX E 

FORTRAN-IV SOURCE DECK L I S T I N G  



- 1 L  PDP I N C L  
ABC* FCOPY 

COMMON 
1 
2 
3  
4  
5  
6 
7  
8  
9  

COPJMON 
1 
2 
3 
4  
5 

COM':3N 

1 

2 
REHL 

1 
END 

E- 1 PYk~8b1c 0 1 

2DB 0 0 0 2  
N I N P *  NOUTt N C R l *  N F L U X l *  NSCRAT* ALA I 8 0 7 9  2DB 0 0 0 3  

CNT I CVT * DAY*  D E L T *  E 0 ( 5 1 ) *  E l ( 5 1 ) r  E 2 ( 5 1 ) *  2DB 0 0 0 4  
E 3 ( 5 1 ) *  E 4 ( 5 1 ) r  E 5 ( 5 1 ) *  E 6 ( 5 1 ) *  E 7 ( 5 1 ) r  E 8 ( 5 1 ) *  E 9 ( 5 1 ) s  2DB 0 0 0 5  

Eel* E(;2r E 0 3  r EO * E V P *  E V P P *  F E F *  2DB 0 0 0 6  
GEAR GLr l r  I G E P r  I G P r  I GV I I H S s  I H T *  2DB 0 0 0 7  

1 1 1  I M J M *  I P r  I T E M P *  ITEMPI* I T E M P 2 r  I T L *  2DB 0 0 0 8  
I Z P r  JP  9 KC79 KPAGE* LAP,  L A P P *  L A R *  2DB 0 0 0 9  

LC 9 M L *  NCONr NGOTOr NPRTr  ORFP*  P o 2 9  2DB 0 0 1 0  
PBAR* SRAR* SK7 * T C 6  r T7 * T l l *  TEMP* 2DB 0 0 1 1  

TEMP19 TEMP29 TEMP39 TEMP49 T I *  TSD V 1 1  2DB 0 0 1 2  
I D ( 1 1 )  9 MAXTI A 0 2  9 I 0 4  9 SO2 I I G M r  NXCM* 2DB 0 0 1 3  

f.1 C R * MTP* M07  * DO5 * GO7 * 5 0 4 9  NPUN* 2DB 0 0 1 4  
I G E *  I M *  JM 9 I Z M *  MT * M 0 1 r  0 0 1 ,  2DB 0 0 1 5  
~ 0 2  * B c 3  * R o 4  I z *  JZ EV * EVM* 2 0 8  0 0 1 6  
5039 BGCKI L A L  * LAH r  E P S *  E P S A *  GO69 2DB 0 0 1 7  
POD ORF I So 1 2DB 0 0 1 9  

LATW* LHOLN* LALA/4 r  LC0  9 LNO r  L N 2  9 L A O *  2DB 0 0 2 0  
L A 1  * LFOI L F 2  * L I O *  L I L *  L 1 2  * L I 3 r  2DB 0 0 2 1  
LK6 r L K 7  r LMO 9 L P 2  r LRO L R l *  L R 2 r  2 0 8  0 0 2 2  
LR3  9 L R 4  r L R 5  * LS2  I LVG 9 L V 7  * L L G *  2DB 0 0 2 3  
L Z l r  L Z 2  9 L z 3 r  L Z 4 r  L Z 5 9  L C X S *  L V O L r  2DB 0 0 2 4  

L l  ASS*  Lt4ATh 9 LNBR*  L L D r  L L C N *  L L F N *  L P H I B *  2DB 0 0 2 5  
L A X S *  L F X S *  LYA.>SPr L C X R t  L C X T *  LHA * LPA 2DR 0 0 2 6  

A02  9 -30 1 9  9 5 2 9  PO3 * R 0 4  * 9 0 7  r  CNTr  2DR 0 0 2 7  
c'JT 9 ~ 0 5  * ~ 0 7  * P o 2  * SO2 9 S o 4 9  T o 6 9  2DR 0 0 2 8  

X2 9 z 2 2DB 0 0 2 9  
I 2 9  1 3 s  K 6  9 K 7  9 L A H r  L A L  * L A P *  2DB 0 0 3 0  

LAPP r LAR I NO r  N2 r MASS, MASSP 2DB 0 0 3 1  
2DB 0 0 3 2  - 



- 1 T C  FOR CALCICALC 

* * *  

CALC 

+ * D E S C R I P T I O N  OF SUBROUTINES * * * * + 

M A I N  PROGRAM--SETS UP TAPE U N I T S  AND C A L L S  I N P I  I N I T ,  
F I S C A L ,  S 8 8 3 0 r  ERR029  OUTER, CNNP, 5 8 8 5 0 9  GRAMS 
I N P B *  AVERAG* AND MARCH. 

SUBROUTINE  TO CONTROL THE R E A D I N G  AND P R I N T I N G  OF A L L  
I N P U T  >ATA ,  COMPUTE V A R I A E L E  D I M E N S I O N  P O I N T E R S  AND 
PROGRAM CONSTANTS. I N P  I S  C A L L E D  BY  CALC AND C A L L S  
Lt?60,  3 8 6 2 ,  R E A G Z *  R E A I 2 ,  MAPR* AND E R R 0 2 4  

E R K O Z  1 3  USED TO P R I N T  AN ERROR MESSAGE. I T  I S  C A L L E D  
6Y CALC,  I N P ,  R E A I 2 ,  REAG2, I N I T ,  AND CNNP. 

ZDB 0 0 3 7  
2 D B  0 0 3 8  
2 D B  0 0 3 9  
2 D B  0 0 4 0  
2 D B  0 0 4 1  
2 D B  0 0 4 2  
2 D B  0 0 4 3  
2 D B  0 0 4 4  
2 D B  0 0 4 5  
2 D B  0 0 4 6  
2 D B  0 0 4 7  
2 D B  0 0 4 8  

5 U B K O U T I N E  TO READ CROSS S E C T I O N S  FROM CARDS, PERFORM 2 D B  0 0 4 9  
A D J O I N T  REVERSALS  I F  REQUIRED,  AND WRITE  CROSS S E C T I O N  2 D B  0 0 5 0  
TAPE. 5 8 6 0  I S  C A L L E D  PY INP .  2 D B  0 0 5 1  

2 0 8  0 0 5 2  
5 8 6 2  READS I N P U T  F L U X E S  AND PREPARES A  FLUX T A P E *  I T  I S  2DB  0 0 5 3  
C A L L E D  SY I N P  AND C A L L S  REAG2. ZDB 0 0 5 4  

2 D B  0 0 5 5  
SUBROUTINE  TO READ F L O A T I N G  P O I N T  D A T A *  REAG2 I S  C A L L E D  2 D B  0 0 5 6  
SY I N P  AND S 8 6 2  AND C A L L S  E 2 R 0 2 .  2 D B  0 0 5 7  

2DB  0 0 5 9  
SUOROUTINE TO RE-AD INTEGER DATA. R E A I 2  I S  C A L L E D  EY I N P  2 D B  0 0 6 0  
AND C A L L S  ERROZ. 2 D B  0 0 6 1  

2 D B  0 0 6 2  
SUBROUTINE  TO PRODUCE A  P I C T U R E  BY ZONE AND 2 D B  0 0 6 3  
MATERIAL .  MAPR I S  C A L L E D  BY INP.  2 D B  0 0 6 4  

2 D B  0 0 6 5  
INIT PERFOR~' IS  A D J O I N T  R E V E R S A L S ( S 8 0 6 1 9  M I X E S  CROSS 2 0 8  0 0 6 6  
S E C T I O N S ( S i 3 0 7 ) ,  M O D I F I E S  GEOMETRY(S8101 ,  AND CALCULATES 2 D B  0 0 6 7  
AREAS AND ~ O L U M E S [ ~ 8 1 1 1 ,  AND F I S S I O N  N E U T R O N S ( S 8 2 1 ) .  2DB  0 0 6 8  
I N I T  I S  C A L L E D  BY CALC AND C A L L S  CLEAR AND E R R 0 2 0  2DB  0 0 6 9  

2 D B  0 0 7 0  
C L L A R  SETS  A h  ARRAY OF A  S P k C I F I E D  LENGTH TO A  G I V E K  2 D B  0 0 7 1  
COlVsTA'IT. THE SJBROUTINE  I S  C A L L L D  BY I N 1  T  AND GRAM. 2 D B  0 0 7 ?  

ZDB 0 0 7 3  
C A L C U L A T E S  F I S S I O N  S ~ b l ~ ( S 8 2 2 1  AND PERFORMS 2 D B  0 0 7 4  
N O R P , A L . I Z A T I O R ( 5 8 2 3 ) .  F I S C A L  !S  C A L L E D  BY CALC. 2DB  0 6 7 5  

2DB  0 0 7 6  
S 8 F 3 u  I S  THE MONITOR P i i I h T  SUEROCTINE- -PR INTS  T IME,  2DB  0 0 7 7  - 
EIG€NVAL .UE(  LAMBDA, ETC. AFTER EACd  OUTER I T E R A T I O N .  2DB  0 0 7 8  
i T  I S  C A L L E D  BY CALC AND 5 8 8 5 0 .  i D B  0 0 7 9  

2 D B  0 0 8 0  
PERFORIdS A  CG[-IPLETE OUTER I T E R A T I O N .  C A L L S  I N N E R 1 9  2 D B  0 0 8 1  
INh!ER, AND INNERP.  OUTER I S  C A L L L D  UY CALC. 2 D B  0 0 8 2  

2 D B  0 0 8 3  
CALCULATES TtiF FLUX I N  S P E C I F I E C  GROUP* I T  IS C A L L E U  ZL1B 0 0 8 4  
BY OUTER AND C A L L S  I F L U X N .  2 D B  0 0 0 5  

2DB 0 0 8 6  
CALCULATES C O E F F I C I E N T S  FOR THE FLUX ECJUATION* I N h E K l  2 D B  0 0 8 7  
I S  CALLED BY OUTER. 2DE3 0 0 8 8  

2DB  0 0 8 9  
CALCULATES THE FLUX I N  S P E C I F I E C  GROUP. I T  I S  C A L L E D  2 D B  0 0 9 0  
BY CUTER AND C A L L S  I F L U X N .  



I lvNERP 

I FLUXN 

CNNP 

5 8 8 4 7  

PRT 

GRAM 

I NPB 

AVERAG 

N I N P  
NOUT 
N C R l  
NFLUX 1 
NSCR AT  
ALA 
DO7 
CNT 
CVT 
DAY 
DELT  
E O ( I G P )  
E l ( I G P )  
E 2 ( I G P )  
E 3 ( I G P )  
E 4 ( I G P )  
E 5 ( I G P )  
E 6 (  I G P )  
E 7 ( I G P )  
E 8 (  I G P )  
E 9 ( I G P )  

CALCULATES THE FLUX I N  S P E C I F I E D  GROUP FOR P E R I O D I C  B. C.2DB 0 0 9 3  
I T  I S  C A L L E D  BY OUTER AND C A L L S  I F L U X N .  ZDB 0 0 9 4  

2 D B  0 0 9 5  
SUBROUTINE  TO N O R M A L I Z E  THE F L U X E S  BEFORE EACH 2DB 0 0 9 6  
GROUP F L U X  CALCULAT ION.  I T  I S  CALLED BY  I N N E R *  I N N E R 2 ,  2DB  0 0 9 7  
AND INNERP.  2DB  0 0 9 8  

2DB 0 0 9 9  
PERFORMS CONVERGENCE T E S T S ( S 8 5 1 )  AND COMPUTES A  NEW 2DB 0 1 0 0  
E I G E N V A L U E  FOR SEARCH O P T I O N S I S 8 5 2 ) .  CNNP I S  CALLED 2DB 0 1 0 1  
BY CALC AND C A L L S  E R R 0 2  AND CLEAR. 2DB  0 1 0 2  

2DB  0 1 0 3  
F I t ' r A L  P R I N T  SUBROUTINE- -PR INTS  THE MONITOR L I N E *  2 D B  0 1 0 4  
GROUP F L U X E S *  TOTAL  F L U X *  POWER D E N S I T Y *  AND F I S S I O N  2DB 0 1 0 5  
5OURCE RATE. I T  I S  C A L L E D  BY CALC AND C A L L S  P R T *  5 8 8 3 0 9  2DB  0 1 0 6  
AND 5 8 8 4 7 .  2 0 8  0 1 0 7  

2DB  0 1 0 8  
s U B R O U T I N E  TO COMPUTE AND P R I N T  GROUP TOTALS. S 8 8 4 7  I S  2 0 8  0 1 0 9  
C A L L E D  BY 5 8 8 5 0 .  2DB  0 1 1 0  

2DB  0 1 1 1  
SUBROUTINE  TO P R I N T  ANY I M * J M  ARRAY. I T  I S  C A L L E D  B Y  2DB  0 1 1 2  
S 8 8 5 C .  2 0 8  0 1 1 3  

2DB 0 1 1 4  
CALCULATES AND P R I N T S  THE YASS OF EACH M A T E R I A L  I N  EACH 2 D B  0 1 1 5  
ZONE AND THE ZONE VOLUME. I T  I S  CALLED BY CALC AND 2DB 0 1 1 6  
C A L L S  CLEAR. 2DB  0 1 1 7  

2DB  0 1 1 8  
s U B R O U T I N E  TO READ AND P R I N T  THE I N P U T  BURNUP DATA. I T  2DB  0 1 1 9  
I S  CALLED BY CALC. 2DB  0 1 2 0  

2 D B  0 1 2 1  
AVERAG CALCULATES ZOkE  AVERAGED F L U X E L *  F I S S I O N  CROSS 2DB 0 1 2 2  
S E C T I O N S r  ABSORPTION CROSS S E C T I O N S *  AND BREEDING R A T I O .  2DB  0 1 2 3  
THE SUaROUTINE  I S  C A L L t D  BY CALC. 2 D B  0 1 2 4  

2DB 0 1 2 5  
S U d R O U T I h E  TO CALCULATE Tt iE  T I M E  DEPENDENT l S O T O P I C  2DB  0 1 2 6  
COhCENTRATIONS.  MARCH I S  C A L L E D  bY  C A L C .  2DB  0 1 2 7  

2DB  0 1 2 8  
* I N T E R N A L  V A R I A B L E S  * * 9 * * 2DB 0 1 2 9  

2DB 0 1 3 0  
I U P U T  TAPE 2DB 0 1 3 1  
OUTPUT TAPE 2 D B  0 1 3 2  
CROSS S E C T I O N  TAPE 2 0 8  0 1 3 3  
FLUX TAPE 2DB 0 1 3 4  
SCRATCH TAPE 2DB 0 1 3 5  
LAMBDA 2DB 0 1 3 6  
USED FOR I N T E R N A L  COMPUTATION I N  F I S C A L  AND I N I T  2DB  0 1 3 7  
CONVERGENCE TR IGGER FOR LAMBCA 2DB 0 1 3 8  
CONVERGENCE TR IGGER 2 D B  0 1 3 9  
BURNUP T I Y E  I N  DAYS 2 D B  0 1 4 0  
LENGTH OF T I M E  STEP ( D A Y S )  2 D B  0 1 4 1  
F I S S I O N  RATE 2DB  0 1 4 2  
F I S S I O N  SOURCE 2 D B  0 1 4 3  
IN -SCATTER 2 D 6  0 1 4 4  
OUT-SCATTER 2DB 0 1 4 5  
ABSORPTIONS 2DB 0 1 4 6  
L E F T  LEAKAGE 2 D B  0 1 4 7  
R I G H T  LEAKAGE 2DB 0 1 4 8  
TOP LEAKAGE 2DB 0 1 4 9  
BOTTOM LEAKAGE 2 D B  0 1 5 0  
TOTAL  LEAKAGE 2DB 0 1 5 1  



E-4 BNWL-831 

E 0  1 TEMPORARY 2 D B  0 1 5 ,  
E 0 2  TEMPORARY 2 D B  0 1 5 3  
E 0 3  TEMPORARY 2 D B  0 1 5 4  
E  Q TEMPORARY F O R  5 8 5 2  ( C N N P )  2 D B  0 1 5 5  
E V P  P R E V I O U S  E I G E N V A L U E  2 D B  0 1 5 0  
E V P P  E I G E N V A L U E  FOR TWO I T E R A T I O N S  B A C K  2 D B  0 1 5 7  
F E F  ENERGY R E L E A S E D  P E R  F I S S I O N  ( = 2 1 5  M E V )  2 D B  0 1 5 8  
GB AR GROUP I N D I C A T O R  F O R  T A P E  M O T I O N  I N  5 8 2 4  ( O U T E R )  Z D B  0 1 5 9  
G L H  M A X I M U M  T I M E  I N  S E C O N D S  2 D B  0 1 6 0  
I G E P  I G E  + 1 Z D B  0 1 6 1  
I G P  I G M  + 1 2 D B  0 1 6 2  
I G V  GROUP I N D I C A T O R  FOR I N N E R  A N D  O U T E R  2 D B  0 1 6 3  
I H S  P O S I T I O N  O F  S I G M A  S E L F  S C A T T E R  2 D B  0 1 6 4  
I HT P O S I  T I O N  O F  S I G M A  TRANSPORT Z D B  0 1 6 5  
I I I N N E R  I T E R A T I O N  COUNT FOR A  S I N G L E  GROUP 2 D B  0 1 6 6  
I MJM I Y * J M  2 D B  0 1 6 7  
I P I M  + 1 2 D B  0 1 6 8  
I TEMP TEMPORARY 2 D B  0 1 6 9  
I TEMP 1 TEMPORARY 2 D B  0 1 7 0  
I T E M P 2  TEMPORARY 2 D B  0 1 7 1  
I T L  C R O S S  S E C T I O N  T A B L E  L E N G T H  2 D B  0 1 7 2  
I Z P  I Z M  + 1 2 D B  0 1 7 3  
J P J M  .+ 1 2 D B  0 1 7 4  
KO 7  TEMPORARY STORAGE FOR G C 7  2 D B  0 1 7 5  
APAGE P A G E  COUNTER FOR M O N I T O R  P R I N T  2 D B  0 1 7 6  
L A P  L A M B D A  FOR P R E V I O U S  E I G E N V A L U E  2 D B  0 1 7 7  
L A P P  L A M B D A  FOR TWO I T E R A T I O N S  B A C K  2 D B  0 1 7 8  
L  AR L A M B D A  FOR P R E V I O U S  I T E R A T I O N  2 D B  0 1 7 9  
L  C  LOOP COUNT ( T O T A L  1 1  I N  A  S I N G L E  OUTER I T E R A T I O N )  2 D B  0 1 8 0  
!,I L PCR + blTP 2 D B  0 1 8 1  
PJCON N E G / Z E R O / P O S = T A K E  T I K E  S T E P  OF D E L T / E N D  O F  P R O B L E M /  2 D B  0 1 8 2  

T A K E  T I M E  S T E P  O F  O E L T  AND R E A D  BURNUP D A T A  2 D B  0 1 8 3  
NGOTO T E Y P O R A R Y  2 D B  0 1 8 4  
NPRT O / l = P A R T I A L  P R I N T / F U L L  P R I N T  2 D B  0 1 8 5  
ORFP O R F  FOR 1 - L A M B D A  L E S S  T H A N  1 0 * E P S  2 D B  0 1 8 6  
P O 2  O U T E R  I T E R A T I O N  COUNT 2 D B  0 1 8 7  
P 6 A R  T E P P O R A R Y  2 D E  0 1 8 8  
S 3 4 R  TEMPORARY ~ D B  0 1 8 9  
SK7  SUM O F  K 7  OVER A L L  GROUPS 2 D B  0 1 9 0  
T O 6  C / l = N O T  D E L T A / D E L T A  C A L C U L A T I O N  2 0 5  0 1 9 1  
T 7  A L P H A / V E L O C I T Y  2Di? 0 1 9 2  - 
111 P R E V I O U S  F I S S I O N  T O T A L  2 D B  0 1 9 3  
TEMP TEMPORARY 2 D B  0 1 9 4  
TEMP 1 T E V P O R A R Y  2 D B  0 1 9 5  
T E M P 2  TEMPORARY 2 D B  0 1 9 6  
T E M P 3  TEMPORARY 2 D B  0 1 9 7  
TEMP 4  TEMPORARY 2 D B  0 1 9 8  
T I  T  I P.1 E  2 D B  0 1 9 9  
TSC ( M W - S E C ) / ( F I S S I O N S l  2 D B  0 2 0 0  
V 1 1  T O T A L  SOURCE FOR T H E  GROUP 2 D R  0 2 0 1  

2 D B  0 2 0 2  
* * * * * I N P U T  V A R I A B L E S  ( C A R D S  1 - 5 )  * * * * * 2 D B  0 2 0 3  

2DFi Q204 
I D ( 1 1 )  I D E N T I F I C A T I O N  C A R D  2 D B  0 2 0 5  
1.1 A  X T M A X I M U M  T I M E  I N  M I N U T E S  2 D B  0 2 0 6  
A 0 2  O / l = F L U X  C A L C U L A T I O h / A D J O I N T  C A L C U L A T I O N  2 D B  0 2 0 7  
1 0 4  E I G E N V A L U E  T Y P E  ( 1 / 2 / 3 / 4 / 5 = K E F F / A L P H A / C O N C E N T R A T I O N / 2 D B  0 2 0 8  

D E L T A / B U C K L I b I G  2 D B  0 2 0 9  
5 0 2  P A R A M E T R I C  E I E E N V A L U E  T Y P E  ( C / l / Z = N O N E / K E F F / A L P H A )  2 D B  0 2 1 0  



I G E  
I 1.1 
J 
I ZCl 
1"l T 
NO 1 
6 3 1  
0 0 2  
8 0 3  
b 0 4  
I Z 
J Z 
E  V  
EVP.1 
5 0 3 
GLCK 
L A L  
L  AH 
E P S  
E P S A  
GO6 
POD 
O R F  
so 1 

ATW ( IUiL 
i l O L N  I M L )  
A L A V  ( M L )  
C O (  I T L 9 M T )  
NO(IM9JP.1)  
N Z (  I M v J C I )  
A O ( I P )  
A 1  ( I ?fl, 

F O ( I I V 1 9 J h O  
F i (  J V 9 J M I  
I 3 ( 1 4 0 1 1  
I l ( r 4 0 1 )  
I 2 ( M a 1 )  
I 3 ( " 1 3 1 )  
k O ( I G W )  
K 7 (  I G C i )  

( If.: 9 J?4) 
I",2 I I LM 
R 3 ( I P )  
R l ( I P )  
H Z (  I l i !  

K J M B E R  OF GROUPS 
NUMBER O F  D O W N S C A T T E R I N G  TERMS 
NUMBER O F  M A T E R I A L S  FROM CARDS 
N U Y B E R  OF M A T E R I A L S  FROM T A P E  
FLUX GUESS ~ / ~ / ~ / ~ = N O N E / X ( R ) * X ( Z ) / X ( R , Z # E ) / X ( R , Z # E )  2 D B  0215 
FROM T A P E  2 D B  0 2 1 6  
O U T E R  I T E R A T I O N  MAX 2 D B  0 2 1 7  
I N N E R  I T E R A T I O N  MAX P E R  GROUP 2 D B  0 2 1 8  
I 1  M A X  PER GROUP FOR 1 - LAMBDA G R E A T E R  T H A N  1 0 * E P S  2 D B  0 2 1 9  
F L U X  DUMP ~ / ~ / ~ / ~ / ~ = N O N E / C A R D S / C A R D S + I ~ / T A P E /  2 D B  0 2 2 0  
T A P E + I 2  2 D B  0 2 2 1  
GEOMETRY ( 0 / 1 / 2 = X - Y / R - Z / R - T H E T A )  2 D B  0 2 2 2  
NUMBER OF R A D I A L  I N T E R V A L S  2 D B  0 2 2 3  
\UMBER O F  AXIAL I N T E R V A L S  2 D B  0 2 2 4  
N U P 3 E R  O F  M A T E R I A L  Z O N E S  2 D B  0 2 2 5  
T O T A L  NUMBER O F  M A T E R I A L S  I N C L U D I N G  M I X E S  2 D B  0 2 2 6  
h J M B E R  OF K I X T U R F  S P E C I F I C A T I O N S  2 D B  0 2 2 7  
L E F T  BOUNDARY C O h D I T I O N  ( O / l = V A C U U M / R E F L E C T I V E )  2 D B  0 2 2 8  
R I G H T  BOUNDARY C O N P I T I O N  ( O / l = V A C U L M / R E F L E C T I V E )  2 D B  0 2 2 9  
TOP BOUNDAPY C O N D I T I O N  (0/1/2=VAC/REFL/PERIODICl2DB 0 2 3 0  
B O T T O q  BOUNDARY C O N D I T I O N  (0/1/2=VAC/REFL/PERIODIC)2DB 0 2 3 1  
P A D I A L  ZONES ( D E L T A - O P T I O h  O N L Y )  2 D B  0 2 3 2  
A X I A L  Z O N E S  ( D E L T A - O P T I O N  O N L Y )  2 D B  0 2 3 3  
FIRST EIGENVALUE GUESS 2 D B  0 2 3 4  
L I G E N V A L U E  M O D I F I E R  2 D B  0 2 3 5  
P A R A P E T R I C  E I G E N V A L U E  2 D B  0 2 3 6  
B U C K L  I NG 2 D B  0 2 3 7  
L A M B D A  LOWER 2 D B  0 2 3 8  
L A M B D A  U P P E R  2 0 0  0 2 3 9  
E I G E N V A L U E  CONVERGENCE C R I T E R I A  2 D B  0 2 4 0  
P O I N T d I S E  CONVERGENCE C R I T E R I A  2 D B  0 2 4 1  
I N N E R  I T E R A T I O N  T t S T  ( I F  L E U 0 9  N O  T E S T 1  2 D B  0 2 4 2  
P A R A P E T E R  O S C I L L A T I O N  DAPPER 2 D B  0 2 4 3  
O V E R - R E L A X A T I O N  F A C T O R  2 D B  0 2 4 4  
YEG/POS=PO*%'ER OdWT 1 / N E U T R O N  SOURCE R A T E  2 D B  0 2 4 5  

2 D B  0 2 4 6  
P S ~ R I P T F D  V A R I A ~ L F S  + * * x * 2 D B  0 2 4 7  

2 D B  0 2 4 8  
V A T E R I A L  A T O M I C  k E I G H T  2 D B  0 2 4 9  
" A T t R I A L  NAME 2 D B  0 2 5 0  
D E C A Y  CONSTANT ( U A Y S - 1 1  2 D B  9 2 5 1  
C R O S S  SECTION A R R A Y  FOR CURRENT G ~ Y C U P  2 D B  0 2 5 2  
T O T A L  F L L X  ( O L D )  2 D B  0 2 5 3  
T O T A L  F L U X  ( N E . . )  2 D B  0 2 5 4  
R A D I A L  AREA E L E k ' E h T  2 D B  0 2 5 5  
A X I A L  HREA E L E P E h T  2 D B  0 2 5 6  
F I a - I O N S  ( O L D )  2 D B  0 2 5 7  
FI~SIONS ( N F ~ )  2 D 8  0 2 5 8  
M I X  NUMBER 2 D B  0 2 5 9  
W A T E R I A L  NUMBER FOR X I X  2 D B  0 2 6 0  
V A T F R I A L  D E h S I  TY 2 D B  0 2 6 1  
M A T E R I A L  D E N S I T I E S  FOR GRAM C A L C U L A T I O N  2 D B  0 2 6 2  
F I S S I O N  SPECTRUM ( E F F E C T I V E )  2 0 8  0 2 6 3  
F I S S I O h  SPECTRUM ( I N P U T )  2 D B  0 2 6 4  
ZONE U U ~ ~ F E R S  2 D B  0 2 6 5  
P A T E R I A L  QUMBERS B Y  ZONE 2 D B  0 2 6 6  
I Y I T I A L  R A D I I  2 D B  0 2 6 7  
CURRENT R A D I I  2 D B  0 2 6 8  
R A D I A L  ZONE N U M B E R S  ( D E L T A  C A L C U L A T I O N  O N L Y )  2 0 0  0 2 6 9  



R 3 ( I Z )  R A D I A L  Z O N E  M O D I F I E R S  ( D E L T A  C A L C U L A T I O N  O N L Y )  2 D B  0 2 7 0  
R 4 ( I M )  A V E R A G E  R A D I I  2 D B  0 2 7 1  
R 5 ( I M )  D E L T A - R  2 D B  0 2 7 2  
S Z ( I M 9 J M )  F I X E D  S O U R C E  2 D B  0 2 7 3  
V O (  I M 9 J M )  V O L U M E  E L E P E N T S  2 D B  0 2 7 4  
V 7 ( I G W )  N E U T R O N  V E L O C I T I E S  2 D B  0 2 7 5  
Z O ( J P )  I N I T I A L  A X 1 1  2 D B  0 2 7 6  
Z 1  ( J P )  C U R R E N T  A X 1  I 2 D B  0 2 7 7  
z 2 ( J b ! )  A X I A L  Z O N E  N U M B E R S  ( D E L T A  C A L C Y L A T I O ' !  O N L Y )  2 D B  0 2 7 8  
Z 3 ( J Z )  A X I A L  Z O N E  M O D I F I t R S  ( D E L T A  CP.LCL1LAT IO IU  O N L Y )  2 3 8  0 2 7 9  
Z 4 (  J M )  A V E R A G E  A X 1  I 2 D B  0 2 8 0  
L 5 ( J M )  D E L T A - z  2 D E  0 2 8 1  
C Y S (  I M 9 J M 9 3 )  C O N S T A N T S  I N V O L V I K G  C R O S S  S E C T I O N S  F O R  F L U X  C A L C .  2 D B  0 2 8 2  
V O L (  I Z M )  Z O N E  V O L U M E  ( L I T E R S )  2 D B  0 2 8 3  
P A S S  ( M L *  I Z k :  I ' 4 A T E R I A L  I N V E N T O R Y  I h  E A C H  Z O N E  2 D B  0 2 8 4  
;utbTN ( i 4 L  ) / $ ' A T E R I A L  h U P B E R  F C R  B U R h A B L E  I S O T O P E S  2 D B  0 2 8 5  
(!BR ( q L  0 / 1 / 2 = N O  E F F E C T / F E R T I L E / F I S S I L E  I S O T O P E  2 D B  0 2 8 6  
L D ( ' 4 L )  S O U R C E  I S O T O P E  F C R  D E C A Y  2 D B  0 2 8 7  
L C Y ( P t L 9 2 1  S O U R C E  I S O T O P E S  F O R  C A P T U R E  2 D B  0 2 8 8  
L F N  ( M L  9 7  ) S O U R C E  I S O T O P E S  F O R  F I S S I O N  2 3 8  0 2 8 9  
P H I ?  ( IZ;), Z O N E  A V E R A G E D  F L U X  2 C B  0 2 9 0  
A X s  ( i , L  9 I L;I  I SPECTRUiv l  P V E F i A G E D  A F S O H P T  1OF.I C R 3 5 S  S E C T  I O N  2 D B  0 2 9 1  
F X ~ ( M L  9 I L M )  ~ P F C T R U V  P V E R A G E n  F I S S T O V  C R O S S  S ~ C T I O N  in9 0 2 9 2  
/ * lA5SP ( tk:L 9 I Z i v ;  M A T E R I 4 L  I N V E N T O R Y  I N  E F C F  Z O N E  ( P R E V I C U S  2 D 5  0 2 9 3  
CXR ( JlJ C O N S T A N T S  F C R  R I G P T  S O G h D P R Y  2 D B  3 2 9 k  
C X T (  I N ; )  C O N S T A N T S  F O S  T O ?  R G U N D A R Y  2 [ ) B  C 2 Y 5  
H , ~ ( I M  OR J V )  T E P D  S T O R A G E  F O R  L I N E  I N V E R S I C O  2 D E  0 2 9 6  
P A (  I I ~ '  OR J Y )  TECI? S T C R A G E  F O R  L I N E  I? !VERSICr l - J  2 D 5  0 2 9 7  

2 D B  0 2 9 8  
I N C L U Z E  AGC 2 D b  0 2 9 9  
C3Vl. ION A ( 2 5 ~ u . i )  2 D 5  0 3 0 0  
U I > < E N 5 I C i V  J L P T A 3  ( 2 1  1 2 D B  0 ? 0 1  
C A L L  S E T C R ( ~ ~ ~ ~ ~ J ~ L , ~ ~ ~ , L C ~ * J L P T A B )  2 D B  0 3 0 2  
C A L L  S E T C R ( 4 * 5 7 7 \ , b b * 5 2 3 3 O , J L P T A E ( R !  ) 2 3 6  0 3 0 3  
C A L L  S E T p R ( 8 9 6 2 9 i a ~ 9 5 b 0 0 O L 9 J L P T A B I 1 5 ) )  2 D B  0 3 0 4  
CONT I N U E  2 D B  C ? 0 5  
R E W I N D  ? 2 D 3  0 3 0 6  
R E k I N ?  4  2 D B  2 3 0 7  
2 E W I N D  e 2 3 2 ,  
C A L L  E T I b ' E  2 - 5  ~i - ~y'; 
C A L L  IP;P 2 3 ~  a s l n  
C A L L  I h I T ( P ( L K 6 1 9  P ( L K 7 1 9  A ( L I O ) ,  A ( L I 1 1 9  A ( L I 2 ) 9  A ( L h I 8 2 ) 9  P ( L M 2 1 9  2 C S  0 3 1 1  

1 A L L N O ) ,  A ( L R O 1 9  A ( L R 1 ) 9  A ( L R Z ) ,  A ( L R 3 ) 9  A ( L R 4 ) y  A ( L K 5 1 9  2 C ' B  0 3 1 2  
2  A ( L Z O ) *  A ( L Z 1 ) g  A ( L Z 2 ) *  A ( L Z 3 ) *  A ( L Z 4 ) v  A ( L Z 5 ) s  A ( L A O I 9  2 3 F  0 3 1 3  
2 A ( L A : ) g  / , ( L F O ) ,  A ( L C 2 ) '  , l ( L V G ) *  1  T ! -  9 1 x 9  A ( L V ~ ) ~  2 D R  0 3 1 k  
4  J Y  9 ,? T ) 2313 0 3 1 5  

C A L L  F I S C A L  ( A ( L N O ) p A ( L F O )  * A ( L V O )  , A ( L C O )  9 I I L K 5 )  9 2 0 6  0 3 1 6  
2 A ( L Y O )  , A ( L b A Z )  ~ I T L ~ M T )  2 D P  0 3 1 7  

C A L L  i.;Ci< I TOR P R I N T  2 2 6  0 3 1 8  
C A L L  5 8 e 3 L ,  2 P B  0 3 1 9  
GO T O  ( li- 9 1 16 9 l i ' h  9 1 0 7 )  9 N G O T G  ? r \ ?  0 3 2 0  
C A L L  E R R 0 2  (hH+evr)P.IPR 9 1 0 6  9 1 )  Z D 3  0 3 2 1  
P E R F O R b i  AM O U T E R  I T E R P T I O N  203 0 3 2 2  
C A L L  O G T E S (  A ( L A S I 9  A ( L A 1 ) 9  A ( L C O ) *  b ( L F O ) ,  A ( L K 5 ) g  295 0 3 2 3  

1 A I L M O )  9 A ( L V 2 )  9 A ( L N O ) 9  A ( L l \ ; 2 )  9 2 D 6  0 3 2 4  
2  A ( L S 2 ) 9  A ( L V 0 ) s  A ( L V 7 ) 9  A I L Z 5 ) g  2 3 8  0 7 2 5  
3 A 1  L F 2 )  9 I T L ~  IblT, A  ( L C X S )  9 I 'v :~ J M 9  A ( L K ~ )  9 / ' !  L K ~ )  9 2 D E  0 3 2 6  
4 A ( L Z 4 1 9  A ( L C X R ) ,  A ( L C X T I  v A ( L k . A ) $  J I L P A ) )  2 5 9  0 7 2 7  

P E R c O R M  F I S S I O N  C A L C U L A T I O N  2 2 2  P 3 ? 8  



CALL F ISCAL ( A ( L N ~ ) ~ A ( L F O )  * A ( L V G )  * A ( L C O )  , A ( L K 6 )  9 2 D B  0 3 2 9  
2  A ( L M L )  * A ( L M 2 ) * I T L 9 M T )  2DB 0 3 3 0  

C  PERFORF' CONVERGENCE AND NEW DARAMETFR CALCUL4TIONS 2DP 0 3 3 1  
CALL CNKP ( A (  LF2 1 9  A (  LK61 2DB 0 3 3 2  
GO TO ( 1 0 0 9  1019  1 0 2 1 9  NGOTO 2DB 0 3 3 3  

C  1 0 0 / 1 0 1 / 1 ~ 2 = F I N A L  DRINT/I"ONITOR PRINT/SEARCH CALCUL4TIGPu 2DB 0 3 3 4  
1 0 u  CALL S ~ ~ ~ U [ A ( L F ~ ) ~ A ( L N ~ ) ~ A ( L R ~ ) , A ( L Z ~ ) ~ A ( L R ~ ) ~ A ( L Z ~ ) ~  2 0 8  0 3 3 5  

1 I M , J K ~ A ( L Y Z ) ~ A ( L C O ) , P ( L N O )  , A ( L M O ) , A I L M Z ) ~ A ( L F O ) , I T L ~ ~ ~ ~ T )  Z D B  0 3 3 6  
CALL GRAi4 ( A  ( L I ~ A S S  ) 9 A  ( LVOL ) 9 A  ( LATh 9 A  ( LHCLN ) 9 I Y 9 Jb? 9 2DB 03'37 

1 A ( L r 1 0 ) 9  A ( L M 2 1 9  A ( L V O ) *  A ( L I G 1 9  R ( L I l ) *  A ( L I 2 ) 9  "L9 ZCiB 0 3 3 8  
2  A I L 1 3 1  2DE C339 

CALL I N P B ( A ( L I 4 A T N )  ,A(LI'JBR) , A I L L O )  * A ( L L C N )  qA(LLFI\:)  9A(LALAP1) 9 2De 0 3 4 3  
1 A lLHOLN)  V Y L ~ A I L I Z )  2DB 0 3 4 1  

I F ( N C 0 N )  1 7 C 9 1 9 1 7 0  2DB 0 1 4 2  
1 7 0  CALL A V E R A G ( A ( L P H I ~ ) ~ A ( L A X S ) , P ( L F X S ) , P ( L M A T N I A L ~ A S S L A T  2DB 0 3 4 3  

1 A ( L V C I L ) ~ A ( L C O ) ~ A ( L N ~ ) ~ A ( L I ~ O ) Y A ( L V O ) , A ( L H ~ L Y ) ~ I ~ L , I T L ,  2 3 6  ('344 
2 A(LNE?R 1 )  233 0 3 4 5  

CALL M A R C H [ A ( L P H I E ) 9 A ( L M A T N ) * A ( L F X L )  Y : ~ ( L A X ~ ) ~ A ( L V O L ) Y F , ( L F I A S S ) ~  2:'F: 0 3 4 5  
1 A ( L M A S S P ) * A ( L A L A Y ) r A ( L L D )  9 A ( L L C N ) , A ( L L F N ) 9 M L 9  LDB 5 3 4 7  
2 A ( L I u ) 9 k ( L I 1 ) 9 A ( L I 2 ) 9 A [ L N 2 ) )  2DP 0 3 4 8  

GO TO 1 0 2  2 D B  0 3 4 9  
END 2 - 1  0 3 5 0  - 



E-8 BNYL-831 

FOR I N P 9 I N P  2DB  0 3 5 1  
SUBROUTINE  I N P  2DB  0 3 5 2  
I N C L U D E  ABC 2DB 0 3 5 3  
COMMON A  ( 2 5 0 0 0  2DB  0 3 5 4  
T H I S  S U B R O U T I N E  CONTROLS THE R E A D I N G  OF A L L  I N P U T  DATA 2DB  0 3 5 5  
NCR1 = 3  2DB 0 3 5 6  
NSCRAT = 4  2DB  0 3 5 7  
N I N P  = 5  2DB  0 3 5 8  
NOUT = 6  2 D B  0 3 5 9  
N F L U X 1  = 8 2 D B  0 3 6 0  
WRITE  (NOUT,!?)  2 D B  0 3 6 1  
FORMAT ( 1 H 1 )  2 D B  0 3 6 2  
W R I T E ( N O U T ,  1 0 )  2DB 0 3 6 3  
F O R M A T ( 4 2 X 9 3 5 H  * * * * 2 D B  * * * + / / /  ) 2DB  0 3 6 4  
R E A D ~ N I N P * ~ ~ )  ( 1 ~ 1 1  ) 9 1 = 1 * 1 1 ) ,  MAXT 2DB  0 3 6 5  
F O R M A T ( l l A 6 t I 6 )  2DB  0 3 6 6  
W R I T E ( N O U T * 3 0 )  ( I D ( I ) * I = l * l l ) *  MAXT 2DB  0 3 6 7  
F O R M A T ( l d X 9 1 H  , l l A 6 9 1 6 / )  2DB  0 3 6 8  
R F A D ( N I N P , ~ ~ )  ~ 0 2 9  1 0 4 9  S o 2 9  I G V *  NXCM* P C R *  G T P *  ~ ~ 0 7 9  0 0 5 ,  2 D R  9 3 6 9  

1 ~ 0 7 '  s u 4 9  NPUN*  I G F *  I M *  J M *  IZV* M T ~  lYO1' R o l *  ~ 0 2 9  ~ 0 3 7  B 0 4 r  2 3 R  0 3 7 0  
2  1 2 ,  J Z  2 D B  0 7 7 1  

FORMAT(  1 2 1 6 )  2 9 B  0 3 7 2  
n p I T E ( N O U T * 6 0 !  A 0 2 9  I 0 4 9  5 0 2 ,  I G M *  NXCM, VCR 2DB 0 3 7 3  
FORPAT ( 2DB  3 3 7 4  

1 9 2 1  A 0 2  O / l = R E G U L A R  C A L C U L A T I O N / A D J O I N T  C A L C U L A T I O N  2DH 0 3 7 5  
2  1 9 1  2DR 0 3 7 6  
3 9 2 H  I 0 4  E I G E N V A L U E  TYPE ( 1 / 2 / 3 / 4 / 5 = K E F F / A L P H A / C O N C E N T R A T I 0 2 D P  0 3 7 7  
4 N / D E L T A / B U C K L I N G )  1 9 /  2 D B  0 3 7 8  
5 9 2 h  5 0 2  PARAMETRIC  E I G E N V A L U E  TYPE ( 0 / 1 / 2 = N O N E / K E F F / A L P H A ) 2 D E  0 7 7 9  
6  I 9 /  2 n 3  0 3 8 0  
7 9 7 H  I G M  NUMBER OF GROUPS 2DE 0 3 8 1  
8 I 9 /  2DB  0 3 8 2  
9 9 2 H  NXCM NUMBER OF DOWNSCATTERING TERMS 2 D 6  0 3 8 3  
1 I 9  / 2DB 0 3 8 4  
2 9 2 H  MCR NUMBER CF M A T E R I A L S  FROV CARDS 2 3 8  0 3 8 5  
3 1 9 )  2DB 0 3 8 6  

W ~ I T F ( I \ I ' I U T , ~ ~ )  M T P *  M e 7 9  0 0 5 9  ~ @ 7 9  S'?/+, N P U ~  7nt7 0 1 ~ 7  
FORMAT ( 2DP 0 3 8 8  

1 9 2 H  MTP N U M B f R  OF M A T E R I A L S  FROP TAPE 2CB 01385 
2  I 9 /  2DB  0 3 9 0  
3 9 7 H  Po7 FLUX GUESS (~/~/~/~=NONE/X(R)*X(Z)/X(R,Z,E 0 3 9 1  
4 1  FROM T A P E )  I 9 /  2 D 0  0 7 9 2  
5 9 2 H  D L 3  OUTER I T E R A T I O N  MAX 2 D B  0 3 9 3  
6  1 9  / 2DB  0 3 9 +  
7 9 2 F  G o 7  I N N E R  I T E R A T I O N  >4AY PER GROUP 2 D @  0 3 9 5  
8 I 9 /  2 D P  0 7 9 6  
9 9 2 H  5 0 4  1 1  MAX PER GROdP FOR 1 - LA,Y?DA GRFATER TPAN 1 0 * E P S 2 D B  0 3 9 7  
1 I Y /  2DR 0 3 9 8  
2 9 2 H  N P U h  F L U X  DUMP ( 0 / 1 / 2 / 3 / 4 = N O N E / C A R D S / C P P D S + 1 2 / T A P E / T A P r + ?  f l 3 9 9  
3 1 2 )  1 9 1 )  2DB  0 4 0 0  

~ + R I T E ( N O U T * ~ ~ )  I G E 9  I M ,  JM9 I Z M *  M T *  f421 2DR 0 4 0 1  
F O R P A T  ( 2DB  0 4 0 2  

1 9 2 4  I G E  GEOVETRY ( 0 / 1 / 2 = X - Y / R - L / R - T H E T A )  2 0 R  0 4 0 3  
2  1 9 1  ?DB  0 4 0 4  
3 9 2 H  I M VUMBER OF R A D I A L  I N T E R V A L S  2DE  C 4 0 5  
4  1 9 1  2DB  @LOO 
5 9 2 H  J M hUKBER OF A X I A L  I N T E R V A L S  2 D B  0 4 0 7  
6  I 9  / 2 3 8  0 4 0 0  
7 9 2 H  I Z M  V U M P F R  OF P A T E R I A L  Z O N F S  2 D B  0 4 0 9  



8  I 9 /  2 D B  0 4 1 0  
9 9 2 H  M T  T O T A L  NUMBER OF M A T E R I A L S  I N C L U D I N G  M I X E S  2 D B  0 4 1 1  
1 1 9 1  2 D B  0 4 1 2  
2 9 2 H  M 0 1  NUMBER OF M I X T U R E  S P E C I F I C A T I O N S  2 D B  0 4 1 3  
7  1 9 )  2 D B  0 4 1 4  

W R I T E ( N O U T ~ ~ U )  €3019 8 0 2 9  ~ 0 3 ,  8 0 4 9  I Z ,  J Z  2 D B  0 4 1 5  
F O R M A T  ( 2 D B  0 4 1 6  

1 9 2 H  0 0 1  L E F T  BOUNDARY C O N D I T I O N  ( O / l = V A C U U M / R E F L E C T I V E )  2 D B  0 4 1 7  
2  1 9 1  2 0 8  0 4 1 8  
3 9 2 H  6 0 2  R I G H T  BOUNDARY C O N D I T I O N  ( C / l = V A C U U M / R E F L E C T I V E )  2 D B  0 4 1 9  
4  1 9 1  2 D B  0 4 2 0  
5 9 2 H  8 0 3  TOP BOUNDARY C O N D I T I O N  ( 0 / 1 / 2 = V A C U U M / R E F L E C T I V E 2 D B  0 4 2 1  
6 / P E R I O D I C )  1 9 1  2 D 3  0 4 2 2  
7 9 2 H  0 0 4  B O T T O M  EOUNDARY C O N D I T I O N  ( 0 / 1 / 2 = V A C U U F ! / R E F L E C T I V E 2 D B  0 4 2 3  
8 / P E R I O D I C )  I 9 /  2 D B  0 4 2 4  
9 9 2 H  I Z R A D I A L  ZONES ( D E L T A - O P T I O N  O N L Y 1  2 D B  0 4 2 5  
1 I 9 /  2 D S  0 4 2 6  
2 9 2 H  J Z A X I A L  Z O N E S  ( D E L T A - O P T I O N  O N L Y )  2 D B  0 4 ? 7  
3  I 9 /  I 2 D B  0 4 2 8  

R E A D ( N I N P , ~ U O )  E V ,  EVM9 5 0 3 1  R U C K *  L A L t  L A H t  EPS,  FPSP,  G O 6 9  2 D B  0 4 2 9  
1 P O D *  ORF, S O 1  2D13 0 4 1 0  

F O R M A T ( 6 E 1 2 . 6 )  2 D 8  0 4 3 1  
WRITE IN OUT,^^^) E V ,  E V M *  S O 3 9  RUCK,  LAL, L A H  21)P 0 4 3 2  
FORMAT ( 2 D B  0 4 3 3  

1 9 1 H  E V  F I R S T  E I G E N V A L U E  G U E S S  2 D B  0 4 3 4  
2 I P E l O . L L /  7 D B  0 4 7 5  
3 9 1 H  E V M  E I G E N V A L U E  M O D I F I E R  2 D B  0 4 3 6  
2  1 P E 1 0 . 4 /  2 D B  0 4 3 7  
5 9 1 H  5 0 3  P A R A M E T R I C  E I G E N V A L U E  2 9 0  0 4 3 8  
2  1 P E 1 0 . 4 /  2 D E  ' 2 4 3 9  
7 9 1 H  B U C K  B U C K L I N G  ( C M - 2 )  2 0 8  0 4 4 0  
2  l P E 1 0 . 4 /  2 D 6  0 4 4 1  
9 9 1 H  L A L  L A M B D A  LOWER 2 D B  0 4 4 2  
2 l P E l C . 4 /  Z D B  0 4 4 3  
2 9 1 H  LF\H L A M B D A  U P P E R  2 D E  0 4 4 4  
2  lPE1' ; .4 /  2 D B  0 4 4 5  

 RITEI IN OUT,^^^) E P b 9  E P S A ,  G O 6 9  POD, C R F ,  5 0 1  79E? 0 4 6 6  
FORMAT 1 2 D B  0 4 4 7  

1 9 1 H  E P S  E I G E N V A L U E  CONVERGENCE C R I T t R I A  2 C E  C 4 4 8  
2  l P E 1 0 . 4 I  =Dl? 0 4 4 9  
3 9 1 H  E P S A  P A R A M E T E R  CONVERGENCE C R I T E R I A  ? D B  0 4 5 0  
2 1 P E l O . 4 /  2 C E  0 4 5 1  
5 9 1 H  G O 6  I N N E R  I T E R A T I O N  T E S T  ( T F  ZERO, NO T E S T )  2 D R  0 4 5 2  
2  l P E l O . L /  2 D P  0 4 5 3  
7 9 1 H  POD P A R A M E T E R  O S C I L L A T  I C l d  DAC1PEE 2 D E  OL.54  
2  l P E 1 0 . 4 l  2 D P  0 4 5 5  
9 9 1 H  O R F  O V E R - R E L A X A T I O N  F A C T O R  2DR 0 4 5 6  
2  l P E 1 0 . 4 / -  2 D B  0 4 5 7  
2 9 1 H  5 0 1  N E G A T I V F / P O S I T I V E = P O W E R  ( K W T I / N E U T R O N  SOURCE R A T E  2CR 0 4 5 0  
2  1 P E 1 0 . 4 / )  2 D B  0 4 5 9  

IF(IZ + J Z )  2 3 2 ,  ? l u ,  236 2 D B  0 4 6 0  
I F ( I 0 4  - 4 )  23 '2 ,  2 2 0 9  2 3 0  7 3 8  0 4 6 1  
C A L L  E R R 0 2  ( 6 H * * * I  0 4 9 2 2 0 , l )  2 D 6  0 4 5 2  
CONT I N U E  2 3 P  0 4 6 3  
I ~ ( 5 0 2 )  2 4 0 9  2 6 C g  2 L 0  2 n e  0 4 6 4  
I F ( S 0 3 )  2 6 c 1  2 5 0 ,  2 6 0  2 D B  0 4 6 5  
C A L L  E R R 0 2  ( 6 4 + + * * 5 2 3 , 2 5 0 9 1 )  2 3 8  0 4 6 6  
C O N T I N U E  2 D B  0 4 6 7  
FFTF = 215.c“  2 0 3  0 4 6 3  



TSD = F E F * 1 . 6 ( ~ 2 * 1 0 . * * ( - 1 9 )  
GLH = MAXT*60 
KPAGE = 1013 
I H 5  = 5 
I T L  = NXCM + 5 
I H T  = 4  
I Z P  = I Z M  + 1 
I P  = I M +  1 
J P  = JP, + 1 
M L  = MCR + MTP 
I G P  = IGI4 + 1 
IGEP = I G F  + 1 
I M J P  = IM*JM 
E C  = . u  
LAP = .O 
LAPP = .O 
LAR = 0.0 
DAY = (i.c 
ALA = .0 
LC = d 

PO2 = C 
CVT = . 
CrrT = L 

NCON = 6 
NPRT = 1 
TO6 = i. 

I F ( I O 4 - 4 )  3 1 0 ,  3 0 0 ,  3 1 0  
30C TO6 = 1 
3 ? (  COI\,T I hUE 

I F ( b f 0 7  - 3) ? I 7 9  3 1 1  
3 1 1  REWIND 1 4  
3 1 2  I F l N P U N  - 3 )  3 1 4 9  3 1 3 9  3 1 3  
3 1 3  R E k I N D  1 6  
3 1 4  KO7 = G O 7  

GC)7 = 5 0 4  
ORFP = . 9 * ( C F F  - 1 . 0 )  + 1.0 

C  COMPUTE r i 1 " T h S I O N  POINTERS 
L P T h  = 1 
LHOLh = L A T d  + VlL 
LALAM = LHOLN + ML 
LCC = LALAP + YL 
L N ~  = LCO I T L * Y T  
LN2 = L ' ! ' J  + I MJt.1 
i A b  = LNZ + I P J M  
L A 1  = LAO + I P  
LFO = L A 1  t i I 
L F 2  = LFO + I V J Y  
L I O  = L F ?  + IYJM 
L I 1  = L I O  + h A I J l  

L 1 2  = L I l  + P,"01 
L 1 3  = L 1 2  + " 9 1  
L K 6  = L 1 3  + PO1 
LK7 = L K 6  + ICr.1 

LVO = L K 7  + IGM 
L.47 = LWC + I V J l l  
LPO = i " 7  + I Z V  

L R 1  = LRc) + I P  
LR2 = L R 1  t I P  
L R ?  = L R 2  + TU6*IP'  



L S 2  = L R 5  + I M  
L V O  = L S 2  + I M J M  
L V 7  = L V O  + I M J M  
L Z O  = L V 7  + IGbd 
L Z 1  = L Z O  + JP  
L Z 2  = L Z 1  + J P  
L Z 3  = L Z 2  + J M * T 0 6  
L Z 4  = L Z 3  + J Z * T 3 6  
L Z 5  = L Z 4  + J M  
L C X S  = L Z 5  + J M  
L V O L  = L C X S  + I V J M * 3  
L M A S S  = L V O L  + I Z M  
L M A T N  = L V A S S  + M L K I Z M  
L N B R  = L M A T N  + M L  
L L D  = L N G R  + V L  
L L C N  = L L D  + V L  
L L F N  = L L C M  + M L * 2  
L P H I B  = L L F N  + Y L * 7  
L A X S  = L P H I B  + IiM 
L F X S  = L A X S  + M L * I Z Y  
L P A S S P  = L F X S  + M L V Z P  
L C X R  = L P A S S P  + M L * I Z M  
L C X T  = L C X P  + J Y  
L H A  = L C X T  + I P  
L P A  = L H A  + P A X O ( I P * J M )  
L A S T  = L P A  + M A X L I  I M g J M )  
I T E M P  = 1 + 3 * M L  + I G P * I T L * " T  
I F ( L A S T  - I T F V P )  ? 1 6 r 3 1 8 * 7 1 8  
L A S T  = I T F P P  
W R I T E  ( N O U T 9 3 2 L )  L A S T  
F O R M A T ( 5 b  L P S T 9 1 6 )  
R F A D  C R O S S  S C C T I O h S  A N D  W R I T E  C R O S S  S F C T I O h I  T A P E  
C A L L  S ~ ~ O ( A ( L ~ ~ O ) ~ A ( L C ~ ) ~ I T L ~ I G P ' ~ P / T ~ A ( L A T ~ ) ~ ~ ~ ( L H O L N I ~ A ! L A L A P )  ) 

DO 3 2 5  I = L C O $  L A S T  
A ! I )  = . [J 

REAL) F L U X E S  A N D  W R I T E  F L U X  T A P F  
C A L L  S 8 6 2 ( A \ L b O ) ,  A ( L K O ) ,  A ( L Z C ) )  
' * l R I T E (  N O U T 9 3 3 0 )  
F O R M A T ( 5 1 H J M E S H  B O U N D A R I E S  ( R 3 / Z O = R A O I A L  P U I N T S / A X I A L  P O I N T S )  
R E A D  R A D I A L  I N T E R V t I L S  
C A L L  R E A G 2 ( 6 H  R P , 4 ( L R O ) , I P )  
R F A D  A X I A L  I N T E R V A L S  
C A L L  R E A G Z ( 6 F  Z L J , A ( L Z 8 ) y J P )  
R E A D  Z O N E  N L M S E R S  
h R I T E ( N O U T g ? 4 L )  
F o R M A T ( ~ ~ H u Z O N E  N U M B E R S  R Y  P E S H  I N T C R V P L )  
C A L L  R E A I 2  ( 6 H  ~ ' I J ~ A I  Lk l -1 )  9 I P J b 4 )  
R E A D  P A T E R I P L  N J V S E R S  
W R I T E ( N O U T , 3 5 0 )  
F O R M A T  ( 2 5 H L V A T E R I A L  N U M B E R S  BY L O h E )  
C A L L  R t A I 2 ( 6 r l  Y 2 g A ( L Y 2 ) r I Z M )  
R E A D  F I S S I O h  F R A C T I 3 N S  
d R I T E ( N O L T q 3 6 b )  
F O R M A T  ( 1 7 H u F  I S L I O N  S P E C T R d b l )  
C A L L  R E A G 2 (  6 H  K 7 9 A (  L K 7 )  , I G b 4 )  
R E A D  V E L O C  I T  I EL 
V J R I T E ( N O U T , ~ ~ U )  



F O R M A T ( 1 7 H O N E U T R O N  V E L O C I T Y )  
C A L L  R E A G 2 ( 6 H  V 7 v A ( L V 7 ) s I G M )  

2 D B  0 5 8 7  
2 0 0  0 5 8 8  

I F ( M O 1 )  4 U 0 9  4 0 ~ 9  3 8 0  2 D B  0 5 8 9  
W R I T E ( N O U T 9 3 9 0 )  2 D B  0 5 9 0  
F o R M A T ( ~ ~ H O M I X T U R E  L P E C I F I C A T I O N S  ( I O / I l / I Z = M I X  N U M B E R / M A T .  N U M B E H Z D B  0 5 9 1  

1 F O R  M I X / M A T I R I A L  D E N S I T Y ) )  2 D 9  0 5 9 2  
C A L L  R E A I 2 l h H  I O ~ A ( L I O ) ~ M O ~ )  Z D B  0 5 9 3  
C A L L  R E A 1 2  (613 I l * A ( L I l )  , M o l l  2 D B  0 5 9 4  
C A L L  R E A G 2  ( 6 H  I 2 9 A ( L I 2 )  ,PI01 2 D B  0 5 9 5  
C O N T  I N U E  2 D B  0 5 9 6  
C H E C K  F O R  D E L r C  C A L C U L A T I O N  2 D B  0 5 9 7  
I F ( I O ~  - 4 )  4 G 0 9  4101 440 2 D B  0 5 9 8  
WRIT FIN OUT,^?^) LDR 0 5 9 9  
F O R M A T ( 8 5 H o L E L T A  O P T I O N  D A T A  ( R 2 / 2 2 ; R 3 / 2 3 = R A D I A L / A X I A L  Z O N E  N O S . 2 D B  0600 

l / R A D I A L / A X I P L  'ONE M O D I F I E P S ) )  2 D B  0 6 0 1  
C A L L  R E A I 2 1 6 t  H 2 v A I L K 2 ) 1 I M )  L D B  0 6 0 2  
C A L L  R E A G 2  1 6 H  R3 ,A ( L R 3  1 I Z 2 D H  0 6 0 3  
C A L L  R E A I Z ( 6 H  Z 2 9 f i ( ~ Z 2 )  1 J M )  7 0 P  0604 
C A L L  R E A G 2 ( 6 H  Z 7 q A l L Z 3 ) , J Z )  Z D B  0 6 0 5  
CONT I N U E  Z D B  0 6 0 6  
E Y D  O F  I N P U l  0C .TA  L D t r  0 6 0 7  
C A L L  Y A P R ( A 1 L P J i ' L )  , 4 1 1  M ~ I , I M * J M ~ A I L C O )  1 i [ ) B  Oc,OE! 
I F ( L A ~ T - ~ ~ - ( J ~ )  4 7 0 9  4 7 0 ,  4 5 0  7 0 F  0609 
M R I  T E  I N O U T  , 460  ) 2 D P  P t  113 
F 3 R b 4 A T  ( 2 b1-1 P R O .  KAC' L A P A L  I T Y  E X C E E D E D  .'UH i l o l l  

5 TOP LDU i 6 1 2  
R E T U R N  2 D B  0 6 1 3  
E N D  2 D 8  0 6 1 4  

-- 



E-13 

- I T  FOR ERR029ERR02 
SUBROUTINE ERROZ( H O L t J S U B R t I )  
COMMON N I N P  tROUT t N C R l  tNFLUX1vNSCRAT 
WRITE ( N O U T 9 1 )  HOL 9JSURR 

1 FORMAT(2H * / 9 H  ERROR I N v A 6 9 7 P  A T t I 6 / 2 H  * / 2 H  * )  

GO TO ( 3 9 4 )  91 
3 STOP 
4 RETURN 

END 



E-14 BNWL-831 

FOR S 8 6 0 9 5 8 6 0  2 D B  0 6 2 4  
SUBROUTINE 5 8 6 0  ( C ~ C O ~ J T L ~ J G M ~ J M T ~ A T W , H O L N , A L A M )  2 D B  0 6 2 5  
I N C L U D E  ABC 2 D B  0 6 2 6  
DIMENSION ~ ( J T L ~ J G M ~ J M T ) ~  c O ( J T L ~ J M T ) ~  ATW(I)* H O L N ( l ) *  A L A M ( 1 )  2 D B  0 6 2 7  
D I M E N S I O N  A A ( 9 )  2 D B  0 6 2 8  
T H I S  SUBROUTINE  READS CROSS S E C T I O N S  FROM CARDS* PERFORMS 2 0 8  0 6 2 9  
A D J O I N T  REVERSALS  I F  REQUIRED,  AND W R I T E S  CROSS S E C T I O N  TAPE 2 D B  0 6 3 0  
W R I T E ( N O U T 9 5 )  ( I D ( I 1 9  1 = 1 * 1 1 )  2 D B  0 6 3 1  
F O R M A T ( l H l , l l A 6 9 / / / )  2 D B  0 6 3 2  
I F ( M C R )  1 6 0 9  1 6 0 1  1 0  2DB 0633 
WRITE  (NOUT9  2 0  2 D B  0 6 3 4  
FORMAT ( 3 8 H  THE FOLLOWING N U C L I D E S  ARE FROM C A R D S / )  2DB  0 6 3 5  
DO 5 0  I = l , M C R  2DB 0 6 3 6  
R E A D ( N I N P 9  3 0 )  H O L N I I ) ,  A T W ( I ) *  A L A M ( I ) *  ( A A ( J ) v  J = 1 9 9 )  2DB  0 6 3 7  
A L A M (  I) = A L A P ( I ) / ( 2 4 . * 3 6 6 0 a )  2DB  0 6 3 8  
F O R M A T ( A 6 9  2E6 .29  9 A 6 )  2DB  0 6 3 9  
W R I T E ( N O U T 9  4 0 )  1 9  H O L N ( I ) s  ( A A ( J ) ,  J = 1 9 9 )  2DB  0 6 4 0  
F O R Y A T ( I 3 9  6 x 9  A 6 9  6 x 9  9 A 6 )  2 D B  0 6 4 1  
DO 5 0  I I G = l t I G M  2DB 0 6 4 2  
R E A D ( N I N P 9  6 0 )  ( C ( L * I I G 9 1 ) 9 L = l 9 I T L l  2DE  0 6 4 3  
FORMAT ( 6 E 1 2  5 2DB  0 6 4 4  
CHECK ON CROSS S E C T I O N  CONSISTENCY AND ORDER 7 0 8  0 6 4 5  
I T E M P  = i. 2DB 0 6 4 6  
DO 1 4 0  J = l , V C R  2DR 0 6 4 7  
DO 1 4 0  I = l , I G M  2DR 0 6 4 8  
G  = C I 2 9 1 9 J )  + C ( 5 9 1 9 J )  2DB  0 6 4 9  
DO 1 1 0  K = 1 9  NXCM 2DB 0 6 5 0  
K K =  I + K  2 D B  0 6 5 1  
P = 5 + K  2DB  0 6 5 2  
I F ( K K  - I G M )  1 0 0 9  1 c 0 1  1 1 0  2DB 0 6 5 3  
G  = G + C ( M * K K * J )  2DB 0 6 5 4  
CONT I NUE 2DB 0 6 5 5  
I F ( A R S ( ( G  - C ( ~ ~ I ~ J ) ) / C ( ~ , I , J ) )  - * 0 1 )  1 3 5 ,  1 2 0 ,  1 2 0  2DB  O h 5 6  

1 2 0  I T E M P  = 1 2DB 0 6 5 7  
1 3 0  F O R M A T ( 1 H  / 9 1 6 H  CHECK M A T E R I A L  1 2 9 5 x 9  7 H  GROUP 1 2 )  
1 7 5  I F ( A B S ( ( G  - C ( 4 9 1 9 J ) ) / C ( 4 9 1 9 J ) )  - . 0 0 0 1 )  1 4 0 9  1 1 8 9  1 3 8  
1 3 8  W R I T E ( N O U T 9 1 3 0 )  J c  I 
1 4 0  C O N T I Y U E  

I F  ( I T E M P )  1 6 3 9 1 6 C 9 1 5 0  
1 5 0  C A L L E X I T  
1 6 0  CONTINUE 
C  1 6 u  CALL  RECSZ 
C  A O 2 = 0 / 1 = F L U X  C A L C U L A T I O N / A D J O I N T  C A L C U L A T I O N  

I F ( A ~ ~ )  1 7 3 9  7 8 0 9  1 7 0  
1 7 3  DO 1 9 0  I I G = l , I G M  

I G d A R =  I G M - I  I G + 1  
DO 1 8 0  M = l * Y T  
DO 1 8 0  L = 1 9 I H S  
T E M P = C ( L , I I G * M )  
C I L ,  I I G 9 M ) = C I L , I G k ? A R 9 P )  

1 8 0  C ( L , I G B A R , M ) = T E M P  
I F  ( I G B A R  - I I G  -1) 2 0 0 9  2 0 3 9  1 9 0  

1 9 0  CONTINUE 
2 0 0  CONTINUE 

KK = I T L  - I H S  
I F  ( K K )  2 8 0 9  2 9 0 9  2 1 0  

2 1 0  CONTINUE 
4 0  2 4 0  M = 1 9 V T  
DO 2 4 0  I I G  = 1 9 I G M  

2DB 0 6 5 8  
2 D P  0 6 5 9  
2 0 5  0 6 6 0  
2DB  0 6 6 1  
2DB  0 6 6 2  
2DB 0 6 6 7  
2313 0 6 6 4  
2DB  0 6 6 5  
2 3 8  0 6 6 6  
Z D R  0 6 6 7  
2 0 8  0 6 6 8  
2 D B  0 6 6 9  
ZDB 0 6 7 0  
2DB  0 6 7 1  
2DB  O h 7 2  
2DB  0 6 7 3  
2DB  0 6 7 4  
2DB O h 7 5  
2DB  0 6 7 6  
2DB 0 6 7 7  
2DB  0 6 7 8  
2DR 0 5 7 9  
2 9 8  0 6 8 0  
2DB 0 6 8 1  
2DB 0 6 8 2  



I G B A R  = I G M  - I I G  + 1 
DO 2 4 0  L = 1 * K K  
I F  ( L  - 1 1 6 )  2 2 0 9  2 4 0 9  2 4 0  

2 2 0  I = L + I H S  
I T E M P  = I G B A R  + L 
I F  ( I  I G  - I T E M P l  2 3 0 ,  2 3 0 9  2 4 0  

2 3 6  T E M P  = C ( I *  I I G *  M )  
C ( 1 , I I G y M )  = C ( I 9 I T F M P , M )  
C ( I 9 I T E W P 9 M )  = T E M P  

2 4 u  C O N T I N U E  
C  W R I T E  C R O S S  S E C T I O N  T A P E  
2 8 0  DO 3 0 0  I I G = l , I G M  

DO 2 9 0  M = l * M T  
DO 2 9 0  L = 1 9 I T L  

2 9 0  C O ( L v M ) = C ( L 9 I I G v M )  
3 0 0  W R I T E  ( N C R 1 )  ( ( C G ( L ~ M ) , L = ~ , I T L ) ~ M = ~ , M T )  

R E W I N D  N C R l  
R E T U R N  
E N D  



E-16 BNWL-831 

-1TC FOR 5 8 6 2 9 5 8 6 2  2DB 0 7 0 2  
OUBROUTINE S 8 6 2  ( N O * R F * Z F )  2DB 0 7 0 3  
INCLUDE ABC ZDB 0 7 0 4  
DIMENSION N 0 ( 1 ) 9  R F ( 1 ) 9  Z F ( 1 )  2DB 0 7 0 5  

C  THIS SUBROUTINE R E A D S  THE INPUT FLUXES AND PREPARES A FLUX TAPE 2DB 0 7 0 6  
WRITE ( N O U T 9 5 )  2DB 0 7 0 7  

5  FORMAT ( 1 ~ 1 )  2DB 0 7 0 8  
C  M 0 7 = 0 / 1 / 2 / 3 = N O  FLUX I N P U T / X I R ) * X I Z ) / X ( R ~ Z ~ E ) / T A P E  2DB 0 7 0 9  

KK = ~ 0 7  + 1 2DB 0 7 1 0  
DO 1 0 0 0  I I G  = 1 9  I G M  2DB 0 7 1 1  
GO TO ( 5 0 9  6 0 9  7 0 9  1 2 0 1 9  KK 2r)B 0 7 1 2  

5 0  DO 5 9  I = l $  I M  2DB 0 7 1 3  
D O 5 9  J =  1 9  JM 2DB 0 7 1 4  
ITEMP = ( J  - l ) + I M  + I 2DB 0 7 1 5  

5 9  N O ( 1 T E M P )  = 1.0 2DB 0 7 1 6  
GO TO 2 0 0  2DB 0 7 1 7  

6  0  I F ( I I G  - 1)  6 2 9  6 2 9  6 4  2DB 0 7 1 8  
6 2  W R I T E ( N O U T 9 6 3 )  2DB 0 7 1 9  
6 3  FORMAT(55HOFLUX GUESS ( R F / Z F = T O T A L  R A D I A L  FLUX/T@TAL A X I A L  F L U X )  ) 2 D R  0 7 2 0  

CALL R E A G 2 ( 6 H  R F 9 R F t I M )  2DB 0 7 2 1  
CALL R E A G Z ( 6 H  Z F 9 Z F t J Y )  2DB 0 7 2 2  

6 4  DO 6 9  I = 1 9  I M  2DR 0 7 2 3  
DO 6 9  J = 1 9  JM 2DB 0 7 2 4  
ITEMP = ( J  - 1 ) * I M  + 1 2DR 0 7 2 5  

6 9  N O I I T E M P )  = R F ( I ) + Z F ( J )  2DR 0 7 2 6  
GO TO 2 0 0  2DB 0 7 2 7  

7 0  R E A D I N I N P ~ ~ u O )  ( N O ( I ) ~  I = l *  I M J M )  2DB 0 7 2 8  
1 0 d  F O R M A C ( ~ E ~ ~ . ~ )  2DR 0 7 2 9  

GO TO 2 0 0  2DB 0 7 3 0  
1 2 L  9EAD(  1 4 )  ( N ~ ( I )  9 I = l 9  I M J M )  21lB 0 7 3 1  
2 0 0  ~ J R I T E I N F L U X ~ )  ( N O ( I ) ~  I = l *  I M J M )  2DP 0 7 1 ?  
1 0 U 0  CONT I NUE 2DR 0 7 3 3  

I F ( M L 7  - 3 )  1 0 2 0 9 1 0 1 0 9 1 0 2 0  2DB 0 7 3 4  
1 0 1 0  REWIND 1 4  2DB 0 7 3 5  
1 0 2 0  REWIND N F L U X l  2DB 0 7 3 6  

RETURN 2 D B  0 7 3 7  
END 2DP 0 7 3 8  - 



FOR R E A G 2  9REAG2 
S U B R O U T I N E  K E A G Z I H 3 L L , A R R A Y , N C O U N T )  
DIMFNSION ~ R R 4 Y ( l ) ~ ~ ~ l 2 ) ~ K ( l ? ) ~ I N 1 1 2 )  
COMMON N I N P  9NGUT ,NCR! 9 N F L U X 1 9 N S C R A T  
JFLAG=O 
J = l  
I F ( J F L A G ) ~ ~ , ~ ~ , ~ ~  
DO 3 0  J J = 1 9 6  
K ( J J ) = K (  J J + 6 )  
I N ( J J ) = I N ( J J + 6 )  
v ( J J ) = v I  J J + 6 )  
J F L A G = ~  
GO TO 6 0  
9 E A D  ( N I N P 9 5 U )  ( K ( I ) 9 I N ( I ) 9 V ( I ) 9 1 = 1 , 6 )  
F O R M A T ( 6 1 1 1 9 1 2 9 E 9 . 4 ) )  
DO 1 4 0  I = 1 , 6  
L = K (  I )+1 
GO TO ( 7 d , 8 ~ 9 1 0 0 , 1 5 L ) , L  
NO Y O D I F I C A T I O N  
ARRAY I J )  = V I  I) 
J = J + 1  
GO TO 1 4 0  
R E P E A T  
L = I N  ( I )  
DO 9 0  M = I , L  
A R R A Y ( J ) = V ( I  
J = J + 1  
CONT I NUE 
GO T O  1 4 b  
I Y T F R P O L A T F  
I F ( ? - 6 )  1 2 1 ) 9 1 1 6 * 1 1 0  
RFAD ( N I N P 9 5 C )  ( K ( J J ) , I N ( J J ) , V I J J I & 7 , 1 2 )  
J F L A G =  1 
L = I b ! (  i )+I 
D ~ L = ( V 1 1 + 1 1 - V ( I ) ) / F L O A T  ( L )  
DO 1 3 0  M = I  9 L  

A R R A Y I J I = V I I ) + D F L ~ F L O A T  ( M - 1 )  
J = J + l  
CONT I N J E  
CONTBNUE 
rln T O  1 0  
T'RVI Y A T E  
J = J - I  
h R I T E  ( N O U T r l 6 b )  H O L L  9 J 9 (  A R R 4 Y ( I ) , I = l , J )  
I F ( J  - N C O U N T ) 1 7 L , 1 8 b , 1 7 0  
F o R v A T ( ~ X , A ~ , I ~ : I ~ O E ~ ~ . ~ ) )  
C A L L  E R R 0 2  I 6 H * * R E P G , 1 7 0 , 1 )  
R F T l l P N  
END 

B?!IJL-831 

2 D B  0 7 3 9  
2 D B  0 7 4 0  
2DR 0 7 4 1  
2 0 8  0 7 4 7  
2DB 0 7 4 7  
2 D B  0 7 4 4  
2 D B  0 7 4 5  
2 D B  0 7 4 6  
208 0 7 4 7  
2 D B  0 7 4 8  
2 D B  0 7 4 9  
2 D B  0 7 5 0  
2 D B  0 7 5 1  
2 D B  0 7 5 2  
2 D B  0 7 5 3  
2 D B  0 7 5 4  
2CP 0 7 5 5  
2DB  0 7 5 6  
2 0 8  0 7 5 7  
2 D B  0 7 5 8  
2DB 0 7 5 9  
2 D R  77613 
L D B  0 7 6 1  
2 3 5  0 7 6 2  
7DB  0 7 6 3  
2DP  0 7 6 4  
2 D B  0 7 6 5  
2 D B  0 7 6 6  
2 3 8  0 7 6 7  
2DR 0 7 6 8  
2 0 R  0 7 6 9  
2 D B  0 7 7 0  
2DB  0 7 7 1  
2 0 P  0 7 7 2  
2DB 0 7 7 3  
?r>B 0 7 7 4  
2DP, 0 ' 7 5  
1 D 6  0 7 7 6  
2126 0 7 7 7  
2r )P C 7 7 8  
7 n ~  r 7 7 9  
7 - F  0 7 5 3  
7 n ~  q 7 5 1  
2135 C 7 8 2  
2 D H  0 7 8 3  
2 D B  0 7 8 4  
2CY 0 7 8 5  
7PR 0 7 8 6  
7DE 0 7 8 7  - 



FOR R E A I 2  9 R E A I 2  
S U B R O U T I N E  R E A I 2 ( H O L L * I A R R A Y * N C O U N T )  
D I M E N S I O N  I A R R A Y ( l ) * I v ( 6 ) t K ( 6 ) ( I N 1 6 )  
COMMON N I N P  9 N O U T  9 N C R 1  r N F L U X l t N S C H A T  
J = l  
R E A D (  N I N P ~ ~ ~ )  ( K ( I ) ~ I N ( I ) * I ~ ( I ) ~ I = ~ ~ ~ )  
F O R ~ A T ( 6 ( 1 1 ~ 1 2 * 1 9 ) )  
DO 7 0 1 = 1 t 6  
L = K (  I ) + 1  
GO T O  ( 3 0 r 4 0 9 6 0 t 8 0  ) * L  
N O  V O D I F I C A T  I O N  
I A R R A Y ( J ) = I V ( I )  
l = J + 1  
GO T O  70 
R E P E A T  
3 = I N (  I )  
DO 5 0  M = l * L  
IARRAY(J)=IV(  I )  

J =  J+ 1 
C O N T  I N U E  
GO T O  7 0  
I N T E R P O L A T E  
C A L L  E R R 0 2 ( 6 H  R E A I t 6 0 9 1 )  
C O N T  I N U E  
GO T O  10 
T F R M I  N A T E  
J = J -  1 
W R I T E  ( N O U T 9 9 0 )  H O L L  t J t ( I A R R A Y ( I ) r I = l , J )  
I F ( J  - N C C U N T ) ~ G C * ~ ~ U * ~ O O  
F O R ~ A T ( 6 X , A 6 9 1 6 / ( 1 9 1 1 2 ) )  
C A L L  E R R 0 2  ( 6 H * * R E A I  * 1 0 0  9 1 ) 
R E T U R N  
E N D  



- 1 T C  FOR M A P R 9 M A P R  
S U B R O U T I N E  MAPR ( M 0 1 M 2 r  J I M Y J J M *  K )  
I N C L U D E  ABC 
D I M E N S I O N  P U ( J I M , J J M I ,  M 2 ( 1 1  9 K (  1 1  

C  PRODUCE A  P I C T U R E  P R I N T  BY Z O N E  AND M A T E R I A L  
W R I T E ( N O U T * l O )  ( I D ( 1 1 9  I = l * l l )  

1 0  F O R M A T ( l H l , l l A 6 / / / )  
2 0  DO 3 0  J J = l t J M  

J = J M - J J + 1  
3 0  W R I T E  ( N O U T v 4 C )  ( M O ( I ~ J ) * I = l ~ I M )  
4 0  F O R M A T (  5H 9 5 5 1 2 1  

W R I T E ( N O U T , 5 0 )  
5 0  F O R M A T ( 2 H  A / 2 H  X / 2 H  I / 2 H  A / 2 H  L / / 8 H  R A D I A L )  

W R I T E  ( N O U T v l U )  ( I D ( 1 1 ,  I = 1, 1 1 )  
DO 7 0  J J = l , J V  
J = J M - J J + 1  
DO 6 0  L = l , I M  
N=MO(  L , J )  

6 0  K ( L ) = I A B S  ( M 2 1 N I  
7 0  W R I T E  ( N o U T I ~ ~ )  ( K ( L ) , L = ~ , I M )  

W R I T E ( N O U T , 5 9 )  
R E T U R N  
END 

Z D B  0 8 2 1  
2 D B  0 8 2 2  



E-20 ~~I ' . lL -R3!  

FOR I N I T v I N I T  2DB 0 8 4 4  
SUEROUTIN€ I N I T  ( ~ 6 9  K79  1 0 9  1 1 9  I 2 9  M O ~  M29 NO* RO9 R l 9  R7, 

1 
2DR 0 8 4 5  

9 3 9  R49 R59 2 0 9  Z19  2 2 9  Z39  Z49  2 5 9  A09 Air 2DB 0 8 4 6  
2  FOI CO* VO, J T L ~ J I M I  V79JJM9JMT)  2 0 8  0 8 4 7  

INCLUDE ABC 2DB 0 8 4 8  
DIMENSION K 6 ( 1 ) 9  K 7 ( 1 ) 9  1 0 ( 1 ) 9  1 1 ( 1 ) 9  1 2 ( 1 ) 9  ~ 0 ( 1 ) 9  ~ l ( 1 ) ~  2PB 0 8 4 9  

1 R 2 ( 1 ) 9  R 3 ( 1 ) 9  R 4 ( 1 ) 9  R 5 ( 1 ) 9  2 0 ( 1 ) 9  Z l ( 1 ) ~  Z 2 ( ! ) 9  2DB 0 8 5 0  
2  Z 3 ( 1 ) 9  z 4 ( 1 ) 9  Z 5 ( 1 ) 9  A O ( l l 9  A l ( 1 ) 9  C O ( J T L * J M T ) *  2DR 0 8 5 1  
3 V u ( J I M 9 J J M ) *  M 0 ( 1 ) 9  M 2 ( 1 ) 9  W 0 ( 1 ) 9  F 0 ( 1 ) 9  V 7 ( 1 )  2DB 0 8 5 2  

I F  ( P 0 2 )  2 0 9  1 0 9  2 0  2DR 0 8 5 3  
W R I T E ( N O U T 9 1 5 )  DAY 2 0 8  0 8 5 4  
F O R M A T ( l H l 9 3 b X , l l H  T  I M  E =F8.3=8H D  A  Y  S///l 2 0 8  0 8 5 5  
CONT I NUE 2DB 0 8 5 6  
ADJOINT REVERSALS 2 0 8  0 8 5 7  
I F ( A ~ ~ )  2 5 9  4 5 9  2 5  2DB 0 8 5 8  
I F ( P 0 2 )  459  3.19 4 5  2DB 0 8 5 9  
I F ( N C 0 N )  4 5 9  3 5 9  4 5  2DB 0 8 6 0  
I I G = l  2 9 B  0 8 6 1  
IGBAR=IGM 2DB 0 8 6 2  
TEMP=K7(  I I G )  2DP 0 8 6 3  
K ~ ( I I G ) = K ~ ( I G B P R )  7DB 0 8 6 4  
K 7 ( I G B A R ) = T E M P  2DB 0 8 6 5  
TFMP=V7 ( I I G  1 2r)R 0 8 6 6  
V 7 ( I I G ) = V 7 ( I G R A R )  2DB 0 8 6 7  
V 7 (  IGBAR )=TEMP 2DB 0 8 6 8  
I I G = I  I G + 1  ZDR 0 8 6 9  
IGBAR=IGBAR-1  2DB 0 8 7 0  
I F ( I I G - I G B A R )  4 0 9  4 5 9  4 5  7DR 0 8 7 1  
CONT I NUE 2DB 0 8 7 2  

2DB 0 8 7 7  
P I X  CROSS-SECTIONS 2DD 0 8 7 4  
0 0 7 =  1 2DP 0 8 7 5  
I F ( P O 2 )  5u9  5 5 9  5 0  2DB 0 8 7 6  
I F ( I 0 4 - 3 )  1 8 5 9  8 5 9  1 8 5  2DB 0 8 7 7  
I F ( P O 1 )  7 0 9  7 0 9  6 0  2DB 0 8 7 8  
w R I T E ( N O d T 9  6 5  ( J 9  I O ( J ) ,  I l I J ) ,  1 2 1 J 1 9  J = 1 9  M 0 1 )  2 0 8  0 8 7 9  
F O R M A T ( l H d 9 3 X 9  16H Y I X T L R E  NUMeER 9 1 8 H  P4IX COYMAlhD 9 2 D d  0 8 8 0  

1 2 4 H  M 4 T E R I A L  PTOMIC C E N ~ I T Y / / ( I ~ ~ ~ ~ ~ I ~ ~ ~ X ~ I ~ Y ~ K ~ E ~ O . F ) )  i P P  0 8 8 1  
I F ( N P R T )  8 5 9  8 5 3  7 5  2 P 8  0 8 8 2  
WRITE ( N O U T 9 8 3  2Di3 p 5 8 3  
F o R M A T ( / ~ ~ F ~ C F O S S - S E C T I O N  E D I T 1  2 P 3  OF8+ 
R E k I N D  h C R l  2DP  C 8 8 5  
D 3  1 8 0  I I G = ~ Y I G M  2 D P  0 8 8 6  
READ ( N C R 1 )  ( ( C U ( I ~ J ) Y I = ~ , I T L ) ~ J = ~ , M T )  L D B  0 6 8 7  
I F ( P ( J ~ )  9 ( J 9  1 4 5 9  9 0  2 r )E  0 6 8 8  

ZDR 0 6 8 9  DO 1 4 0  M = ~ ~ M L J ~  
IF( IL(M)-MT)  1 0 0 9  l o u r  9 5  2DP 0 8 9 0  
CALL E R R O 2 ( 6 H + * I h I T t 9 5 9 1 )  2r)6 0 8 9 1  
I F ( I l ( M ) - M T )  1 0 5 9  1 0 5 9  9 5  2DR 0 6 9 2  
N = I O ( h h )  2CR 0 8 9 3  
L = I l ( Y )  2D5  0 8 9 4  
E O l = I Z ( M )  2DB 0 8 9 5  
I F ( L )  1 2 5 9  1 2 5 9  1 1 0  ZDi3 0 8 9 6  
I F ( E C ~ )  1 2 5 9  1 1 5 9  1 2 5  2DB 0 8 9 7  
I F  ( N - L )  1 2 5 9  1 2 3 ,  1 2 5  2DP 0 8 9 8  
E 0 1  = EV 2DB 0 8 9 9  
L = 3  2 3 8  09PO 
DO 1 4 0  I = 1 9 1 T L  2DE 0 9 0 1  
I F  ( L )  1 3 ~ 9  1 3 5 9  1 3 3  2Db 0 9 0 2  



C O ( I , N ) = C U I I , N ) + C U ( I ~ L ) * E U ~  
GO T O  1 4 0  
C O ( I 9 N ) = C L ( I 9 N I * E o l  
CONT I N U E  
I F ( P o 2 )  1 7 5 9  1 5 C 9  1 7 5  
IF(NPRT) 1 7 5 1  1 7 5 9  1 5 5  
W R I T E  ( N O U T 9 1 6 3  I I I G  
F O R M A T ( 7 H  GROUP I 3 9 1 5 H  C R O S S - S E C T I O N S )  
DO 1 6 5  N = 1 9 M T  
W R I T E  ( N O U T 9 1 7 0  I N Y ( C O ( I , N ) ~ I = ~ ~ I T L ~  
F O R M A T ( 4 H  ~ ~ T ~ I 3 9 ( 1 0 E l l . 3 )  ) 
W R I T E  ( N S C R A T )  ( ( C ~ ( I ~ J ) S I = ~ * I T L ) ~ J = ~ , M T )  
CONT I N U E  
R E W I N D  N C R l  
R E W I N D  N S C R A T  
S N I T C H  T A P E  D E S I G N A T I O N S  
I T E M P = N S C R P T  
N S C R A T = N C R l  
N C R l = I T E M P  
I F ( I O 4 - 5 )  1 9 ~ 9  2 0 5 9  1 9 0  
I F I R U C L )  2 ~ u 9  2 4 5 9  2 6 0  
TEMP = B U C K  
GO T O  2 2 U  
I F ( P o 2 )  2 1 0 9  2 1 9 9  2 1 5  
B U C K  = 9. 
TFMP = E V  - BUCK 
BUCK = E V  
CO 2 4 0  I I G = l , I G M  
R E A D ( N C R 1 )  ( ( C O ( 1  9 J ) 9  I = l p I T L )  9 J = l 9 M T )  
DO 2 3 5  M T Z  = 1 9 P T  
DO 2 3 0  K Z = l , I Z M  
I F ( M Z ( K Z )  - P T Z )  2 3 3 9  2 2 5 9  2 2 0  
TEMPI = T E M P / ( ~ . * C [ J ( ~ V M T Z ) )  
C O ( 2  9'4TZ = C 0 1 2 9 M T Z  ) + T E M P 1  
C O ( 5 9 Y T Z )  = c O ( 5 9 M T Z )  - T E M P 1  
GO T O  2 3 5  
C O N T I N U E  
CONT I NUE 
W R I T F ( N S C R A T )  ( ( c ~ ( I ~ J ) ,  I = ~ ~ I T L ) ~ J = ~ ~ M T )  
CONT I N L E  
R E W I N D  N C R l  
R F W I N D  N S C R A T  
S W I T C H  T A P E  D F S I G N A T I O Y S  
I T E Y P  = N S C R 4 T  
N S C R A T  = N C R l  
N C R I  = I T E r ' P  
CONT I N U E  



DO 285 J=lrJM 
K = Z ~  ( J 
Z ~ ( J + ~ ) = ~ ~ ( J ) + ~ ~ ~ ( J + ~ ) - ~ ~ ( J ) ) * ~ ~ ~ O +  €V*Z3(K)) 
IF(1GE-2) 3U59 290, 305 
IF(ABS (Zl(J~)-l.o)-l.OE-04) 305, 305, 300 
CALL ERR02(6~**1~IT*300~1) 
CONT I NUE 

AREAS AND VOLUMES 
PI2=6.28318 
IF(PO2) 310, 315, 310 
IF(I04 - 4 )  3759 315, 375 
CONTINUE 
DO 345 I=19IM 
R4(I)=(Rl(I+l)+Rl(I))*0.5 
R5(1)=Rl(I+l)-Rl(I) 
IF( R ~ ( I )  ) 3209 3209 325 
CALL ERR02 ( 5H*R5( I ) ,320, 1) 
CONT I NU€ 
GO TO (33u9335r340)9IGEP 
AO(1 )=l.0 
AO(IP)=l.U 
Al(I )=R5(I) 
GO TO 345 
AO(I)=PI2*Rl(I) 
AO(IP)=PI2*Rl(IP) 
Al(I)=PI2*R5(11+R4(1) 
GO TO 345 
A O ( I ) = P I ~ * R ~ ( I )  
AO(IP)=PIZ*Rl(IP) 
Al(I)=R5(1) 
CONTINUE 
DO 370 J=l*JM 
Z4(J)=(Zl(J+l)+Zl(J))*Oe5 
Z5(J)=Zl(J+l)-Zl(J) 
IF(Z5(J) 350, 350, 355 
CALL ERR02 (6H*Z5(J)*350*1) 
CONT I NUE 
DO 370 I=19IM 
GO TO ( 360s 365, 365)tIGEP 
VOII ,J)=R5( I)*Z5(J) 
GC) TO 373 
VOi19J)=PI2*RS(I)*L5(J)*R4(1) 
CONTINUE 
CCNT I NUE 

MATERIAL ADDRESSES 
IF(Po2) 4u59 3859 4 u 5  
SK7=0. 
00 400 I IG=l,IGY 
IF(S02-1) 395, 3909 395 
K6(1 I G ) = K ~ (  IIG)/Sa3 
GO TO 400 
K6( I IG)=K7( I I G )  
SK7=SK7+K7 ( I IG) 
CONT I NUE 

FISSION NEUTRONS 
Tll=El( IGP) 



4 1 0  CALL C L E A R ( U . L ~ F O I I M J M )  
DO 4 2 5  IIG=l,IGM 
E O L I I G )  = 
R E A D  ( N F L U X 1 )  ( N O ( I ) 9 I = l * I V J M )  
R E A D  ( N C R 1 1  I ( C U (  I9J) ,I=l,ITL) rJ=l,MT) 
DO 4 2 5  J  = 1, JM 
00 4 2 5  K = 1 1  11.4 
I = K + (J-1l*IY 
I TEF4P=M0 ( I ) 

I TEMP=b!2 ( I T EMP ) 
E O ( I I G )  = E L l I I G )  + V ~ ) ( K ~ J ) * N ~ ( I ) * C O ( ~ * I T E ~ ~ P )  
I F ( A 0 2 )  4 1 5 9  4209 4 1 5  

+15 FO(I)=F~(I)+K~(IIG)*NO(I) 
GO T O  4 2 5  

4 2 b  FO(I)=FC(I)+C~(IHT-~,ITEMP)*NO(I) 
425 C O N T  1,VUE 

R E W I N D  N F L J X l  
RCWIND N C R l  
RETURN 
E N D  



- I T  FOR CLEAR9CLEAR 
SUBROUTINE CLEAR ( X  * Y * N  I 
DICIENSION Y ( 1) 
DO 1 I = 1 9 N  

1 Y ( I ) = X  
RETURN 
END 

2DB 1 0 4 1  
2DB 1 0 4 2  
2DB 1 0 4 3  
2DB 1 0 4 4  
2DB 1 0 4 5  
2DB 1 0 4 6  
ZDB 1 0 4 7  



E-25 BNItIL-831 

-1TC FOR F I S C A L 9 F I S C A L  2DB 1 0 4 8  
~UBROUTINE F I S C A L  (NO9 F 0 9  VO9 Cb9 K69  YO* P 2 r  J T L p J M T )  2DB 1 0 4 9  
I ' iCLUDE ABC 2DB 1 0 5 0  
DIMENSION b l b ( 1 ) '  ~ 0 ( 1 ) 9  V 0 ( 1 ) 9  c O ( J T L ~ J M T ) ~ K ~ ( ~ ) '  M 0 ( 1 ) 9  P Z ( 1 1  7DR 1 0 5 1  
L A R  = ALA 2DB 1 0 5 2  

C FISSION SUMS 2DB 1 0 5 3  
I F ( Y ~ ~ )  9 J 9 9 i 9 1 0  2 D B  1 0 5 4  

1 0  I F ( A O Z I  z r 1 9  4'29 2 0  2DB 1 0 5 5  
2 0  DO 3 0  I I G = l v I G M  2DB 1 0 5 6  

READ ( h C R 1 )  ( ( C ~ ( I P J ) ~ I = ~ ~ I T L ) ~ J = I ~ M T )  2DB 1 0 5 7  
E l  ( I  I G ) = O .  2DB 1 0 5 8  
3 0  3 0  I = l r I t < J M  2DB 1 0 5 9  
I TEMP=MO ( I )  2DB 1 0 6 0  
I TEMP=M2 ( I TEVP 2DB 1 0 6 1  

3 c E1(IIG)=El(IIG)+CU(IHT-l~ITtMP)*F0(I)*V~(I) 2DB 1 0 6 2  
R E k I N D  VCR1 2DB 106'3 
GO T O  7 0  2DB 1 0 6 4  

4 0  E01=0 .  2DB 1 0 6 5  

r <\ 
DO 5 0  I = l v I t j J b '  2DB l o 6 6  

; u E O l = E 3 1 + V U (  I ) * F L J (  I )  2DB 1 0 6 7  
r C  6 0  I I G = l  * I G , I  2DB 1C68 

6C L l ( I I G ) = K 6 ( 1  I G ) * E O l  
7 3 

2DB 1 0 6 9  
t l ( I G P ) = ( I .  2DB 1 0 7 0  
t o (  I G P ) = u .  2DB 1 0 7 1  
0 0  8 0  I I G = l v I G M  2DB 1 0 7 2  
E O ( I G P ) = E L ( I G P ) + E U ( I I G )  2DB 1 0 7 3  
E 1 ( I G P I = E l ( I G ? I + ~ l ( I I G )  2DB 1 0 7 4  
I F ( R L ~ )  1 4 L 1 r  9Cr  1 4 )  2DB 1 0 7 5  

7 9  A L A = E l I I G P ) / T l l  2DB 1 0 7 6  
TEMP= 1 . 0 1 ~ ~ ~  2DB 1 0 7 7  
I F I I O 4 - 1 )  1 4 0 9  1 0 ~ 9  1 4 0  2DR 1 0 7 8  

l i C  DO 1 1 C  I I C = l , I G M  2DB 1C79 
E l ( I I G ) = E l ( I I G ) * T E M P  2DB 1 0 8 0  

-11- K 6 ( I I G ) = K 6 (  I I G ) * T E M P  2DB 1 0 8 1  
t l L I G P ) = E l ( I C ? ) * T E M P  LDB 1 0 8 2  
I F ( A 0 2 )  12U9 14U9 1 2 0  2DB 1 0 8 3  

1 2 ,  30 1 3 0  I = l v I ? 4 J M  2DB 1 0 8 4  
1 3 b  F O ( I  l = F d ( I ) x T E M P  2DB 1 0 8 5  
1 4 ~  CONTINUE 2 D B  1 0 8 6  
C 2DB 1 0 8 7  
C ~ I O R V A L I Z P T I Q N  2DB 1 0 8 8  

k i07=0 2DB l U 8 9  
1 5 S  I F ( S 0 1 )  l 6 i r  7 7 0 ,  1 7 0  7 D P  1 0 9 0  
1 6 d  E 0 1  8 A O 5 ( S U i ) / ( E L ( I G P ) + T S D )  2D@ 1 0 9 1  

GC: 10 1 8 0  Z D R  l ( 9 2  
1 7 ,  t O l = S S l / E l ( I G P )  2DB 1 0 9 3  
1HL CO 1 5 3  I I G = 1 9 I C P  2DB 1 0 9 4  
1 9 ~  E ~ ( I I G ) = E C ~ * F ~ ( I I G )  2DB 1 0 9 5  

LO 20; I = l , I Y J M  2DB 1 0 9 6  
? L \ J  F I ~ ( ~ ) ~ C ~ I \ F L ( I )  2DB 1 0 9 7  
231  RFTURN 2DB 1 0 9 8  

LldD 2Db  l d 9 9  - 



-1TC FOR 5 8 8 3 0 , 5 8 8 3 0  
SUBROUT1 NE 5 8 8 3 3  
INCLUDE ABC 

C  blP 83C MONITOR P R I N T  
CALL E T I V E F ( T 1  
T I  = T I / 6 U .  
-PAGE = KPAGE + 1 
I F ( K P A G E  - 4 0 )  2 2 0 9  1 6 0 ,  1 6 0  

l b b  KPAGE = 0 
2 1 ~  X R I T E ( N O U T *  2 1 3 )  
2 1 3  F O R M A T (  1 0 5 ~ 1  T I M E  OUTE- 

1 u E  EIGENVALUE LAIvIBDA 
WRITE(NOUT, 2 1 5 )  

2 1 5  F 0 R ~ A 0 ( 1 0 5 H  ( M I N U T E S )  I T E R A T I O N 5  

- .  

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

IN.  I T .  EIGENVAL2DB 1 1 1 0  
1 2DB 1111 

2DB 1 1 1 2  
PER LOOP SLOPE 2DB 1 1 1 3  

1 / 1 
22C WRITE(NOUT9 2 2 5 )  T I ,  PO29 LC9 EQ, EVI ALA 
2 2 5  FORMAT(4Xp F6.29 1 9 x 9  1 4 9  1 1 x 9  1 4 9  6 x 9  E15.89 E 1 5 . 8 ~  E 1 5 . 8 )  
2 3 b  P 0 2 = P 0 2 + 1  

LC'O 
I ~ ( P 0 2 - D 0 5 ) 4 3 0 9 4 3 0 * 3 3 L  

3 3 ,  NGOTO = 1 
GO TO 6 3 0  

4 3 u  NGOTO 4 
6 3 0  RETURN 

END 



E-27 BN'lIL-831 

FOR OUTER9OUTER 2DR 1 1 2 5  
~ U ~ R O ~ T I N E  O U T E R (  A l 9  c O *  F O ~  K 6 *  M O ~  I429 NO9 N29 2DB 1 1 2 6  

1 5 2 ,  VO, V7, 2 5 9  F 2 9  J T L v J M T ?  CXS, 2DB 1 1 2 7  
2  J I M *  J J K Y  R59 R49 2 4 9  CXR9 C X T *  H A *  P A )  2DB 1 1 2 8  

DIMENLION A L ( 1 ) 9  A l ( l 1 9  F U ( l ) *  K 6 ( 1 ) 9  M o ( 1 ) 9  P 4 2 ( 1 ) 9  2DB 1 1 2 9  
1 N O ( : ) ,  N 2 ( 1 ) *  s 2 ( 1 ) 9  2DR 1 1 3 0  
7 V c ( l ) *  V 7 ( 1 ) 9  Z 5 ( 1 ) 9  F 2 ( 1 ) 9  CO(JTL ,JMT) ,  ~ A ( 1 ) 9  PA(I),ZDR 1 1 3 1  
3  C X S ( J I Y , J J l / 1 9 3 ) ,  R 5 ( l ) t  R 4 ( 1 ) 9  2 4 ( 1 ) 9  C X R ( l ) r  C X T ( 1 1  2DB 1 1 3 2  

1;UTEGEH E3AR9 P3AR9 SEAR 2DB 1 1 3 3  
INCLUD5 AUC 2DB 1 1 3 4  
I G V = l  2DB 1 1 3 5  
SOURCE CALCULATION 2DB 1 1 3 6  
CONS I N U E  2 0 8  1 1 3 7  
~ E A D  ( N C R  1) ((CD(I9M)*I=19ITL)9M=l,MT) 2DB 1 1 3 8  
2 0  2 0  I = 1 9  I i 6 J P  2DB 1 1 3 9  

( 1 ) =d. 2DB 1 1 4 0  
I F I A O ~ )  6J9  4 t j 9  6 9  2DB 1 1 4 1  
3 0  5 0  I = l , I Y J M  2DB 1 1 4 2  
- , ~ ( I ) ~ ~ ~ ( I ) + K ~ ( I G V ) " F O ( I )  2DB 1 1 4 3  
L O  TO ELI 2DB 1 1 4 4  
DO 7 0  1 = 1 9 I M J 1 4  2DB 1 1 4 5  
I TEMP 1=MO( I ) 2DB 1 1 4 6  
I T E P P l = b I 2 (  I T E M P I )  2DB 1 1 4 7  
~ ~ ( I ) = ~ ~ ( I ) + c ~ ( I H T - ~ ~ I T E M P ~ ) * F O ~ I )  2DB 1 1 4 8  
G c A R = I G V + I H S - I T L  2DB 1 1 4 9  
l F ( G Z 1 k - 1 1  9 ~ 9  1 b 0 9  1 3 U  2DB 1 1 5 0  
GE.AR= 1 2DB 1 1 5 1  
PRAP = I H S  + I G V  - 1 2DR 1 1 5 2  
I F ( P E k R  - I T L )  1 1 5 9 1 1 5 * 1 1 0  2DB 1 1 5 3  
PBAR = I T L  2 D B  1 1 5 4  
I F ( G 6 A R  - I G V )  1 2 3 9  1 4 L 9  1 4 0  2 D 8  1 1 5 5  
R F A D  ( N S C K A T )  ( N 2 ( 1 ) 9 1 = 1 9 I M J P )  2DB 1 1 5 6  
4 0  1 3 ( ,  I = 1 $  Ik'JY ZDB 1 1 5 7  
I T E ' I P l = M (  ( I )  2DB 1 1 5 8  
ITEI . IP l=Pi2(  ITEIvlP1 2DB 1 1 5 9  
ITEMP= I T k Y P 1  2 D 8  1 1 6 0  
1 EI IP=+L ( PBAR 9 I TEFlP ) 2DB 1 1 6 1  
~ ~ ( ] ) = ~ ~ ( I ) + N ~ ( I ) * : E M P  2 3 3  1 1 6 2  
GO TO 1 5 0  2DG 1 1 6 3  
RFkD ( N F L U X l I  ( ~ 2 ( 1 ) * 1 = 1 9 I V J M )  2DB 1 1 6 4  
G F J R = G B A R + l  2DB 1 1 6 5  
-BAR=PBAR-1 2DB 1 1 6 6  
I F ( G B / j R  - I G V )  1 2 b 9  1 4 0 9  1 6 0  2DB 1 1 6 7  
+ F L I G V  - I C P )  1 8 L 9  1 7 0 9  1 8 u  2 D B  1 1 6 8  
R F  c 1  I',D I I C R ~  2DB 1 1 6 9  
Vl;=O. 2DB 117 '3  
DO 1 9 L  I = l ~ I M J ~ I  2DB 1 1 7 1  
5 7 ( 1 ) = b 2 ( I ) * b L ( I )  ? O R  1 1 7 2  
' J l l = V 1 1 + 5 2  ( I I 2DB 1 1 7 3  
E Z ( 1 G V )  = V 1 1  - EI(IG~) 2DB 1 1 7 4  
bObRCE-A LPWH 2DB 1 1 7 5  
I F ( I U 4  - 2 )  2 1 6 9  2 4 k 9  2 1 0  ZDB 1 1 7 6  
I F ~ S O  - 2 )  23u ,  2 2 0 9  2 3 0  2DR 1 1 7 7  
T7 = O d ? / V 7 ( I G V )  LDB 1 1 7 8  
GO T O  2 5 0  2DB 1 1 7 9  
T; = C.O 2DB 1 1 8 0  
GO TO ? 7 ?  2DB 1 1 8 1  
r 7  = E V / V 7  ( I GV ) 2DB 1 1 8 2  
DO 2 6 0  K = 1 9  I Z M  2DB 1 1 8 3  



I T E M P l  = M 2 ( K )  
C O ( I H S *  ITEMPI) = C O [ I H S * I T E M P l )  - T7 
CONT I NU€ 
GROUP FLUX C A L C U L A T I O N  2 D B  1 1 8 7  
I 1 = 0  2 D B  1 1 8 8  
+ ~ I 4 1  ) 2 9 6 9  3 7 0 9  2 9 0  2 D B  1 1 8 9  
C A L L  I N N E R ~ ( M ~ J *  M29 c X S *  V a *  c O *  A O *  Z 5 9  R 5 9  R 4 *  2 4 9  A l *  I M *  JM9  2 D B  1 1 9 0  

1 I T L ,  C X R 9 C X T )  2DB  1191 
I F  ( + 0 3  - 1) 3 1 U 9  3 1 U t  3 0 C  2 D B  1 1 9 2  
C A L L  I N N E R P ( N O 9  1'4.29 C X S *  5 2 9  M09  M29 VO*  CO*  IM,  J M *  I T L *  CXRICXTIZDB 1 1 9 3  

1 H A 9  P A )  2DB  1 1 9 4  
GO TO 3 5 0  2 D B  1 1 9 5  
I F  ( I G E  - 2 )  3 2 G *  3 3 0 ,  3 2 3  2 D B  1 1 9 6  
+F ( I M  - J M )  3 3 0 9  3 3 0 9  3 4 0  2DB  1 1 9 7  
CALL I N N E R ( N 0 9  h12, C X S *  5 2 ,  MO*  M29 VO*  CO, I M *  JM9 I T L *  C X R *  C X T 9 2 D B  1 1 9 8  

1 H A *  P A )  2 D B  1 1 9 9  
GO TO 3 5 ~  2 D B  1 2 0 0  
C A L L I N N F R 2 ( M b *  Y79 c X L ~  5 7 9  ~ 3 9  M79 V C '  cO '  I M *  J P *  I T L ~  C X R *  c x T 9 7 1 - 1 ~  1701  

1 H A *  P A )  2DB  1 2 0 2  
DO 3 6 0  K  = 1 9 I Z b  2DB  1 2 0 3  

I T E P P 1  = M 2 ( K )  2DB  1 2 0 4  
C O ( i H S 9 I T E M P l )  = C J ( I t ' S * I T E M P l )  + T 7  2DB  1 2 0 5  
GO TO 3 9 J  2 D B  1 2 0 6  
DO '300 I = 1 ,  I M J M  2DB 1 2 0 7  
l u 2 (  1  ) = u .  2 D 6  1 2 0 8  
h O I I  ) = b .  2 P B  1 2 0 9  
CONT I NUE 2 D B  1 2 1 0  
WRITE  ( N S C R A T )  ( N Z ( I ) * I = ~ * I M J M )  2 D B  1 2 1 1  
SBAR=ITL-IHS 2DB  1 2 1 2  
I F ( L 3 A R )  4 4 U 9  4 4 C 9  4 2 C  2DB  1 2 1 3  
DO 4 3 d  I S = 1 9 b B A R  2DB 1 2 1 4  
BACKSPACE NSCRAT 2DB 1 2 1 5  
C O N T I N U E  2 D B  1 2 1 6  
1 ~ ( v 1 1 )  4 5 u 7  5 U U v  450 2DB 1 2 1 7  
I F IAU  ) 4 6 u 3  4 8 b 9  4 6 0  2DR 1 2 1 8  
E 0 I  ~ G V ) = J . J  2 D B  1 2 1 9  
DO 4 7 0  I = l y T M J Y  2 0 8  1 2 2 0  
I TEYP 1 = v ~  I I I 2DB 11 ' 21  
I TEMP =/.I? ( I TCldP1 I L O b  1 2 2 2  
C O ( I G V ) = C O ( I G V )  + CO(191TEMPl)*N2(1)*VO(I) 2DB 1 2 2 3  
F i ( I  ) = F ~ ( I ) + K ~ ~ ! ( , V ) K N ~ ~ I )  2DD 1 7 2 4  
GO T b  7 3 (  2DR 1775 
LO( :GL )=i,~ 2PP 1 7 7 6  
DO 4 9 b  4 - 1 9 I Y J Y  2DFj 1 2 2 7  
. ' F M P l  b'd( I )  L D P  1 2 2 8  
I TEMP 1-PI2 t I TEUP1  I 2DU 1 2 2 9  
E O ( I G V I = t d (  I G V I  + C ~ ( ~ ~ I T ~ M P ~ ) * N L ( I I * V C ( ~ )  ~ D E ?  1 2 3 0  
F 3 1  I ) - F ? (  I ) + C I  I I l - l l - l ~ ~ T E b l P l ) * P ~ ? (  I )  ? r lB  1 7 3 1  
C 3 U T  I t \ ~ ' c  ZDB 1 2 3 2  
I b V = I G b + l  ZDE? 1 2 3 3  
I F C I G V - I C I Q  1 2 9  1.1, 5 1 0  2DB  1 7 3 4  
1 1 1  = E l ( 1 G P )  2DB  1 2 3 5  
J ~ I T C H  TAPE LJFS IGNAT IONS 2DR 1 2 3 6  
RFwdIND NCR1  2DB  1 2 3 7  
9 E h i N D  NSCRAT L D B  1 2 3 8  
REWIND NFLUX? ZDB 1 2 3 9  

l T E Y P  h 5 i n A i  2 D B  1 2 4 0  

N J C R A ~  = hFLCJX1  2DD 1 2 4 1  
h F L U X 1  = I T E M P  2 0 d  1 2 4 2  



OVER-RELAX FISSION SOURCE 
ORFF = leu + .6*lORF - 1.0) 
E02 = .i. 

IF(AO 52b95839520 
El(1GP) = e u  

FOR ADJOINT CALCULATION, 5211) STORES ORFED F2(I) 
3 0  522 I=l*IMJY 
S2(I) = FO(I) + 0RFF*(F2(1) - FC(I)) 
DO 5 4 0  IIG = 19IGM 
READ(-CR1) ((CU(I,JI, I=ltITL)* J=lrMT) 
El(I1G) = .b 
DO 530 I=1, IMJiil 
ITEMP = P,b( I )  
ITEMP = M2(ITEMP) 
+ ~ ( I + G )  = E ~ ( I I G )  + cO(IHT-~,ITEMP)+F~(I)*VO(I) 
E02 = Ed2 + c C ~ ( I H T - ~ , I T E M P ) + S ~ ~ I ) * V ~ ( I )  
El(IGP) = El(IGP) + ElIIIG) 
TEMP1 = El(IGP)/EuZ 
C O  5 5 C  I=l,IMJM 
FO ( I ) = TEMP 1x52 ( I 
REWIN3 N C I ? ~  
GO TO 62d 
EGI = L.J 
DO 59i I=l,IMJY 
~ 0 1  = Eul + Vb(I)*F2(I) 
F2(I) = F J ( I )  + ORFF+(FZ(I) - FO(1)) 
EJ2 = EL2 + VD(I)*F2(I) 
TEMP1 = El,l/E22 
DO 6bU I=l,Ik'JY 
FO ( I ) = TEMP l*F2 ( I 
00 6li 11; = 19IGM 
ElIIIG) = K6(IIG)"tC1 
EltIGP) = O . J  
EO(IGP) = u.u 
DO 640 IIG = ltIGM 
EO(IGP) = EC(IGP) + EOIIIG) 
tl(1GF1 = Fl(I&P) + El(I1G) 
9ETIJRFd 
EFdD 



- 30 BNWL-831 
FOR I N N E R 1 9 I N N E R l  2 D B  1 2 8 3  

S U B R 6 U u I N E  I N N E R l ( M O 9  F129 CXSI V O *  CO9 A 0 9  Z 5 9  R 5 9  R 4 r  2 4 9  A l r  2 D B  1 2 8 4  
2  J I M ~ J J M ~ J T L * C X R S C X T I  2 D B  1 2 8 5  

D I M E N b I O N  M c ( l ) t  M ~ ( ~ ) ~ C X S ( J I P ~ J J M ~ ~ J ~ V O ( ~ ) ~  c O ( J T L ~ ~ ) ~  2 D B  1 7 8 6  
1 A C ( 1 1 9  Z 5 ( 1 ) *  R 5 ( 1 ) 9  R 4 ( 1 1 *  Z 4 ( l ) r  A 1 ( 1 ) 9 C X R ( 1 ) 9  C X T ( 1 ) Z D B  1 2 8 7  

I N C L U D E  ABC 2 D B  1 2 8 8  
T H I S  S U B R O U T I N L  CALCULATES C O E F F I C I E N T S  FOR THE FLUX E Q U A T I O N  2 D B  1 2 8 9  
P I 2  = 6 . 2 8 7 1 8  2 D B  1 2 9 0  
D C  i 5  KJ ! i  J'l 2 D B  1 2 9 1  
DO 4 5  K I  = 1 9  I M  2 D B  1 2 9 2  
G O  T O  ( 1 L 9 l U 9  5 1 9  I G E P  2 D B  1 2 9 3  
T ~ p p  = P I 2 * ( L 4 ( K J )  - Z 4 ( K J - l l ) * R 4 ( K I )  2DB  1 2 9 4  
GO TO 1 5  2 D B  1 2 9 5  
TEMP = Z 4 l K J )  - Z 4 ( K J - 1 )  2 D B  1 2 9 6  
I = <I + ( Y J - l I * I M  2DR 1 2 9 7  
I T E Y P  = V b I  1 1  2DB  1 2 9 8  
I T E Y P  = M 2 (  I T E M P )  2 D B  1 2 9 9  
C X S ( K I * K J r 3 )  = V U ( I ) * ( C O ( I H T I I T E M P )  - C O ( I H S r 1 T E M P ) l  2DB  1qOO 
I F ( I  - 1 )  4 5 9 4 5 9 1 8  2 D B  1 3 0 1  
I T E M P l  = M U (  1 -11  2 D 6  1 3 0 2  
I TEC'P1 ; \I2 ( I TEt4P1 I 2DS 1 3 0 5  
I F  ( I T E ' I P  - I T E u P 1 )  2 5 9 2 6 9 2 5  2DB  1 1 0 4  
c X J ( Y I ~ < J ~ ~ ) = A O ( K I  ) * ~ ~ ~ Y J ) / ( ? . * C O ( I U T ~ I T F ~ ' P ] * ( R ~ ~ K I ) - R ~ ( K ~ - ) )  7nR 1 2 0 *  
G i j  TO 3 3  2 D B  1 3 0 6  
~ x b ( ~ 1 9 Y J ' l )  = A ~ ( K I ) * Z ~ ( Y J ) " ( R ~ ( K I - ~ ) + P ~ ( ~ ( ~ ) ) / ( ( P ~ ( K T ) - - ) ) *  1107  

1 (3.*(R5(KI-l!*Cf~(IhT~ITEMPIl + R ~ ( K I ) * c C ( I ~ T ~ I T E ~ ~ P ) ) ) )  2 0 0  l j O P  
I F ( 1  - Ib ' )  4 5 9 4 5 9 3 2  2 D 5  1 3 - 9  
I T E Y P 3  = Y D ( I  - I N )  2 D B  1 3 1 G  
I TEblP3 = :42 ( I TE14?3 ) 2 D B  1 3 1 1  
I F  ( I T E r P  - I T E Y P 3 )  4 3 , 3 5 9 4 0  2DB  1 3 1 2  
c X s ( - :  ,Cd,2)  = 4 1 1 K I  ) / ( 3 . " C O (  I Y T 9 1 T E I v ~ P ) * T E I P )  2DB 1 3 1 '  
53 T 3  4 5  2DB  131.. 
C X > I ( K I ~ K J * ~ )  = A l ( K I ) * ( L 5 ( K J - l )  + Z 5 ( K J l ) / ( T E M P *  2DB  1 3 1 5  

1 I ~ . * ( L ~ I K J - ~ ) * c C (  IHT~ITFMP?)  + Z S ( K J ) Q C O ( I H T ~ I T F I ~ P ) ) ) )  295 1 7 1 6  
COldi I ' \LE 2 0 0  1 3 1 7  
DO 2SC Y J  = 1 9  JM 2DB  1 1 1 8  
CO 2 0 0  K I  = 1 9  I I J  i D B  1 1 1 3  
53  T 2  ( ? 5 ? 5 5 r C  , ) ,  I (1kP ? D E  1 3 ? '  
: r k r p  = . 5 c P I ) c Z S ( 6 J ) * R 1 + ( i ( I )  2DE  1'; 
GC T O  6 s  2CE 1 5 '  
TE I~ IF  = . ?at25 ( K J )  2 0 8  1 3 2 .  
I = K I  + ( K J - ~ ) ~ I Y  2 r ~  1 3 2 4  
I T ~ ~ ~ F I  - - r I ! i y P  1 2 3 5  
l j F v P  = b ' 2 ( ITF .YP l  > P p  1 2 7 6  
Iz" .P:  = c A S ( K I + l , I ( J 9 1 )  ? D B  1 3 ? :  
u ~ W P ?  = : A S ( K I  9 K J + 1 9 2 )  ?El? 1321: 
IF(L J - 1 )  b x , h s 9 1 i ~  2 D e  1 3 7 9  
:I - + - 1 )  ? C Y ' < ;  97L  7 S b  1 ? 3 q  
sq T C  ( ~ I J ,  7 5 ) ~  I ~ E P  2r,e 1 ~ 2 1  

TEViC73 = ; 1 2 r 1 - ' 1 ( , 1 ) + ~ . ;  ( L , I K J )  t - 5 i J 1  ) )  Z D b  1 3 3 2  
GG T S  65 2 L P  1 3 3 3  
T F M P ~  = . ~ ~ ( L ; ( I ( J )  + 1 s t  J ~ I ) )  2 3 2  1 3 3 4  
I TEIvlP3 = I 1 I V * (  J Y  - 1) 2D6 1 3 3 5  
i TEYP3  = I ~ \ U  ( I TE 4P1 2DB  1 3 3 6  
I T E v P 3  = I42 I I TEMP3 2 U B  1 3 3 7  
C X ' ( K I 9 k J r 2 )  = A ~ ( K I ) * ( L ~ L J I ~ )  + Z 5 ( K J )  ) / ( T E M P 3 *  2 0 8  1 3 3 8  

1 ( ~ . * ( i ~ ( J ~ ' ) * C O ( I H T r I T E ~ l P 3 )  t Z ~ ( K J ) * C O ( I H T * I T E I ' ~ ) I ) I  3 C B  1 3 3 3  
GO '0 1 2 5  2DE  1 3 4 3  
C A ~ ( < I  9 K J 9 2 )  = A l t  K I  ) / ( ~ . V C O ~ ~ I T ~ I T F ~  ? ) " (  T t P P  t . 7 1 /  2 b P  1 ? 4 1  



1 C O ( I H T S I T E M P ) ) )  
GO TO 1 2 5  
C X S ( K I S K J ~ ~ )  = .b 
GO T O  1 2 5  
I F  ( K J  - J M )  1 2 5 ~ 1 0 5 ~ 1 0 5  
I F  (€303 - 1 )  1 1 5 v 1 2 0 ~ 1 1 0  
TEMP = C x S ( K 1 9 1 ~ 2 )  
C X T ( K 1 )  = TEMP2 
GO TO 1 2 5  
TEMP2 = Al(KI)/(3.*CO(IKTvITEMP)*( TEMP + * 7 1 /  

1 c O ( I H T S I T E M P ) ) )  
C X T ( K 1 )  = TEMP2 
GO TO 1 2 5  
TEMP2 = 80  
C X T ( K 1 )  = TEMP2 
I F  ( K I  - 1)  1 3 0 ~ 1 3 0 ~ 1 4 5  
I F ( R O 1 )  1 3 5 9 1 3 5 , 1 4 0  
C X S ( K I ~ K J S ~ )  = A O ( K 1  )*Z5(KJ)/(3.*CO(IHT,ITEMP)* 

). ( . 5 * R 5 ( I ( I )  + * 7 1 / C u ( I H T v I T E M P ) ) )  
GO TO 1 6 5  
C X S ( K I * K J * l )  = .O 
GO TO 1 6 5  
I F  ( K I  - I M )  1 6 5 ~ 1 5 b r 1 5 0  
I F ( B 0 2 )  1 5 5 v 1 5 5 v 1 6 u  
TEMP 1 = A J ( K I + ~ ) * Z ~ ( K J )  / ( 3 . * C O (  I H T v I T E H P ) *  

1 ( . 5 * R 5 ( K I )  + . 7 1 / C O ( I H T v I T E M P ) ) )  
C X R I K J )  = T E b l P l  
GO TO 1 6 5  
TEblP1 = .u  
C X R (  Y J )  = T E Y P 1  
C X h ( K I , K J , 3 )  = c X ~ ( K I S K J S ~ )  + C X S [ K I * K J , l )  + C X S ( K I * K J * 2 )  

1 + TEMP1  + TEMP2 
CONT9NUE 
RETURN 
END 



FOR I N N E R 9 I N N E R  2 D B  1 3 7 7  
~UBROUTINE INNER(NO* N 2 *  C X S *  S 2 *  M o *  M 2 *  VO*  CO,JIM,JJM, J T L *  2 D B  1 3 7 8  

1 C X R * C X T ,  H A *  P A )  2 D B  1 3 7 9  
I N C L U D E  ABC 2 D B  1 3 8 0  
DIMENSION N 0 ( 1 ) *  N ~ ( ~ ) * c X S ( J I M * J J M * ~ ) A ~ ( ~ ) *  M 0 ( 1 1 *  M 2 ( 1 ) *  2 D B  1 3 8 1  

1 V L ( ~ ) *  C O ( J T L * l ) *  C X R ( l ) *  C X T ( l ) *  H A ( l ) *  P A ( 1 )  2 D B  1 3 8 2  
C A L L  I F L U X N  ( N 2 9  CU, V 3 *  C X S *  M09 M 2 *  I T L *  I M *  JM, CXR, C X T )  2 0 8  1 3 8 3  
DO 4  I = l ,  I M J M  2 D B  1 3 8 4  
N O ( 1 )  = N Z ( 1 )  2 D B  1 3 8 5  
B E G I N  F L U X  C A L C U L A T I O N  2 D B  1 3 8 6  
I K B  = I M  - 1 2 D B  1 3 8 7  
J K B  = JM - 1 2 D B  1 3 8 8  
FLUX C A L C U L A T I O N  U S I N G  SOR W I T H  L I N E  I N V E R S I O N  2 0 8  1 3 8 9  

2 D B  1 3 9 0  
C A L C U L A T I O N  OF L E F T  BOUNDARY F L U X  2 D B  1 3 9 1  
K I  = 1 2 D B  1 3 9 2  
K J  = 1 2 D B  1 3 9 3  
I = K I  + ( K J  - l ) * I M  2 D B  1 3 9 4  
H A ( K J ) =  CXS(KItKJ+1*2)/CXS(KItKJ*3) 2 D B  1 3 9 5  
P A ( K J ) =  ( 5 2 ( 1 )  + c X S ( K I + ~ * K J * ~ ) * N ~ ~ I + ~ ) ) / C X S ( K I * K J * ~ )  2 D B  1 3 9 6  
DO 5 K J  = 2 9 J K R  2 D B  1 3 9 7  
I = K I  + ( K J  - l ) * I Y  2 D B  1 3 9 8  
H A ( K J )  = c X ~ ( K I , K J + ~ * Z ) / ( C X S ( K I , K J , ~ ) -  c X S ( K I * K J * ~ ) * H A ( K J - ~ ) )  2 D B  1 3 9 9  
P A ( K J )  = ( S 2 ( 1 )  + c X S ( K I + ~ , K J * ~ ) * N ~ ( I + ~ )  + c X S ( I I * K J * ~ ) * P A ( K J - ~ ) ) / ~ D B  1 4 0 0  

1 ( c X S ( K I * K J * 3 )  - C x 5 ( K I * K J , Z ) * H A ( K J - l ) )  2 D B  1 4 0 1  
K J  = J M  ZDB 1 4 0 2  
I = K I  + ( K J  - 1 ) * I M  2 D B  1 4 0 3  
N 2 ( I )  = ( S 2 ( I )  + C x S ( K I + l * K J * l ) * N 2 ( 1 + 1 )  + C X S ( K I * K J * 2 ) * P A ( K J - l ) ) / 2 D B  1 4 0 4  

1 ( c X S ( K I * K J * 3 )  - c X S ( K I * K J , ~ ) * H A ( K J - ~ ) )  2 D B  1 4 0 5  
DO 1 0  K J J  = 29J .4  ZDB 1 4 0 6  
KJ  = J W  - KJJ + 1 2 D B  1 4 0 7  
I = K I  + ( K J  - 1 ) * I Y  2 0 8  1 4 0 8  
h 2 i I )  = P A ( K J )  + H A ( K J )  * N Z ( I + I M )  ZDB  1 4 0 9  
DO 1 5  K J  = 1 * J M  2DB 1 4 1 0  
I = K I  + ( C J  - 1 ) * I M  2 D B  1 4 1 1  
N 2 ( I )  = N c l I )  + O R F * ( N Z ( I )  - N O ( 1 ) )  2DB  1 4 1 2  
P R I N C I P A L  F L U X  LOOP 2DE 1 4 1 3  
D O 4 0  K I  = 2 9 I K B  2 D B  1 4 1 4  
KJ  = 1 2 D B  1 4 1 5  
I = K I  + ( K J  - l ) * I M  2 D B  1 4 1 6  
~ A ( K J ) =  c X S ( K I * K J + ~ * ~ ) / C X S ( K I ~ K J , ~ )  2 D B  1 4 1 7  
P A ( K J ) =  ( 5 2 1 1 1  + ~ X s ( K l * K J * l ) * N 2 ( 1 - 1 )  + CXb(KI+l*KJ*l)*N?(I+l))/ 2DB 1 4 1 8  

1 C X S ( K 1  * K J * 3 1  2 D B  1 4 1 9  
DO 2 5  K J  = 2 , JKB  2 0 8  1 4 2 0  
I = K 1  + ( K J  - 1 ) " I M  2 D B  1 4 2 1  
H ~ ( K J )  = c X ~ ( K I ~ L J + ~ * ~ ) / ( C X ~ ( K I , K J , ~ ) -  c X S ( K I ~ K J * ~ ) * H A ( K J - ~ ) )  2DP  1 4 2 2  
P A ( K J )  = ( 2 2 ( 1 )  + C X S ( K I P K J , ~ ) * N ~ ( I - ~ )  + C X S ( K I + l ~ K L * l ) * N ? I I + l )  + 2 D P  1 4 2 3  

1 c X S ( K I , K J * ~ ) - ~ P A ( K J - ~ ~ ) / ( C ~ ~ ( K I , K J , ~ )  - C X b ( K I * K J 9 2 ) * H A ( K J - l ) )  2 D B  1 4 2 4  
KJ = J M  2 D B  1 4 2 5  
I = K I  + ( K J  - 1 ) * 1 1 Y  2 D B  1 4 2 6  
N ~ ( I )  = ( 3 2 ( 1 )  + C X ~ ( K I , K J , I ) * N Z ( I - ~ )  + c X S ( K I + ~ * K J * ~ ) * N ~ ( I + ~ )  + 2 0 8  1 4 2 7  

1 c X S ( K I , K J , ~ ) * P A ( K J - ~ ) ) / ( C X S ( K I , ~ J , ~ )  - c X L ( K I * K J ~ ~ ) * H A ( K J - ~ ) )  2 D B  1 4 2 8  
CO 3 C  kJJ = I , J M  208 1 4 2 9  
KJ  = J M  - KJJ + 1 2 D B  1 4 3 0  
I = K I  + ( K J  - l ) * I Y  2 D B  1 4 3 1  
t 4 2 ( I )  = P A I K J )  + H A ( K J )  * N 2 ( I + I V )  2 D B  1 4 3 2  
DO 3 5  K J  = I i J i 4  2 D B  1 4 3 3  
I = K I  + ( K J  - 1 1 x 1 ' 4  2 0 8  1 4 3 4  
N 2 ( I )  = N L J ( 1 )  + O R F * ( N 2 ( I )  - N O ( I ) )  2 D B  1 4 3 5  



40 CONTINUE 
C CALCULATION OF RIGHT BOUNDARY FLUX 

KI = IK 
KJ = 1 
I = KI + (KJ - l)*IM 
HA(KJ)= cXS(KI ,KJ+1,2)/CXS(KI tKJ93) 
PA(KJ)= ( > 2 ( 1 )  + c X S ( K I ~ K J ~ ~ ) * N ~ ( I - ~ ) ) / C X S ( K I ~ K J ~ ~ )  
DO 45 KJ = 29JKB 
I = KI + (KJ - 1)+1:4 
HA(KJ) = c X ~ ( K ~ , K J + ~ ~ ~ ) / ( C X S ( K I , K J , ~ ) -  c X S ( K I ~ K J ~ ~ ) * H A ( K J - ~ ) )  

4 5 PA(KJ) = ( s ~ ( I )  + c X S ( K I , K J , ~ ) * N Z ( I - ~ )  + ~ ~ S ( K I ~ K J ~ Z ) + P A ( Y J - ~ ) ) /  
1 (cXS(KI9KJ93) - CXSIKI9KJ92)*HA(KJ-l)) 
KJ = JM 
I = KI + (KJ - 1)*IY 
h2(1) = (S2(I) + c X S ( K I ~ K J ~ ~ ) * N Z ( I - ~ )  + c X ~ ( K I ~ K J ~ ~ ) * P A ( K J - ~ ) ) /  
1 (cXS(KI9KJ93) - CXSLKI9KJ92)*HA(KJ-l)) 

DO 50 KJJ = 29JM 
KJ = JM - KJJ + 1 
I = KI + (KJ - l)*IM 

5 0  N2(I) = PA(KJ) + HA(KJ) * N2(I+IM) 
DO 55 KJ = 19JM 
I = C I  + (KJ - I)*IM 

55 N2(I) = hu(1) + ORF*(NZ(I) - NO(I)) 
E01 = .O 
GO 90 I=l9 IMJY 
ITEMP1 = FIO(1) 
ITEMP = MZ(ITEMP1) 
€01 = Ebl + ABS(NZ(1) - N O ( I ) ) * V O ( I ) * C O ( I H T - l , I T E W )  

90 CONTINUE 
C 
C INNER ITERATION COKTROL 
133 LC = LC + 1 

I 1  = I 1  + 1 
I F  (11 - G07) 5339 10339 1c33 

533 IF (FLOAT( IGPi)*ECl - EP5*E1( IGP) ) 633967392 
633 IF(GO6) 7339 1033, 737 
733 TEMP1 = .C 

G 3  933 I=l,IWJM 
T E C I P ~ = A B ~  ( ~ . ~ - N C ( I ) / N ~ [ I ) )  
IF(TE4Pl-TEM?2)8339933*933 

833 TEP.IPL=TEI~PL 
9 33 CONT I hUE 

IF (TEMP1 - Gv6) lu339 10339 2 
1 0 3 3  C O N T  I NdE 

RETURN 
END 



E-34 
FOR I N N E R 2 e I N N E R 2  

S U B R O U T I N E I N N E R ~ ( N ~ ~  N 2 9  C X S *  5 2 9  MO* M29 VO, CO,JIM,JJM, JTL ,  
1 CXR*CXT ,  HA, P A )  

I N C L U D E  ABC 
DIMEN~ION h 0 ( 1 ) ,  N ~ ( ~ ) , c X S ( J I M , J J M * ~ ) ~ ~ ( ~ ) *  M 0 ( 1 ) ,  M 2 ( 1 ) ,  

1 V d ( l ) *  C c ( J T L , l ) ,  C X R I l ) ,  c x T I l ) ,  H A ( l I ,  P A ( 1 )  
C A L L  I F L U X N  ( N 2 9  C 6 9  VO9 CXS, t4O9 M 2 s  I T L ,  I M ,  JM, CXR, C X T )  
DO 4  I = l ,  I M J M  
N O ( 1 )  = N 2 1 I )  
B E G I N  FLUX C A L C U L A T I O N  
I K B  = I M  - 1 
JKt3 = J M  - 1 
f L U X  C A L C U L A T I O N  U S I N G  SOR k I T H  L I N E  I N V E R S I O N  

C A L C U L A T I O N  OF BOTTOM BOUNDARY F L U X  
K I  = 1 2 D B  1 4 9 8  
K J  = 1 2 D B  1 4 9 9  
I = K I  + ( K J  - l ) * I M  2 D B  1 5 0 0  
H A ( K I ) =  cXS(KI+l,KJ91I/CXS(KI,KJ,3) 2 D B  1 5 0 1  
P A [ K I ) =  ( S 2 ( I )  + c X S ( K I , K J + ~ , ~ ) * N ~ ( I + I M ) ) / C X S ( K I , K J ~ ~ )  2DR 1 5 0 2  
DO 5  K I  = 2 , I K B  2 D B  1 5 0 3  
1 = KI + ( K J  - 1 ) " I M  2 D B  1 5 0 4  
HA(KI) = cXS(KI+~,KJ~~)/(CXS(KI,KJ,~)- c X S ( K I * K J , ~ ) * H A ( K I - ~ ) )  2DB 1 5 0 5  
P A ( K I )  = [ S ~ ( I )  + C X ~ ( K I ~ K J + ~ , ~ ) * N ~ ( I + I K ) +  c X ~ ( K I ~ K J ~ ~ ) * P A ( K I - ~ ) ~ ~ ~ O B  1 5 0 6  

1 ( c X S ( K I , X J * 3 )  - c X S I K I , K J , ~ I * H A ( K I - ~ ) )  2 D B  1 5 0 7  
K I  = I M  2 D B  1 5 0 8  
I = K I  + ( K J  - 1 ) " I M  2 D B  1 5 0 9  
N 7 ( 1 )  = ( S ~ ( I )  + CXS(KI,KJ+192)*N2(I+IM)+ c X S ( K I , K J , ~ ) * P A ( K I - ~ ) ) / ~ D B  1 5 1 0  

1 I C X L ( K I , K J , ~ )  - C X S ( K I ~ K J , ~ ) * H A ( K I - 1 ) )  2 D B  1 5 1 1  

DO 1 0  L I I  = 2 9 I Y  2DB  1 5 1 2  
K I  = II4 - K I I  + 1 2 D B  1 5 1 3  
I = KI + I K J  - 1 1 4 1 ~  2 D B  1 5 1 4  

N 2 ( I )  = P A ( K 1 )  + H A ( K I )  * N 2 ( 1 + 1 )  2DB  1 5 1 5  
DC 1 5  K I  = ,1 V I M  2 D B  1 5 1 6  
I = K I  + ( K J  - 1 ) * I M  2 D B  1 5 1 7  
N 2 1 I )  = N b ( I )  + O R F * ( N 2 ( I )  - N O ( I ) )  2 D B  1 5 1 8  
P R I N C I P A L  F L U X  LOOP 2 D B  1 5 1 9  
DO 4 C  K J  = 2  9 J K B  2 D B  1 5 2 0  
K I  = 1 2DB 1 5 2 1  
I = K I  + ( K J  - l ) * I M  2 D B  1 5 2 2  
H A ( K I ) =  cXS(KI+~,KJ,~)/CXS(KIIKJ,~) 2 D B  1 5 2 3  
D A ( K I ) =  ( 5 2 ( 1 )  + c X S ( K I ~ K J ~ ~ ~ * N ~ ( I - I M ) +  c X ~ ( K I , K J + ~ , ~ ) * N ~ ( I + I M ) ) I  2DE 1 5 2 4  

1 C X S ( K 1  9 K J 9 3 )  2DB  1 5 2 5  
DO 2 5  K I  = 2 9 I K B  2 D B  1 5 2 6  
I = K I  + ( K J  - l ) * I M  2 D B  1 5 2 7  
HAIKI)  = C X ~ ( K I + ~ ~ K J , ~ ) / ( C X S ( K I , K J ~ ~ ) -  c X S ( K I ~ K J , ~ ) * H A ( K I - ~ ) )  2 0 R  1 5 7 8  
p ~ ( ~ 1 )  = ( 5 2 ( I )  + C X ~ ( K I , K J , ~ ) * N ~ ( I - I P ] +  c X ~ ( Y I , K J + ~ ~ ~ ) * N ~ ( I + I P ~ ) +  2 0 P  1 5 7 9  

1 C X S ( K I , K J ~ ~ ) * P A ( K I - ~ ) ) / ( C ~ ~ ( K I ~ ~ ( J ~ ~ I  - c X L ( K I , K J * ~ ) * H A ( K I - ~ ) )  2 D B  1 5 3 0  
I( 1  = I I4  2 0 8  1 5 3 1  
I = <I + (,<J - ! ) S I T v l  2 D 8  1 5 3 2  
i d 2 ( 1 )  = ( 5 2 1 1 )  + C X S ( K I , K J , 2 ) * N 2 ( I - I M ) +  CXS(KI9KJ+1~2)*N2(I+IK)+ 2 0 8  1 5 3 3  

1 C X S ( K I , K J , ~ ) * P A ( K I - ~ ) ) / ( C ~ ~ ( K I , K J , ~ )  - c X ~ ( K I ~ K J ~ ~ ) * H A ( K I - ~ ) )  2DB  1 5 3 4  
DO 3 C  K I I  = 2*I?1 2DB 1 5 3 5  
K I  = I!,*! - & I 1  + 1 2 D B  1 5 3 6  
I = -I + ( K J  - 1 ) " I M  2 D 6  1 5 3 7  
N 2 ( I )  = P A ( K 1 )  + HA(KI) * N 2 ( 1 + 1 )  2 D B  1 5 3 8  
DO 3 5  K 1  = 1 , I M  2 D 6  1 5 3 9  
I = <I + ( K J  - 1 ) * I M  2DB  1 5 4 0  
N 2 1 I )  = N O ( I )  + O R F * ( N 2 ( I )  - N O I I ) )  2DE 1 5 4 1  
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CONT I NUE 2 0 8  1 5 4 2  
C A L C U L A T I O N  OF TOP BOUNDARY FLUX 2 D B  1 5 4 3  
KJ = JIV: 2 0 8  1 5 4 4  
6 1  = 1 2 D B  1 5 4 5  
I = K I  + ( K J  - 1 ) * I M  2 D B  1 5 4 6  
HA(K I )=  c X S ( K I + ~ ~ K J ~ ~ ) / C X S ( K I ~ K J * ~ )  2DR 1 5 4 7  
P A ( K 1 )  = ( S 2 L I )  + C X S ( K I 9 K J 9 2 ) * N Z ( I - I M ) ) / C X S ( K l 9 K J 9 3 )  2 D B  1 5 4 8  
DO 4 5  K I  = 2 9 : K 7  2 0 8  1 5 4 9  
I = K I  + ( K J  - 1 ) Q I M  2 D B  1 5 5 0  
H A ( K 1 )  = C X S ( K I + 1 9 K J 9 1 ) / ( C X S ( K I , K J , 3 ) -  C X S ( K I * K J * l ) * H A ( K I - 1 ) )  2 D B  1 5 5 1  
PA(K I )  = ( S 2 ( 1 )  + c X S ( K I ~ K J ~ ~ ) * N ~ ( I - I P ) +  c X S ( ~ I ~ K J ~ ~ ) * P A ( K I - ~ ) ) /  2 D B  1 5 5 2  

1 ( c X S ( K I 9 K J 9 3 )  - C X S ( K 1  9 K J , l ) * H A ( K I - l )  2 D B  1 5 5 3  
K I  = I N  2 D B  1 5 5 4  
I = K I  + ( K J  - 1 ) * 1 4  2DB  1 5 5 5  
N 2 ( 1 )  = ( 5 2 C I )  + C X L ( K I Y K J ~ ~ ) * N Z ( I - I M ) +  C X S ( K I 9 K J 9 1 ) + P A ( K I - l ) ) /  2DB  1 5 5 6  

1 ( c X S ( K I 9 K J 9 3 )  - C X ~ ( K I 9 K J 9 1 1 * H A ( K I - l ) )  2 D B  1 5 5 7  
Di3 5 0  K I I  = 2 9 I Y  2DB  1 5 5 8  
K I  = I M  - K I I  + 1 2 D B  1 5 5 9  
I = K I  + ( K J  - 1 ) * I M  2 D B  1 5 6 0  
N L ( I )  = P A ( K I )  + H A ( K 1 )  * N 2 ( 1 + 1 )  2DB  1 5 6 1  
DO 5 5  <I = 1 9 I M  2DB  1 5 6 2  
I = K I  + ( K J  - 1 ) * I M  2DB  1 5 6 3  
N 2 ( I )  = N L ( I )  + O R F * ( N 2 ( I )  - h O ( I ) )  2 D B  1 5 6 4  
E 0 1  = .O 2DB  1 5 6 5  
DO 9c) I = l 9  1IqJ1'4 2 D 6  1 5 6 6  
I T E v P l  = MulI) 2 D B  1 5 6 7  
ITE I i lP  = M2 ( I T E Y P 1 )  2DB  1 5 6 8  
E O l  = E 2 1  + A B S ( N 2 ( 1 )  - NO(I))*VO(I)*CO(IHT-~~ITEMP) 2 D B  1 5 6 9  
C3NT I N U t  2 D B  1 5 7 0  

2 0 8  1 5 7 1  
I N h E R  I T E R A T I O h  CONTROL 2 D B  1 5 7 2  
L C  - L C  + ? 2 D B  1 5 7 3  
I 1  = I 1  + 1 2DB 1 5 7 4  
I F  ( I 1  - G 0 7 )  5 3 3 9  1 0 3 3 9  1 6 3 3  2 D B  1 5 7 5  
I F  ( F L O A T (  I G M ) * E b l  - E P L * E l (  I G P )  6 3 3 , 6 3 3 9 2  2 D B  1 5 7 6  
I F ( G 0 6 )  73 ' 39  1 0 3 1 9  7 3 3  2DE  1 5 7 7  
TEMP1  = .j 2 D B  1 5 7 8  
DO 9 3 3  I = 1 9 1 b 4 J M  2DB 1 5 7 9  
T E M P ~ = A B L  ( ~ . L J - N O ( I ) / N Z ( I ) )  2 D B  1 5 8 0  
I F  ( T E I / P l - T E M P 2  ) 6 3 3  9 9 3 3 9 9 3 3  2 D B  1 5 8 1  
TEXP1=TEP4P2 2 D B  1 5 8 2  
C9NT I hUE 2 D B  1 5 8 3  
I F  ( T E M P 1  - Gu6) I d 3 3 9  1 0 3 3 9  2  2 D B  1 5 8 4  
CONT I I d U E  2DB 1 5 8 5  
RFTURN 2DR 1 5 8 7  
END 2 D B  1 5 8 8  - 
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FOR I N N E R P s I N N E R P  2DB 1 5 8 9  
~UBROUTINE INNERP(NO* N 2 *  c X S *  S 2 9  M O ~  M 2 *  VO*  c O * J I M * J J M *  J T L *  2 D B  1 5 9 0  

1 C X R * C X T *  H A *  P A )  2DB  1 5 9 1  
I N C L U D E  ABC 2 D B  1 5 9 2  
G I M E N S I O N  N O I l ) *  N ~ ( ~ ) * c X S ( J I M * J J M * ~ ) , S ~ ( ~ ) ,  M 0 ( 1 ) *  M Z ( 1 1 9  2 D B  1 5 9 3  

1 V C ( l ) *  C U ( J T L , l I *  C X R ( l ) ,  C X T ( l ) *  H A ( 1 ) *  P A ( 1 1  2 D B  1 5 9 4  
T H I S  SUBROUTINE  CALCULATES THE FLUX FOR P E R I O D I C  B. C. 2 D B  1 5 9 5  
C A L L  I F L U X N  ( N 2 9  C c c  ' do *  C X S *  M u *  M 2 r  I T L *  I M *  JM9 C X R *  C X T )  2 D B  1 5 9 6  
DO 4 I = l *  I M J K  2 D B  1 5 9 7  
N O ( I 1  = N 2 ( I )  2 D B  1 5 9 8  
B E G I N  FLUX C A L C U L A T I O N  2 D B  1 5 9 9  
I K B  = I M  - 1 2DB 1 6 0 0  
J K 6  = JM - 1 2DB 1 6 0 1  
FLUX C A L C U L A T I O N  U S I N G  SOR W I T H  L I N E  INVERSION 2 D B  1 6 0 2  

2DB  1 6 0 3  
C A L C U L A T I O N  OF L E F T  BOUNDARY F L U X  2 D B  1 6 0 4  
K I  = 1 2 D B  1 6 0 5  

KJ  = 1 2 D B  1 6 0 6  
I = K I  + ( K J  - 1 l * I M  2DB  1 6 0 7  
N 2 ( I )  = c X S ( K I , ~ * ~ I / C X S ( K I * K J * ~ )  2DB 1 6 0 8  
H A ( K J ) =  C X S ( K I , K J + ~ * ~ ) / C X S ( K I * K J * ~ I  2DB 1 6 0 9  
TEMP1  = N 2 (  I )  2 D B  1 6 1 0  
TFiblP = H A (  1 I 2DB 1 6 1 1  
P A ( K J ) =  ( 5 2 ( I I  + c X S ( K I + ~ * K J , ~ ) + N ~ ( I + ~ ) ) / C X S ( K I * K J , ~ )  2DB 1 6 1 2  
TEMP2 = P A ( K J )  2DB  1 6 1 3  
D 3  5 K J = 2 * J K B  2 D B  1 6 1 4  
I = K I  + ( K J  - 1 ) K I Y  2DB  1 6 1 5  
~ A ( K J )  = CXS(KI,KJ+1*2)/(CXS(KI,KJ,3)- C X S ( K I * K J * 2 ) * H A ( K J - l ) )  2 D B  1 6 1 6  
N 2 ( 1 )  = C X S ( K I * K J , Z )  * N Z ( I - I K ) /  2DB 1 6 1 7  

1 ( C X S ( K I * K J * 3 ) -  c X S ( K I , K J , ~ I * H A ( K J - ~ )  2 D B  1 6 1 8  
TEMP 1 = T E v P ~  + TEidP*N2 ( I 2DB 1 6 1 9  
P ~ , ( Y J )  = ( S 2 ( I )  + c X S ( K I + ~ , K J , ~ ) * N ~ ( I + ~ )  + C X S ( K T * K J * Z ) * P A ( K J - l ) ) / 2 Q B  1 6 7 0  

1 ( c X S ( K I , K J , ? )  - C X S ( K I , K J * 2 ) * H A [ K J - l ) )  2 D B  1 6 2 1  
T E K P ~  = TEb:P2 + TE:JP+ePA( K J  ) 2DB  1 6 2 2  
TESI? = TE!,iP"HA( K J )  2DB  1 6 2 3  

K J  = Jki 2 D B  1 6 2 4  
I = K I  + ( K J  - l ) - x I V  2DU 1 6 2 5  
T ~ i \ l p l  = (  T E : / I P ~  + T E ; * I P ) * C X S ( K I  , 1 9 2 )  + C X 5 ( K I * K J * 2 ) * N ? ( I - I P . O  2 D B  1 6 2 6  
N 2 1 I )  = ( S 2 ( I )  + c X S ( K I + ~ ~ K J ~ ~ ) * N ~ ( I + ~ )  + C X S ( K I * K J , Z ) * P A ( K J - 1 )  2 D B  1 6 2 7  

1 + C X S ( K I , l r Z ) * T E M P 2  ) /  2 D B  1 6 2 8  
1 I C X S ( K I  , K J , ~ )  - C X S ( K I  9 ~ ~ 9 2  ) + * H A ( K J - ~ )  - T F M P ~ )  2DB  1 6 2 9  
50 1 6  K J J  = 29J14 2DB  1 6 3 0  
KJ = Ji9 - <JJ t. 1 2DB 1 6 3 1  
I = K I  + ( K J  - 1 ) Q I b l  2[ jb  1 6 3 2  
K I I  = ( J b l - l ) * I I . 1  + K I  2 3 6  1 6 3 3  
N ~ ( I )  = P A I K J )  + H A ( K J )  * N 2 ( I + I F i l  + N 2 1 I )  * k 2 ( K I I )  2 D B  1 6 3 4  
DO 1 5  K J  = 1 * J M  2 D 6  1 6 3 5  
I = K I  + ( K J  - l ) * I i 4  2DB  1 6 3 6  
N ~ ( I )  = ~ " ( 1 )  + O R F * ( N Z ( I )  - N O ( I ) I  2 D 8  1 6 3 7  
P R I N C I P A L  F L U X  LOOP 2 D B  1 6 3 8  
DO 4 0  K I  = 2 9 I K f 3  2DB  1 6 3 9  
K J  = 1 2 D B  1 6 4 0  
I = K I  + ( K J  - ~ ) * I M  2D13 1 6 4 1  
H A ( K J ) =  c X ~ ( K I , L J + ~ * ~ ) / C X ~ ( K I ~ K J ~ ~ I  2DB 1 6 4 2  
& 2 ( 1 )  = c X S ( K I P ~ * ~ ) / C X S ( K I , K J , ~ )  2DB 1 6 4 3  
TEMP 1 = N2  ( I) 2 D B  1 6 4 4  
TEMP = H A ( 1 )  2 0 8  1 6 4 5  
P ~ ( K J ) =  ( 5 7 ( 1 )  + C X . j ( K I * K J 9 1 ) * N 2 ( 1 - 1 )  + ~ X ~ ( K 1 + l ~ Y J * l ) * N 7 ( 1 + 1 1 ) /  7 D R  1 6 4 6  

1 CXS ( K I  9 K J  9 3  ) 2 D E  1 6 4 7  
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TEMP2 = PA(KJ) 2DB 1648 
DO 25 KJ = 2,JKB 2DB 1649 
I = KI + (KJ - l)*Ibl 2DB 1650 
HA(KJ) = cX~(KI,KJ+~,~)/(CXS(KI,KJ,~)- cXS(KI,KJ*~)*HA(KJ-~)) 2DB 1651 
N 2 1 1 )  = CXS(KI,KJ,2) * N211-IN)/ 208 1652 

1 (CXS(KI,KJ,3)- CXS(KI*KJ92)*HA(KJ-l)) 2 0 8  1653 
 TEMP^ = TEMPI + TEMP*N2( I )  2DB 1654 
PA(KJ) = (S2(I) + c X S ( K I , K J , ~ ) * N ~ ( I - ~ )  + c X S ( K I + ~ , K J , ~ ) * N ~ ( I + ~ )  + 2DB 1655 

1 cXS(KI,KJ,~)*PA(KJ-~))/(CXS(KI~KJ*~) - cXS(KI*KJ,~)*HA(KJ-~)) ZDB 1656 
T~blP2 = TEMP2 + TEI.~P*PA( KJ) 2DB 1657 

23 TEMP = TE;VIP*HA(KJ) 208 1658 
KJ = Jbl 2DB 1659 
I = KI + (KJ - 1 ) * I M  2DB 1660 
TEMP1 =(TEMP1 + TEMP)sCXS(KI*1,2) + C X S ( K I ~ K J I ~ ) * N ~ ( I - I M I  2DB 1661 
h2(I) = (S2(I) + c X S ( K I , K J , ~ ) * N ~ ( I - ~ )  + CxS(KI+l,KJ,l)*N211+1) + 2DB 1662 

1 cXS(KI,~,Z)*TEMP~ + 2DB 1663 
1 cXS(KI,KJ,~)*PA(KJ-~))/(CXS(KI*KJ?~) - CXL(KIIK.J,~)*HA(KJ-~) - 2DB 1664 
2 TEYPll 2DB 1665 

DO 3 0  KJJ = 29Jb4 2DB 1666 
K j  = JM - KJJ + 1 2DB 1667 
I = KI + (KJ - l)*IY 2DB 1668 
KII = (JV-l)+Ik: + KI 2DB 1669 

3 0  h2(I) = PA(KJ) + HA(KJI * NZ(I+IM) + N2lI) + NZ(KI1) 2DB 1670 
DO 35 KJ = 19JM 2DB 1671 
I = KI + (KJ - 1)*IY 2DB 1672 

15 N2(I) = Nb(I) + ORF*(N2(I) - NO(1)) 2DB 1673 
4 0 COPiT I N u t  206 1674 
C CALCJLATION OF RIGHT BOUNDARY FLUX 2DB 1675 

K 1 = I 2DB 1676 
KJ = 1 2DB 1677 
I = KI + (KJ - l)*IM 2DB 1678 
HA((J)= CXS(KI,KJ+1,2)/CXS(KI,KJ,3) 2DB 1679 
N z ( 1 )  = c X S ( K I , ~ ' ~ ) / C X S ( K I , K J , ~ )  2DB 1680 
TEPIP1 = N2( I )  2DB 1681 
TEPP = HP ( 1 2DB 1682 
PA(<J)= (52(II + C X ~ ( K I , K J * I ) " N Z ( I - ~ ) ) / C X S ( K I , K J , ~ ~  200 1687 
TECIPZ = PA( KJ 2D6 1684 
GO 4 5  KJ = 29JKB 208 1685 
I = KI + (KJ - l)*Ip4 2 D B  1686 
~ R ( K J )  = c X ~ ( ~ < ! , Y J + ~ , ~ ) / ( C X ~ ( K I ~ K J ~ ? ) -  c X S ( K I , K J , ~ ) " H A ( K J - ~ ) )  7 D R  1687 
2 1 I = CXS(KI,KJ,Z) * N?(I-IM)/ 2DB 1688 

1 (CXS(KI,KJ,3)- CXS(KIIKJ,~I*HA(KJ-~)) 2 5 6  1689 
TEMPI = TE'vmP 1 + TEMPGNZ ( I ) 2DB 1690 
PAIKJ) = (52(I) + CXS(<I,KJ,lI*RZ(I-l) + CXS(KI,KJ,Z)*PA(KJ-l)I/ 2DB 1691 
1 (cXS(iiI,i<J,3) - CXS(<Itk:Jr2)'tHA(KJ-l I )  2DB 1692 

TbIb'F2 = TEt/,PZ + TEP.'P*PP( KJ) 2DB 1693 
id 5 = ~ E ; ~ I P * ~ A  ( <  J) 2 D B  1694 

r,J -: Jb, 2Dt5 1695 
I = KI + (KJ - 1)QIi.l iD6 1696 
T E I \ - ; ~ ~  = ( T E M P I  + TEl4P)*CX.I(KI,1,2) + CXL(KI*KJ,Z)*N2(I-IM) 208 1697 
Pr2(I) = (52(I) + CXS(;(I,KJ,1)*1\12[1-1) + CXS(KI,KJ,2)+PA(KJ-l) 2DB 1698 
1 + C X S ( K I ~ ~ , Z ) ~ ~ T E ? * ~ P ~ ) /  208 1699 
1 (CYS(KI,'<J,?) - CXS(K?,i<J,2)*HA(KJ-! - T~r.4~1) 2DB 1700 
[;O 50 KJJ = Z,.!: l  2Dt3 1701 
Kj = J V -  KJJ t 1 2DE 1702 
I = K I  I CKJ - 1)*;W 2DL 1703 
KII = IJp-l)?:-Ib + KI 2Di3 1704 

:i; i\l2(1] = P,!,(KJ) + HA(KJ) 4: N2(I+I41) + N2(I) * N21KII) ZDB 1705 
C!O 5 5  KJ = 19J?1 2DB 1706 



I = K I  + ( K J  - 1 ) * I M  
N 2 ( I )  = N o ( I )  + O R F * ( N 2 ( I )  - N O ( 1 ) )  
C A L C U L A T I O N  OF ERROR C R I T E R I O N  
E 0 1  = .(! 
DO 9 0  I = l 9  I M J M  
I T E M P l  = MU(  I) 
I T E M P  = M 2 t I T E M P l )  
E 0 1  = E 0 1  + A B S ( N 2 I I )  - N O ( I ) ) * V O ( I ) * C ~ ( I H T - ~ , I T E M P )  
CONT I NUE 

I N N E R  I T E R A T I O N  CONTROL 
L C  = LC + 1 
I 1  = I 1  + 1 
I F  ( 1 1  - G 0 7 )  5 3 3 9  1 0 3 3 9  1 0 3 3  
I F  I F L O A T ( I G M ) * E ~ J ~  - E P S * E l I I G P I )  6 3 3 9 6 3 3 9 2  
I F ( G 3 6 )  7 3 3 9  1 0 3 3 9  7 3 3  
TEMP1  = .L 
DO 9 3 3  I = l t I P N J M  
T F P P Z = A P S  ( ~ . C - U O ( I ) / N ~ ( I ) )  
I F ( T E P ~ l P 1 - T E M P 2  ) 8 3 3 9 9 3 3  9 9 3 3  
T E M P l = T E K P 2  
CONT I NUE 
I F  ( T E M P 1  - GO61 1 0 3 3 9  1 0 3 3 9  2  
COPIT I NUE 
RET l lRN  
END 

2 D B  1 7 0 7  
2 D B  1 7 0 8  
2 D B  1 7 0 9  
2 D B  1 7 1 0  
2 D B  1 7 1 1  
2 D B  1 7 1 2  
ZDB 1 7 1 3  
2 D B  1 7 1 4  
2DB  1 7 1 5  
2 D B  1 7 1 6  
2 D B  1 7 1 7  
2 D B  1 7 1 8  
2 D B  1 7 1 9  
2DB  1 7 2 0  
2 D B  1 7 2 1  
2DB  1 7 2 2  
2 D B  1 7 2 3  
2DB  1 7 2 4  
7 D R  1 7 7 5  
2DB 1 7 2 6  
2 D B  1 7 2 7  
2 D B  1 7 2 8  
2 D B  1 7 2 9  
2 D B  1 7 3 0  
2DE  1 7 3 2  
2DB  1 7 3 3  

- 
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FOR I F L U X N , I F L U X N  2 D B  1 7 3 4  
SUBPOUTINE I F L U X N  ( N 2 9  C 0 9  VO,  C X S 9  MO9 M 2 *  J T L * J I M * J J M ,  C X R ,  C X T ) Z D B  1 7 3 5  
I N C L U D E  A B C  2 D B  1 7 3 6  
D I M E N S I O N  h 2 ( 1 ) 9  C O I J T L 9 1 ) 9  VO(l)9CXSIJIM9JJM93)9MO(1)9 V 2 ( 1 ) 9  2 D B  1 7 3 7  

1 C X R ( l ) ,  C X T ( 1 )  2 D B  1 7 3 8  
T H I S  S U B R O U T I l i E  N O R Y A L I Z E S  F L U X E S  B E F O R E  E A C H  I N N E R  I T E R A T I O N  2 D B  1 7 3 9  
A B S C ' R P T I O N  A N D  O U T - S C A T T E R  2 D B  1 7 4 0  
E ? ( I G V )  = O.G 2 D 3  1 7 4 1  
E 4 ( 1 G V )  = 0 .0  2 D B  1 7 4 2  
DO 1 0  I = l 9  I M J M  2 D B  1 7 4 3  
T ~ 1 . v  = v : ) ( I ) * N 2 ( I )  2 D B  1 7 4 4  
I T E K P  = V J I I )  2 D B  1 7 4 5  
I T E M P  = P 2 ( I T E M P )  2 D B  1746 
F ? ( T G V )  = F ? ( I G V )  + I C O ( ~ * I T F M P )  - c ~ ( ~ ~ I T F N P ) ) * T F N P  2 D R  1 7 4 7  
E 4 ( I G V )  = E 4 I I G V )  + C 0 ( 2 9 I T E F ! P ) * T E M P  2 D B  1 7 4 8  
E 3 l I G V )  = E 3 l I G V )  - E 4 ( I G V )  2 D B  1 7 4 9  
L E F T  L E A K A G E  2 D B  1 7 5 0  
I F ( y C 1 )  2 2 9  2 0 9  40 2 D B  1 7 5 1  
E 5 1 I G V )  = d.!> 2 D E  1 7 5 2  
D O 3 C  K J = l ? J P  2 D B  1 7 5 3  
I = ( K J  - 1 ) + I M  + 1 2 D B  1 7 5 4  
F S ( I G V )  = E 5 l I G V )  + C X S I 1 9 K J 9 1 ) * b i 2 ( 1 )  2 D B  1 7 5 5  
GO T O  59 2 D B  1 7 5 6  
E 5 ( I G V )  = 2 D B  1 7 5 7  
R I G H T  L E A K A G E  2 D B  1 7 5 8  
1 ~ ( 9 0 2 )  6 Z 9  ,509 8 0  2 D B  1 7 5 9  
C 6 ( I G V )  = i1.3 2 D B  1 7 6 0  
DO 7 0  K J  = 11 Jfi 2 D B  1 7 6 1  
I = S J * I E 4  2 D B  1 7 6 2  
E 6 1 I G V l  = E 6 ( I G V )  + C X R ( K J ) * N Z ( I )  2 D B  1 7 6 3  
GO T O  9 3  2 D B  1 7 6 4  
E A I I G V )  = C1.C 2 D B  1 7 6 5  
T O P  L E A K A G E  2 D R  1 7 0 6  
I F l s C 3 - 1 )  1 2 - 9  1 L u 9  1 0 0  2 l j E  1 7 0 7  
E 7 ( ! G \ / )  =.( 2 D B  1 7 6 8  

11(j & I  = 1,I:j 2[?3 1 7 6 9  
I = I:,"JP.; - I'll + K I  2138 1 7 7 C  
E 7 ( I G V !  = E 7 ( I G \ J I  + C X S ( K 1 9 1 , 2 ) * ( b i 2 ( I )  - h 2 ( K I !  ) 2 D Y  1 7 7 1  
t E ( I 5 V )  = - E 7 l I G V l  2 D S  1 7 7 2  
GO T O  15': 2;E 1 7 7 3  
E 7 l I G V )  = 3. -  2 2 0  1 7 7 4  
DO 1 3 3  K I  = 1 9  I V  2 D E  1 7 7 5  
I = 1 . 4 ~ " ;  - I:.,, + I(I 2 i ) ~ ,  1 7 7 6  
E ? ( I G V I  = F 7 ( ! C V )  + C X T ( V I ) + U 2 i I !  7 i )?  11777 
GO TO 15 ;  2 2 3 l 7 7 8  
E 7 ( I G L )  = $2.. 2 D j  1 7 7 9  
2 . 2 ~ ~  31.' LE:\'<AI;E 2 D E  1 7 8 0  
! F ( G C f + )  I f . . , ,  lh. ' , ,  1 8 9  2:?!? 1 7 8 1  
F F (  I G V )  = . ... 2 0 8  1 7 e 1  
CO 1 7 0  <I = 1 9  I r :  2 D ?  1 7 6 3  
E ~ ( I G V )  = E S ( ! G V )  + C X S I K I ~ ~ ~ Z ) * P : ? ( K I )  2% 1 7 8 4  
GO T O  1 9 0  2Cf5  1 7 8 5  
E e ( I G V )  = 0.3 2C? 1 7 8 6  
F ~ ( ! G V )  = ~ 5 ( 1 ~ \ 1 )  + F ~ I I G V )  + F ~ ( I G V )  t F S ( T ? V )  73P 17Fi7 
T E V ~  = l E 1 l I G V )  t E ? f I G V ) l / l E 3 ( I G V )  t F % ( I C V )  + C 9 ( I G V )  ) ?DF' 17FR 
CO 2 0 0  I I. 1 9  II4J':I 2 :> [? 1 7.3 S 
N ?  ( I ]  = TE).&P%P:2 ( I ) .- 3')t:, - 1 7 9 0  
E 3 ( I G V )  = T E M F * E 3 1  I G V )  1 - ' 9 l  
E L ( I G V )  = T E M P + C L I I G V )  7 C B  17522 



- -  . 
E 8 ( I G V )  = T E M P * E 8 (  I G V )  
€ 9  ( I G V )  = T ~ f v i P * E 9  ( I G V )  
R E T U R N  
END 



BNWL-831 
-1TC FOR CNNPpCNNP 2DB 1 8 0 0  

SUBROUTINE CNNP ( F 2 e K 6 )  2DB 1 8 0 1  
D I M E N S I O N  F 2 ( 1 ) 9  K 6 ( 1 )  2 0 8  1 8 0 2  
INCLUDE ABC 2DB 1 8 0 3  

C  CONVERGENCE TESTS 2DB 1 8 0 4  
IF(MAXTI 2 5 ,  2 5 9  1 0  2DB 1 8 0 5  

1 0  CALL E T I P E F I  TEMP) 2DB 1 8 0 6  
I F ( T E M P  - G L H I  2 5 9  15,  1 5  2DB 1 8 0 7  

1 5  NGOTO = 1 2DB 1 8 0 8  
W R I T E ( N O U T 9 2 0 )  2DB 1 8 0 9  

2 0  F O R M A T ( 5 3 H l  * * RUNNING T I M E  EXCEECED--FORCED CONVERGENCE * * / / 1 2 D B  1 8 1 0  
GO TO 1 3 5  2DB 1 8 1 1  

2 5  CONTINUE 2DB 1 8 1 2  
3 0  ~ 0 1 = 1 . 0 - P L A  2DR 1 8 1 3  

I F ( A R S  ( ~ ' ~ : ) - 1 @ . O Q E P S ]  4 0 9  4 0 ,  45  2DB 1 8 1 4  
4 0  G 0 7 = K 0 7  2DB 1 8 1 5  

6RF = ORFP 2DB 1 8 1 6  
4 5  CONTINUE 2DB 1 8 1 7  

~ 0 2 = ~ 9 5  ( Eb? ) 2DB 1 8 1 8  
5 0  I F ( E l ( I G P 1 )  559 1 3 0 9  5 5  2 D 6  1 8 1 9  
5  5  I F  ( E 0 2  - E P 5 1  6 0 ,  60 ,  7 0  2DB 1 8 2 0  
6 0  C V T = 1  2 0 B  1 8 2 1  
7 0  CALL CLEAR ( u . 0 9  F 2 9  I M J M I  2DB 1 8 2 2  

GO T O  1 0 5  2DB 1 8 2 3  
8 0  EV=EV+POD*EQ*ECl 2 0 8  1 8 2 4  

GO TO 1 7 C  2DB 1 8 7 5  
C  F I N A L  P R I N T  2DB 1 8 2 6  
9 s  NGOTO=l  2DB 1 8 2 7  

I F  ( I 0 4  - 1)  959 959 8 0  2 0 0  1 8 2 8  
9 5 EV=O. 0 2DB 1 8 2 9  

DQ 1 0 2  I = 1 9 I G o f l  2DR I F 3 0  
1 0 9  EV=EV+K6 ( I I 2DB 1 8 3 1  

E V = S K 7 / E V  2DR 1 8 3 2  
GO TO 1 3 5  2D€? 1 8 3 3  

1 0 5  I F ( C V T - 1 )  1 1 0 ,  90,  1 1 0  2DE 1 8 3 4  
1 1 b  I F ( I 0 4 - 1 1  1 1 5 9  1 2 0 9  14C 2DB 1 8 3 5  
C  MONITOR PRIPdT ZDR 1 8 3 6  
1 1 5  NGOTO=2 2196 1 8 3 7  

GO TO 1 3 5  2 D B  18'8 
1 4 L  EV=O. ?DR 1 8 3 9  

DO 1 2 5  I = ~ , I G I ~  2PP 1 8 4 0  
1 2 5  EV=EV+Kh ( I ) 2PB 1 P 4 1  

EV=SK7/EV 2DR 1 8 4 2  
GO TO 1 1 5  
CALL ERR02(6H+*CRMP,130911  
RETURN 
CONT I N U E  

CALCULATE NEvi PARA!VETERS FOR SEARCH CALCULATIONS 
E 0 7 = A B S  ( A L A - L A R I  
I F  ( L A P P )  2 7 0 ,  1 5 0 ,  2 7 0  
I F  ( L A P )  2 1 0 9  1 5 5 ,  2 3 ?  
I F  ( E Q I  2 i 0 9  1 6 0 ,  2 0 0  
I F  ( E C ? - E P S A )  1 7 5 ,  175 ,  1 6 5  
'4ONITOR "RINT.  
NGOTO=2 
RFTURN 
F I N A L  P R I N T  F X I T .  
NGOTO= 1 



RETURN 
LAP=ALA 
EVP=EV 
I F  ( E 0 1 )  1 8 5 , 1 8 5 , 1 8 0  
EV=EV-EVM 
GO TO 1 9 0  
EV=EV+EVW 
I F  ( 1 0 4 - 2 )  1 9 5 9  1 6 5 ,  1 9 5  
M I X  X-SECS. 
NGOTO=3 
RETURN 
I F  ( C V T )  1 7 0 9  2 0 5 , 1 7 0  
EV=EV+POD*EQ*EOl 
I F  ( ( L A P P - ~ . O ) / ( L A P - ~ . O ) )  2 2 5 ,  1 9 0 9  1 9 0  
T E M P l = A M I N l ( E V P * E V P P )  
IF (EV-TEYPI . )  7 7 0 9  7 7 5 ,  7 7 ~  
E V = ( E V P P + E V P ) / 2 .  
GO TO 1 9 b  
T E M P l = A M A X l ( E V P * E V P P )  
I F  (EV-TEMPI) 1 9 0 9  7 7 0 9  7 2 0  
I F  ( 5 0 3 - E P S A I  2 3 5 9  2 3 5 *  1 6 5  
E O = ( E V P - E V ) / ( L A P - A L A )  
I F  ( C N T )  2 6 0 9  2 4 5 9  2 6 0  
I F  I E a 2 - L A L )  2 6 5 9  265 ,  2 5 0  
I F  ( E O 2 - L A H )  2 6 ' 9  7 6 0 ,  2 5 5  
E O I = 5 I G N  ( L A H 9 E n l )  
LAPP=LAP 
LAP=ALA 
FVPP= FVP 
EVP=EV 
+O TO 2 6 5  
CNT= 1 
LAP=O.O 
LAPP=0.0 
GO TO 2 0 5  
I F  ( E C 3 - F P S A )  2 7 5 9  2 7 5 9  1 6 5  
CALCULATt  QUADRATIC C O F t F I C I E N T S .  
TFMP ~ = + v P - E J  
TcMp2=EVPP-E'J 
TEPJP3=EVPP-FVP 
T E M P 4 = T E M P l s I  EVP+EV)  
TFMP5=-T€MP2* IEV+FVPP)  
TEMP6=TEMP3*(EVPP+EVP) 
DENOP=TEMPP*TEMPL*TEMP1 
EQA=(  I LAPP-1.3 ) * T E V P 1 * E V P X E J - I  LAP-1.0  ) *TEMP2 

l * F V * E V P P + I A L A - 1 . 0  )*TEP,'P3*EVt'P PEVI ' )  /DTN )PI 
€QB=-(  LAPP*TFMP4tLAP*TEMP5 t A L P + T t V P 6  ) /aLrJ0r4 
EQC= ( LA PPs TCVPl-LAP+CTE E I P ~ + $ ~ L A ~ ~ T F  "'P'3) / n f  (..JOP 
DISCR=EOR_+E59-4. '3 t13A+C(!C 
I F  ( D I S C R )  2 1 5 3  7 8 0 1  ? P O  
I F  ( E 0 2 - L A L )  2 6 5 9  2 6 5 ,  2 8 5  
TEMPl=EQC+EQC 
TCMP=SQRT ( D I S C R )  
E Q = l . C / ( E Q " + F V * T F M P l )  
L a P P = L A P  
LAP=ALA 
EVPP= EVP 
FVP=EV 
E V l = I T E Y P - F Q R ) / T F M P l  

2DB 1 8 5 9  
2DB 1 8 6 0  
2DR 1 8 6 1  
2 3 0  1 8 6 2  
2DB 186 '3  
2DB 1 8 6 4  
2DR 1 8 6 5  
2DH 1 8 6 0  
2DH 1 8 6 7  
2DB 1 8 6 8  
2 D 3  1 8 6 9  
2 D B  1 8 7 0  
2DB 1 8 7 1  
2DP 1 8 7 2  
2DB 1 8 7 3  
2 D R  1 8 7 4  
2 0 8  1 8 7 5  
2DB 1 8 7 6  
2DS 1 8 7 7  
7 D P  1 8 7 8  
2 D 0  1 8 7 9  
2DP 1 8 8 5  
2Dt! 1 8 8 1  
2 D B  1 8 8 ?  
7DFI 1 0 8 7  
2DP 1RP4 
2DB 1 8 8 5  
7 o P  1 8 8 6  
2DP 1 P F 7  
2r1p 1 8 8 8  
Z L l @  1 8 P 9  
2DR 1 6 9 0  
2PP, I F 9 1  
2 D E  1 8 9 7  
2DB 1 8 9 1  
2 D B  1 8 9 4  
2DP 1 8 9 5  
? r i R  1 8 9 6  
2 n y  1 8 9 7  
2 D B  1 8 9 8  
L D 3  1 8 9 9  
2 r i n  1 9 0 0  
21)3 1 9 0 1  

PI" 

7 D H  ? >07  
? 1 9 P q  
2 t ) Y  1 9 0 4  
2 3 0  1 9 0 5  
.'OP 1 9 0 6  m- 

2 C p  1 9 C 7  
'01 1 9 0 8  
7 3 b  I 0 C 9  
2 D R  1 9 1 3  m 

201 1 9 1 1  
? D 3  19:? 
? D R  1911 
2Qf2 1 9 1 4  
2DL\ 1 9 1 5  
2DB 1 9 1 5  
2 D R  1 9 1 7  



E V 2 = - ( T E M P + E Q R ) / T E M P l  
EVA=ABS ( EV-EV1)  
E V B = A B ~  ( E V - E V 2 )  
I F  ( E V A - E V B )  2 9 0 9  2909 295 

2 9 0  E V = E V ~  
GO T O  2 1 0  

2 9 5  EV=EVZ 
GO T O  2 1 0  
END 
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FOR 5 8 8 5 0 9 5 8 8 5 0  2CB 1 9 2 7  
SUBROUTINE 2DB 1 9 2 8  

1 c O ~ N O ~ M O ~ P ~ ~ F O I J T L , J M T )  2DB 1 9 2 9  
INCLUDE ABC 2DB 1 9 3 0  
D I M E N S I O N  F 2 1 J I M 9 J J M ) g  N 2 ( J I M * J J M ) *  R 1 ( 1 ) 9  Z l ( l ) ,  R 4 ( 1 ) 9  Z 4 ( 1 ) 9  2DB 1 9 3 1  

1 F L U X ( 6 ) 9  F N 2 ( 1 )  9 c O ( J T L , J M T ) ,  NO(JIFI,JJF') 9 I . W ( J J I 9 J J I ' I ) ,  2DF  1 9 3 2  
2  M 2 ( 1 ) 9  F O ( J I M 9 J J Y )  2DB 1 9 3 3  

5 8 5 0  F I N A L  PRINT Z D b  1 9 3 4  
ICARD = 1 ZDB 1 9 3 5  
CALL 5 8 8 3 0  2DB 1 9 3 6  

IF(NPRT) 2 8 0 9  2 8 0 9  1 0  2DB 1 9 3 7  
CALL 5 8 8 4 7  2 0 8  1 9 3 8  
1 =  I P  2DB 1 9 3 9  
I F ( 1 P - J P )  3 u 9  3 0 9  2 0  2DB 1 9 4 0  
J =  JP  2DB 1 9 4 1  
~ P I T F  ( N o U T ~  4 0  ) ( I ~ R ~ ( I ) ~ R ~ ( ~ ) ~ Z ~ ( I ) ~ ~ ( I ) ~ I = ~ * J )  7 n ~  1 q 4 7  
FORMAT ( 8 4 h l  R A D I  I AVG R A D I I  208 1 9 4 3  

1 AX1 I AVG A X I I / / ( I 4 9 4 F 2 0 . 4 ) )  2DB 1 9 4 4  

J = J + 1  2 0 9  1 9 4 5  
I F ( I P - J P )  5 0 9  90,  7 0  2 r ) ~  1 9 4 6  
 RITE ( N O U T *  6 0  ) ( 1 9 L l ( I ) 9 2 4 ( 1 ) 9 I = J 9 J P )  ZnP 1 9 4 7  
F O R M A T ( I ~ * ~ ~ X ~ ~ F ~ ~ . ~ )  2DR 1 9 4 8  
GO TO 9 0  2PH 1 9 4 9  
WRITE I N O U T *  8 0  ) ( I , R l I 1 ) 9 R ~ ( I I , I = J , I P )  2PB 1 9 5 0  
FORF"T( I 4 9 7 F 2 O . 4 )  7DR 1 9 5 1  
CONT I NUE 2 5 6  1 9 5 2  
CO 1 0 0  1 = 1 9  I M  2DB 1 9 5 3  
DO 1 0 0  J = l , J M  2DB 1 9 5 4  
N O I I v J )  = ('.fi 2DB 1 9 5 5  

F 2 (  I 9 J I  = 1-i. / 2DR 1 9 5 6  
DO 2  0  I I G = l ,  IGM 2DR 1 5 5 7  
WRITE ( N O U T 9 1 1 0 )  I I G  2 D H  1 9 q 8  
F 0 R M + T ( l H l ,  ZOX914HFLUX FOR G R O U P p I 3 )  2 r e  1059  

RFAD ( N F L U X l ) ( ( R ? (  I , J ) , I = l * I P ' )  , J = 1 9 J V )  ? D P  1 9 6 0  
R E A D ( N C R l ) ( ( C b ( I I , J ) ,  I 1  = 1, I T L ) ,  J = 1 9  M T )  2D9  1 9 6 1  

DO 1 2 C  I = l ,  I Y  2DP 1 9 6 2  
DO 1 2 0  J = i *  JY 2?P 1 0 6 1  
N O ( I , J )  = N b ( I 9 J )  + N Z ( I 9 J )  7 r ~  1 9 ~ ~ ~  
ITEMP = M U ( I 9 J )  ;L?? 1 9 6 5  
I T E r l P  = C'2( ITEF IP)  ?l b i r , h b  
F ? ( I , J )  = F 2 ( I , J )  ' C ~ ( ~ ~ I T E V P I * N ~ ( I ~ J ) * ~ O O O . * T ~ C  ,703 l q t  7 
IF(NPUN) 2 1 0 9  2 1 0 9  1 3 0  ; [ ' t i  I C o E  
PUNCH FLLlXES il t 1'167 
I F I D A Y )  7 1 0 9  1 4 0 9  2 1 0  L ' I P  1 9 ? )  
GO T O  ( 15t.9 1 5 u 9  230,  2 0 0  1 9  NPUV 21 r 1 9 7 ,  
DO 1 8 0  I = l v I M J Y 9 6  7 r r b  1 9 7 7  
DO 1 6 0  J = 1 1 6  ? r ~  1.073 
F L U X ( J )  = 2 @ P  1 9 7 4  
1 I = M I h 0 l  1 + 5 r I Y J b ' )  31)P 1 9 7 5  

i ? p  1 0 7 6  J I  = 1 
DO 1 7 0  J = I , I I  2DF 1 9 7 7  
FLUX(  JI ) = FN2 ( J  ) L D f i  1 9 7 8  
JT = J i  + 1 7 9 3  I 9 7 9  
PUNCH 1 9 U  , ( F L U X ( J ) ~ J = ~ , ~ ) V I C A R D  2 D B  1 9 8 0  
ICARD = ICARD + 1 ? 3 H  1 9 8 1  
FORMAT(lP6E12.6,4HfLUX&) 2DU 1 4 8 2  
GO TO 2 1 ~  2 C P  1 9 8 1  
h R I T E ( 1 6 )  ( ( N z ( I , J ) ,  I = 1 9 1 " ) 9  J = l * J V )  2 D R  1 9 8 4  
C A L L  P R T ( I Y ? J ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ I o U ~ )  2r)B 1 3 8 5  



C O N T I N U E  
W R I T E ( N O U T 9  2 3 0  ) 

F O R Y A T ( l H l / / v  1 9 X s l l H  TOTAL F L U X / / )  
C A L L  P R T ( I M * J P * Y O * Z 4 * N O U T )  
WRITE(NOUT* 2 & 0  ) 

F O R M A T ( ~ H ~ / / *  1 9 x 9  26HPOh'ER D E N S I T Y  (MWT/LITFRI)  
C A L L  P R T ( I M * J M * F 2 * Z 4 * N O U T )  
W R I T E  ( N O U T *  2 5 0 )  
F o R M A T ( ~ H ~ * ~ U X * ~ ~ H F I S S I O N  SOURCE R A T E )  
C A L L  P R T ( I M * J M * F U * Z 4 * N O U T )  
IF(NPUN - 3 )  2 7 C *  2 6 0 ,  2 6 0  
PUT AN END OF F I L E  AND R E W I N D  1 6  
3 A L L  N T R A N ( 1 6 * 9 * 1 1 )  
R E W I N D  N C R l  
REWIND N F L U X ~  
RFTLlRN 
END 



BNWL-831 

-I TC FOR 5 8 8 4 7 , 5 8 8 4 7  2DB 2 0 0 3  
~UBROUTI NE 5 8 8 4 7  2DB 2 0 0 4  
INCLUDE ABC 2DB 2 0 0 5  
E 2 ( I G P )  = .O 2 0 6  2 0 0 6  
E 3 ( I G P )  = .u 2 0 8  2 0 0 7  
E 4 ( I G P )  = .b 2De  2 0 0 8  
E 5 ( I G P )  = 2DB 2 0 0 9  
E b ( I G P )  = r u  2DB 2 0 1 0  
E 7 ( I G P )  = - 0  2DB 2 0 1 1  
E 8 ( I G P )  = .u 2DB 2 0 1 2  
E 9 ( I G P )  = - 6  2DB 2 0 1 3  
DO 1 0  I = 1 , I G P  2DB 2 0 1 4  
E Z ( 1 G P )  = E 2 ( I G P )  + E 2 ( I )  2DB 2 0 1 5  
E 3 ( I G P )  = E 3 ( I C P )  + E 3 ( I )  2 0 8  2 0 1 6  
E 4 ( I G P )  = E 4 ( I G P )  + E 4 ( I )  2DB 2 0 1 7  
E 5 ( I G P )  = E 5 l I C P )  + E 5 ( I )  2DR 2 0 1 8  
E 6 ( I G P )  = E 6 ( I G P )  + E 6 ( I )  2DB 2 0 1 9  
E 7 ( I G P )  = F 7 l I G P l  + E 7 ( I )  2DB 2 0 2 0  
E R ( I G P )  = F e ( I G P 1  + E 8 ( I )  7DB 2 0 2 1  

1 0  E 9 ( I G P )  = E 9 ( I G P )  + € 9 ( I )  2DB 2 0 2 2  
~ R I T E ( N o U T , ~ G )  2DR 2 0 2 1  

2 0  FORMAT ( 1 H 1 ,  28H F I N A L  NEUTRON BALANCE T A B L E / / /  2DB 2 0 2 4  
1 5 9 H  GROUP F ISSIOW SOURCE IN-SCATTER OUT-SCATTER A B Z C R P T I O N ~ l X ~ 2 D B  2 0 2 5  
2 6 5 H  L o  L. Re L. T. L. B. L a  TOTAL L t A ( A Z D 6  2 0 2 6  
3 G E / / )  2DB 2 0 2 7  

DO 3 0  I = 1 9 I G M  2DB 2 0 2 8  
2 5  FORVAT ( 1 6 9 1 P 9 E 1 3 . 3 )  23H 2 0 2 9  
3 0  WRITE(NOUT,751  I ~ E l ( I ) ~ E 2 ( 1 ) ~ E ? ( I I ~ E 4 I I ) ~ F 5 ( I ) ~ F 6 ( I ) t F 7 ( 1 ) ~  7 n ~  7 0 1 0  

1 E 8 ( I ) , E 9 ( I )  2DB 2 0 3 1  
W P I T E ( N O U T , q 5 )  701 7 0 3 3  

3 5  FORMAT ( 1H 2DB 2 0 3 3  
I = IGM + 1 2 D h  2 0 3 4  
WRITE(NOUT*?~ I  I ~ E ~ ( I ) ~ E ~ ( J ) ~ F ~ ( I ) ~ F ~ ( I ) ~ F S ( I ) ~ F ~ ( I ) ~ F ~ ( I ) ~  7 0 9  2 0 1 5  

1 E 8 ( I ) , E 9 ( 1 )  2DR 2 0 3 6  
RETURF? 2DH 2 2 3 7  
END 2D@ 2C38  - 



- I T  FOR PRTIPRT 
SURROUTINE PET  ( J I M ~ J J M ~  N 2 9  2 4 9  N O U T )  
DIMENSION N 2 ( J T Y * J J M ) *  2 4 ( 1 )  
R E A L  N 2  
I M  = J I M  
J M  = J J M  
DO 5 0  I = l * I M 9 5  
I 1 = I  
I 2 = 1 + 4  
I F ( I 2 - I M )  2 0 9  2 0 9  1 0  

1 0  I 2 = I M  
2 0  W R I T E  ( N O U T 9 3 0  ( J J 9 J J = I 1 9 I Z )  
30 F O R M A T (  5 1 2 0 )  

DO 5 0  J J = l , J M  
J = J J  

4 0  F O R M A T ( I 5 r E 1 5 . 7 9 5 E 2 0 . 7 )  
5 0  W R I T E ( N O U T 9 4 2  ) J ~ ( N ~ ( K P J ) * K = I ~ ~ I ~ ) ~ ~ ( J )  

RETURN 
END 
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-1TC FOR GRAM9GRAM 2DB 2 0 5 8  
SUBROUTIN€ C R A M ( M A S S ~  V O L ~  A T W ~  HOLN9JIM9JJM9 M O P  M29 VOc 2DR 7059  

1 1 0 9  Il* 1 2 9 J M L 9  1 3 )  2DB 2 0 6 0  
INCLUDE ABC 2DB 2 0 6 1  
D IMENSION M A S S ( J M L * l ) *  V O L ( 1 ) 9  A T W ( 1 1 9  H O L N ( l ) r  M O ( J I M , J J M ) ,  2DB 2 0 6 2  

1 M 2 ( 1 ) 9  V O ( J I M 9 J J M ) r  I 0 ( 1 ) 9  I l ( l )*  I 2 ( 1 ) ,  I 3 ( 1 )  2DB 2 0 6 3  
C  T H I S  SUBROUTINE CALCULATES THE MASS OF THE VARIOUS Y A T E R I A L S  2DB 2 0 6 4  

W R I T E ( N O U T 9 1 0 )  ( I D ( I ) *  I = l * l l )  2DB 2 0 6 5  
1 0  F O R M A T ( l H 1 9 1 1 A 6 / / / )  2DB 2 0 6 6  

WRITE(NOUT~ 2 0 )  2DB 2 0 6 7  
2 0  FORMAT(45H MATERIAL  INVENTORY (K ILOGRAMS)  FOR EACH ZONE / 2DR 2 0 6 8  

CALL C L E A R ( U . U ~ V O L * I Z M )  2DB 2 0 6 9  
ITEMP = V L * I Z M  2DB 2 0 7 0  
CALL cLEAR(O.O~MASSI ITEMP)  2DB 2 0 7 1  
DO 3 0  J = 1 9  JM 2DB 2 0 7 2  
DO 3 0  I = 1 9  I M  2DR 2 0 7 7  
K = M O ( I  9 ~ )  2DB 7 0 7 L  

3 0  V O L I K )  = V O I - ( K )  + V O I I c  J ) * . 0 0 1  2DR 2 0 7 6  
DO 3 9  M=19MC1 2DB 2 0 7 7  
9 3 ( ~ )  = I 2 I M )  2DB 2 0 7 8  
I F I I U I M )  - I l I M ) )  3 9 9 3 5 9 3 9  2DR 2 0 7 9  

3  5  I F ( I 2 ( M ) )  3 9 , 3 6 9 3 9  2DB 2 0 8 0  
3 6  DO 3 8  M M = l * M  2DB 2 0 8 1  

IF( IOIM)  - I u I M M ) )  3 8 9 3 7 9 3 8  2DB 2 0 8 2  
3  7  I 7 I M M )  = I 2 ( M Y ) * E V  2DB 2 0 8 3  
3 8  CONTINUE 2DH 2 0 8 4  
3 9  CONT I NUE 2DB 7 0 8 5  

DO 1 9 0  N = 1 9  I Z M  2DB 2 0 8 6  
NN = P 2 ( N )  7 D 4  7 0 8 7  
DO 1 9 0  V = 1 9 M 0 1  2DP 2 0 8 8  
I F I I O I P )  - N h )  1 9 u 9  4 0 9  1 9 0  2DB 2 0 8 9  

40 L  = I l ( M )  2DB 2 0 9 0  
I F ( L  - M L )  1 7 0 ,  1 7 d 9  5 0  2 D B  2 6 9 1  

5 0  NNAA = L  2DB 2 C 9 2  
I F ( L  - I b I M ) )  1 3 0 9 1 9 0 9  1 3 3  2 0 8  2 0 9 3  

1 3 b  DO 1 6 0  YAA = 1 9  M 0 1  2 7 P  2 C 9 4  
IF(IO(MAA) - h l N A P l  1 6 0 9  1 4 0 9  1 6 0  2 D P  2 0 9 5  

14L  L  = I ]  ( 1 4 ~ ~ )  7PFa 7 0 0 6  
I F I L )  l h U 9  1 6 0 9  1 5 0  7DU 7 0 9 7  

1 5 u  F 0 1  = I ? ( V A A ) * I 3 ( t J )  2 p P  7 0 9 8  
M A ~ S ( L I N )  = ( ( E G ~ * A T W ( L ) * V O L ( N ) ) / . W )  + M A S S I L , ~ )  7 D R  2 0 9 9  

1 6 0  CONTINUE 2DH 3 1 0 0  
GO TC 1 9 6  2PR 2 1 0 1  

1 7 u  I F ( I - 1  1 9 c 9  1 9 0 ,  1 8 0  ZDP 2102 
1 8 ~  E 0 1  = I 3 ( Y )  2nd 3 1 0 3  

P 4 5 S ( L * N )  = ( ( E ~ ~ * A T ~ I L ) * V O L ( \ ) ) / . ~ ~ ~ ~ )  + M A S S ( L , N )  7 C P  7 1 0 4  
1 9 u  CONTINUE 2012 2 1 0 5  

DATA ZONE/6H ZONE / L [ ~ t c  2 1 0 6  
DO 7 6 0  L  = 1 9  I Z M r  5  2DB 2 ! n 7  
L L = L + 4  ?OF 2 1 0 8  
I F ( L L  - I Z M )  2 1 0 9  2 1 ~ 9  2 0 0  2DP 2 1 0 0  

2 0 0  L L  = IZM 7DP 2 1 1 0  
2 1 L  W R I T E ( N O U T 9 2 2 b )  ( ( Z O N E ,  K ) r  K = L *  L L )  2175 7 1 1 1  
2 2 0  F O R M A T ( / / 2 6 H  MATERIAL  ATOMIC dT. 9 3 x 9  5 ( A 6 3  1 2 9 1 2 x 1  2 P V  7 1 1 2  

W R I T E ( N O U T 9 2 3 J )  ( V O L i K ) ,  K = L 9  L L )  7Db  2 1 1 3  
2 3 u  F o R M A T I ~ ~ X ~  5 1 F 8 . 2 9 7 h  L I T E R S *  5 x 1 )  2 D @  2 1 1 4  

DO 2 4 0  K 1 9  ML 2DB 2 1 1 5  
2 ~ "  N P I T E I ~ O U T , ? ~ ~ )  K ,  H O L ~ ~ K ) ~  A T ~ ~ I K ) ,  ( P A S S I K ~  1 1 9  I = L *  C L )  70R 2 1 1 6  
2 5 d  FORMAT( 1 7 9 1 X 9  A69 F13.39 1 x 9  1PE13.39 l D 4 E 3 0 . 3 )  7 0 3  7 1 1 7  



I F ( L L  - I Z M )  2 6 0 ,  2 7 0 ,  2 7 0  
2 6 0  C O N T I N U E  
2 7 0  RETURN 

END 
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FOR I N P B q I N P R  2 D B  2 1 2 2  
SUBROUTINE  I N P B I M A T N 9 N B R t L D 9 L C N 9 L F N 9 A L A M 9 H O L N 9 J M L t I 2 )  2 D B  2 1 2 3  
I N C L U D E  ARC 2 0 6  2 1 2 4  
D I M E N S I O N  M A T N I l ) ,  N B R ( 1 ) g  L D 1 1 ) 9 L C N ( J M L 9 1 ) r L F f ' d ( J M I 1 9 1 ) 9  P L A P ( 1 ) 9  2 D B  2 1 2 5  

1 H O L N i l ) *  1 2 ( 1 )  2DB  2 1 2 6  
T H I S  SUBROUTINE  RFADS AND P R I N T S  TPF  PURNUP DATA 2DB  2 1 2 7  
R F A D ( N I N P 9 1 U )  I T F P P ,  NPRT 9 D E L T  2DR ,7128 
F o R M A T ( Z I ~ ~  c 1 7 . 0 )  2 D 3  2 1 2 9  
DAY = DAY + DELT  2 D B  2 1 3 0  
CVT = 0 2DR 2 1 3 1  
CNT = 0 2 D B  2 1 3 2  
PO2 = 2 D B  2 1 3 3  
A L A  = 0.0 2DB 2 1 3 4  
L A P  = b.0 2 D B  2 1 3 5  
LAPP = O..) 2DB 2 1 3 6  
LAR = 0.0 2DB 2 1 3 7  
KPAGE = 1 j J  2 D B  2 1 3 8  
I F ( 1 T E M P )  1 9 C 9  1 5 9  2 d  2DB  213 '3  
NCON = I T E P P  2 D h  214') 
K K  = NPUN + 1 ? b e  2 1 4 1  
GO TO ( 1 9 1 9  1 9 C 9  1 7 9  1 9 0 9  1 7 )  9 K K  2DB 2 1 4 2  
PUNCH 1 8 9  ( I 2 ( 1 ) 9  I = l 9 ' 4 0 l l  2DB  2 1 4 3  
F o R ~ A T ( 6 1 3 X 9 E 9 . 4 )  ) 2DR 7 1 4 4  
GO TQ 1 9 b  2DP 2 1 4 5  
NCON = I TEVP 2DE 2 1 4 6  
DO 4 0  N  = 1 9  NCON 2DB ? I 4 7  
F O R M A T ( Z 2 1 6 )  2DB  2 7 4 6  
R c A n ( N I N P 9 7 k )  M P T N ( N ) ~ N R R ( N ) ~ L D ( N ) , ( L C N ( N ~ K ) ~ K = ~ ~ Z ) ~ ( L F N K  2DS  7 1 4 9  

1 K = 1 9 7 )  2 D R  2 1 5 0  
W P I T E  ( N O J T 9 h h ' )  2DR 2 1 5 1  
F O R F n A T ( 1 2 t i l R U R N J  r ) A T A / / / )  2 n B  2 1 5 2  
W R I T F  I N O U T 9 7 Q )  2 3 P  7 1 5 1  
FORYAT ( 1 3 d H  BURUAqLE  MATER I /rL NAMF LAPBDA 2DB 2 1 5 4  

1 NBR * * * * * * SOJRCE I S C T C P E  FOR * ++ + 7 D d  2 1 5 5  
2 * +  / 2 D j  2 1 5 6  
3  1 3 d H  I S O T O D E  NO. L 1 711Ft , 1 5 7  
4  DFCAY CAPTURE ~ ~ ~ ~ j i ) ~ '  - 711: 
5 I O N  / 9 H  NO. 1 Z l  h 211) 

DO 9C N = l 9  NCOY 21'b 2 1  60 
F o R P A T ( 3 X q  1 3 9  1 7 x 9  1 3 9  1 b X 9  A 6 9  8 x 9  E8.39 1 9 9 1 5 x 9  ! 7 9  1 ? X 9  2 1 7 ,  2°F 2 1 6 1  

1 1' X9 7 1 3 )  7 6 0  7 1 6 2  
I T E P P  = M A T N ( N )  7l.P 7 1 6 3  
ALAMIITEPP) = 2 4 . * 3 6 ~ ~ ) . * A L A " ( I T F M P )  2 C B  ? I t . ' +  
k l R I T E  ( k O U T 9 8 3 )  N ,  MATY ( P J )  9 H J L Z I (  ITE"3) 9 / - L A Y (  I T F b t P )  9 PIF' ( h  ) ? 2 L B  2 1 5 "  

l L p ( N 1 ,  ( L C P . ( h 9 K ) 9 < = 1 9 2 ) 9  ( L F N ( k , K ) 9 K = ? 9 7 )  7 -  :!;.I. 
A L A ~ + (  I T E Y P )  = A L A Y (  I T E M P ) /  ( 3 h 0 0 . * 2 4 . '  7 ' ~ :  21 5 7  
RFTLiRN 2 3 b  ilt8 
END ', . 21t4 

- 
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FOR AVERAGtAVFRAG 2DB 2 1 7 0  
SURROUTINE A V F R A C ~ P H I R * A X ~ ~ F X ~ , M A ~ N * M P ~ ~ * A ~ ~ * V O L ~ ~ O * ~ I ~ ~ ~ ~ @ ~ V O ~  2DR 7 1 7 1  

1 H O L N *  J M L s  J T L *  N B R )  2DB 2 1 7 2  
DIMFNSION P H I R ( ~ ) *  A X S ( J M L * ~ ) *  ~ x s f J V L * l ) *  M A T N ( ~ ) *  M A S S ( J V L * ~ ) *  7 0 R  2 1 7 7  

1 A T W ( 1 ) p  V O L ( l ) *  c O ( J T L ~ ~ ) *  N 2 ( 1 ) *  Y O ( l ) *  V o ( l ) *  H O L N ( 1 ) Z D B  2 1 7 4  
2  9 N B R (  1 )  2 D B  2 1 7 5  

I N C L U D E  ARC 2DB 2 1 7 6  
T H I S  SUBROUTINE  CALCULATES ZONE AVERAGED F L U X E S *  F I S S I O N  CROSS 2 D B  2 1 7 7  
S E C T I O N S *  AND ABSORPTION CROSS S E C T I O N S *  2 D B  2 1 7 8  
R L  = 0.0 2DB  2 1 7 9  
RC = 0.0 2DB  2 1 8 0  
DO 1 0  K Z = l * I Z M  2 D B  2 1 8 1  
PHIR(KZ) = 0.0 2PR 2 1 8 2  
DO 1 0  KN = l * N C O N  2DB 2 1 8 3  
A X S ( K N , K Z )  = 0.0 2DR 2 1 8 4  
F X S ( K N * K Z )  = 0.0 2DR 2 1 8 5  
L N  = M A T N ( K N )  2DB  2 1 8 6  
M A 5 S ( L N * K Z )  = ( M A S S ( L N * K Z ) * . ~ ~ ~ ~ ) / ( A T W ( L N ) * V O L ( K Z ) )  2DP  2 1 8 7  
DO 1 0 0  I I G = l * I G M  2DB 2 1 8 8  
R E A D ( N C R 1 )  ( ( C O ( I I 9 J ) r  I I = l * I T L ) r J = l , V T )  7DR 2 1 8 9  
R E A D ( N F L U X 1 )  ( N 2 (  I) 9 I = l , I F l J M )  2DB  2 1 9 0  
DO 1 0 0  I = l * I M J M  2 D 3  2 1 9 1  
KZ  = M U ( I 1  2DP 2 1 9 2  
PHIR(KL)  = PHIS(KL) + N Z ( I ) * V O ( I )  2DP 7 1 9 7  
DO 1 0 0  KN= l * N C O N  2DE 2194  
L N  = M A T N (  K N )  2 E B  2 2 9 5  
A X ~ ( K N I K Z )  = p X b ( K N * K L )  + c ~ ( ~ * L N ) * K ~ ( I ) * V O ( I )  7PR  2 1 9 6  
F X S ( K N 9 K Z )  = F X S ( K N 9 K Z )  + c O ( ~ * L N ) * N ~ ' I ) * V O ( I )  7 D B  2 1 9 7  
DO 7 0 0  K Z = l * I Z M  7nq 7 1 9 8  
TFMP3 = P H I B ( K Z 1  2DB  2 1 9 9  
P H I B ( K L )  = P H I B ( K Z ) / ( V O L ( K Z ) * ~ ~ ~ ~ ~ )  2CB  2 2 0 0  
~ R I T E ( N o U T * ~ ~ U )  K L *  P H I B ( K L ) *  V O C ( K Z )  2 D B  2 2 0 1  
F o R ~ A T ( ~ H ~ , ~ ~ X * ~ H  Z O N  E  ~ 1 7 r 7 X 9 7 H  FLUX = * ! P F 1 3 . 4 * 7 X , 9 H  VOLUPF = * 2 D P  2 7 0 2  

1 l P E 1 0 . 4 9 7 H  L I T E R S / )  2DR 2 2 0 3  
W R I T E ( N O U T * ~ ~ ~ )  2 D q  2 2 P 4  
FORVAT ( 115W BUPNABLE MATFR I AL tUA"1F AT3Y  2 D 9  2 2 0 5  

1 F I b S I O N  AFtSOPPTI 3N SIGMA S I G P A  / 2 0 P  2 2 0 5  
2  1 1 5 H  I S O T O P E  NO. D E N S I T Y  2 P 8  2 2 0 7  
3 RATE RATE F I S S I O N  k R S O R D T I O h /  2 0 5  1 2 0 8  
4 7  H  NO* / 2 p 3  2 7 q 9  

DO 7 0 0  KN=l ,NCON 2 D 3  7 7 1 0  
L N  = M A T N ( K N 1  23L3 7 7 1 1  
T F M P ~  = A X ~ ( K N , K Z ) * M A ~ ~ ( L N , K L ~  7 n p  2 7 1 7  
TcMP2  = F X S ( < N , K Z ) * M A S S ( L N * K Z )  ?nn 2 7 1 3  
A X 5  KN 9Kz ) = AX5  ( K N  * K L  1 / TFMP? 2 D B  2 2 1 4  
F X S (  K N y K Z )  = F X S ( K h * K Z )  I T E ~ J ' P ?  2DB  7 2 1 5  
F O R M A T ( 4 X ~ I 3 ~ 1 1 X ~ I 3 ~ 1 ~ X t ~ 5 * 2 X ~ 1 ~ 5 F 1 5 . 3 )  7DP 2 2 1 6  
WRITE ( N O U T * l ? L 1 )  K N 1  L N *  H O L [ \ I (  Li'!) FWSS(  L [ \ l * K Z )  9 TFP!P?* TEYP1  3 7DR 7 7 1 7  

1 F X S ( K N ~ K Z )  9 A X S ( K N V K Z )  7 n p  7 2 1 ~  
I T E V P  = N B R ( K N )  Z D B  2 3 1 9  
IF ( ITFMP - 1 )  ? 0 0 9  2 4 0 9  1 6 0  2DP  2 2 2 0  
RC = 4C + T F P P l  - TEMP2 2°F 7 2 ? 1  

G n  TO 2 0 0  2PR ?7,3 
R L  = R L  + TEMP1 2 0 8  2 2 2 q  
C O N T  I NUE 7 C P  ? 2 3 L  
TEMP = R C / r i L  2DB 2 2 2 5  

K R I T E ( N O U T s 3 5 6 )  T E ; P  2DB 2 2 7 6  
F o R y A T ( 1 H  / / / 1 R H  BREEDING R A T I O  = F 7 . 4 )  2DP 2 2 2 7  
RFWIND N C R l  2DR 2 2 2 6  



REWIND N F L U X l  
RETURN 
END 



FOR MARCH tMARCH 2DB 2 2 3 2  
SUBROUTINE M A R C H ( P H I B ~ M A T N ~ F X S ~ A X S ~ V O L * M A S ~ ~ M A S S P ~ A L A M L L C N  2DB 2 2 3 3  

1 L F N ~ J M L V I O ~ I ~ ~ I ~ ~ M Z )  2 0 6  2 2 3 4  
DIMENSION P H I B ( ~ ) ~  M A T N ( l ) *  F X S ( J M L * ~ ) ~ A X ~ ( J Y L ~ I ) ~ V O L ( ~ ) ~  ZDB 2 2 7 5  

1 M A S S ( J P L ~ ~ ) ~ M P S S P ( J M L , ~ ) , A L A M ( ~ ) ~  L C ( I ) ~  L C N ( J M L * ~ ) ~  2013 2 2 3 6  
2  L F N ( J M L ~ ~ ) ~ I O ( ~ ) ~  1 1 ( 1 ) *  I 2 ( 1 ) 9  M 2 ( 1 )  2DB 2 2 3 7  

INCLUDE ABC 2DB 2 2 3 8  
T H I S  SUBROuTIhE  COMPUTES THE T I M E  DEPENDENT I S O T O P I C  CONCENTRATIONZDB 2 2 3 9  
TEMP = DELT * 24.  * 3600 .  / 1 0 .  2DB 2 2 4 0  
TEMP1 = .o 2DB 2 2 4 1  
DO 5  K Z  = 1 9 1 2 ~  2DB 2 2 4 2  
PHIB(KZ) = P H I B ( K Z )  * l o . * * ( - 2 4 )  2DB 2 2 4 7  
DO 5 KN = 19NCON 2DB 2 2 4 4  
L N  = M A T N ( K N )  2DB 2 2 4 5  
TEMPI = TEMPI + FXS(KN~KZ)*PHIB(KZI*MASS(LN~KZ)*VOL(KZ) 2DB 2 2 4 6  
DO 2 0 0  KT = 1 9 1 0  2DB 2 2 4 7  
TEMP3 = - 0  ZDB 2 2 4 8  
gn 2 0  K Z  = I ~ I Z M  Z ~ R  2 7 4 9  
DO 2 0  KN = 1 rNCON 2DH 7 2 5 0  
L N  = M A T N ( K N )  2 3 8  2 2 5 1  
MASSP(LNIKZ) = YASS(LNIKZ) 2 n ~  2 7 5 7  
DO 1 0 0  KZ = 1 9 I Z V  2DB 2 2 5 3  
DO 5 0  KKK = 1 9 5  2DB 2 2 5 4  
DO 5 0  KN = l 9NCON 2DH 2 2 5 5  
L N  = MATN(KN1 2DB 2 2 5 6  
T F M P ~ = - ( M A S ~ ( L N , K Z ) + M P S ~ P ( L N ~ ) ) * ( P L P M ( L N + A K N K * H  20R 2 2 5 7  
I F  ( L D ( K N ) )  30,  3 u 9  2 8  2DB 2 2 5 8  
KK = L D ( K N )  2DP 2 2 5 9  
K C  = M A T N ( K K )  2ER 2 2 6 0  
TFhnp7 = TFMP? + A L A U ( K Y ) * ( ~ ~ A S S ( K K Y K Z )  + V A S S P ( K Y ~ Y Z ) )  7 n p  7 7 ~ 1  
DO 1 2  K  = 1 9 2  2DB 2 2 6 2  
KK = L C N ( K N 9 K )  ZDR 3167 
K L  = M A T N ( K K )  2DB 2 2 6 4  
I F  ( K K )  3 2 9 3 2 9 3 1  2 D 9  2 2 6 5  
T C M P ~  = T F V P ~  + ( A X S ( K K ~ K Z )  - F X S ( K K ~ K Z ) ) * P H T R ( Y Z ) *  7nR 7 2 6 6  

1 (MPSS(KLIKL)  + M A S ~ P ( Y L , K L ) )  7 ~ 9  7 7 6 7  
CONT I NUE 2 C E  2 2 6 8  
DO 3 6  K  = 1 9 7  2DE 2 2 6 9  
KK = L F N ( K N 9 K )  2DB 2 2 7 0  
K L  = M A T N ( K K )  7DE 2 2 7 1  
I F  ( K K )  3 6 9 3 6 9 3 4  2PR 2 2 7 2  
T C M P ~  = T F M D ~  + F X S ( ~ K ~ K Z ) * P H T P ( Y Z ) ~ ( ~ ~ ~ A S S ( K I  ~ c Z ) + V A S S P ( K I  9 ~ 2 ) )  ? P R  7 7 7 7  
CONTINUE 2DB 2 2 7 4  
M A S S ( L N , K L )  = MASSP(LNIKZ) + .5*TFMP*TFMP2 2PB 2 2 7 5  
DO 1 6 0  KN = 19NCON 2DB 2276  
LN = M A T N I Y N )  2 D 3  2 2 7 7  
 TEMP^ = TEMP3 + F X S ( K N ~ K Z ) * P H I R ( K Z ) * ~ ~ A S L ( L I ~ ~ K Z ) * V O L ( K Z )  2DB 2 2 7 8  
I F ( T E M P 3 )  2 0 0 9 2 0 0 9 1 1 C  2DB 2 2 7 9  
DO 1 2 0  K Z  = l r I Z M  2DR 2 2 8 0  
P H I B ( K L )  = P H I B ( K Z )  * T F M P l I T E M P 3  ZCR 2 2 8 1  
CONT I NUE 2CB 2 2 8 2  
DO G O O  K Z  = I ~ I Z P  7 n ~  2 7 8 3  
P H I B ( K Z )  = P H I B ( K Z ) * 1 0 . * * ( 2 4 )  2DB 2 2 9 4  
DO 5 4 0  K Z = ~ ~ I Z Y  2DB 7 2 8 5  

DO 5 4 0  M = 1 9 V 0 1  2DE 2 2 8 6  
IF ( IO(P)  - M ? ( K Z ) )  ~ 4 0 9 5 7 0 , 5 4 0  7 D R  7 7 8 7  
DO 5 3 U  KN=19NCON 2DB 2 2 8 8  
LN = MATN( YN)  2DB 2 2 8 9  
I F ( L N  - I l ( M ) )  5 3 0 9 5 2 5 9 5 3 0  2 0 3  2 2 9 0  



5 2 5  I 2 ( M )  = M A S ~ ( L N I K Z )  
5 3 0  CONTINUE 
5 4 3  CONTINUE 

RETURN 
END 
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