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11. FORMULATION OF DIFFERENCE EQUATIONS 

Neutron Bal ance Equations 

The mul t ig roup d i f f u s i o n  equations can be w r i t t e n  i n  t he  form 

2 r Dg V 4g - xg gg + sg = 0, g = 1, 2, - - -  ... IGM 

where 

and : 

IGM = number o f  energy groups, 

g = energy group index, 

+g 
= f l u x  i n  group g, 

g 
= source i n  group g, 

t r 
Dg 

= d i f f u s i o n  constant  f o r  group g (=  1/3 c ), 
9 

( V Z ~ ) ~  = f i s s i o n  source cross sec t i on  f o r  group g, 

z(gO-+g) = group t r a n s f e r  cross sec t i on  from g' t o  g, 

zr = removal cross sec t i on  f o r  group g 
9 

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

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

To o b t a i n  the  s p a t i a l  d i f f e r e n c e  equations, the mesh p o i n t  i s  placed 

i n  the center  o f  the  associated mesh volume and Equations (2.1) and (2.2)  

a re  i n teg ra ted  over t h i s  volume. Thus, f o r  the ( i  ,j ,k) mesh p o i n t  a t  p o s i t i o n  
6 x 2  

X = Xi, Y = Y .  and Z =  Z k ,  
J 

the X i n t e g r a t i o n  would be from Xi - 7 ' t o  

6Xi 6 Y 6 Y 
Xi + -  2 , the Y i n t e g r a t i o n  from Y - t o  Y .  t 

j 2 J 
, and the  Z 

SZk i n t e g r a t i o n  from Zk - - 2 
6zk 

t o  Zk + 7 . I n  F igure 2.1 , o represents 



t he  ( i , , )  mesh po in t ,  1 the  - 1 , k )  mesh po in t ,  2  the  ( i+ l , j , k )  

mesh po in t ,  3 the ( i , j - 1  ,k) mesh po in t ,  e tc .  

The leakage terms are  obta ined by f i r s t  t ransforming the volume i n t e g r a l  

over  the  Laplacian t o  a sur face i n t e g r a l  us ing  Green's theorem, 

The f l u x  gradients a t  the mesh boundary a r e  obta ined by i n t e r p o l a t i n g  the  

two contiguous f l u x  values. Thus, volume i n t e g r a t i o n  o f  Equation (2.1) f o r  

mesh p o i n t  o (see Figure 2.1) leads t o  the expression 

where, f o r  simp1 i c i  ty, the group i nd i ces  have been omit ted,  and: 

E L  = removal cross sec t i on  associated w i t h  mesh p o i n t  o, 

So = source r a t e  associated w i t h  mesh p o i n t  o, 

Vo = volume associated w i t h  mesh p o i n t  o, 

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

ak = d is tance 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  constant  between mesh p o i n t  k  and 

mesh p o i n t  o 

F i n a l l y ,  Equation (2.4) can be recas t  i n t o  a form more convenient f o r  

per forming f l u x  i t e r a t i o n s .  That i s ,  

where 



Again, imagine t h a t  a  pseudo mesh i n t e r v a l  w i t h  the same composit ion as 

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

s ince  mIM f 0 and @IM+l = 0, the c o e f f i c i e n t  o f  (+IM-+IM+l) i n  Eq. (2 .4)  
cannot be disregarded. I n  f a c t ,  from 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 he  = 0 case, t h a t  there  i s  no c o n t r i b u t i o n  o f  the  pseudo 

f l u x  i n  Eq. (2.6).  For a  zero f l u x  gradient ,  Ck = 0; whereas f o r  a  zero f l u x ,  

(k = 0. 

I t  should be st ressed t h a t  the pseudo mesh i n t e r v a l s  discussed above 

are n o t  i n  any way a  p a r t  o f  the code. They are mentioned here o n l y  f o r  

h e u r i s t i c  purposes. 

Discussion o f  Tr iangular-Z Mesh Option 

Since most f a s t  reac tors  are composed o f  hexagonal subassemblies, a  

t r i angu la r -Z  mesh o p t i o n  i s  a v a i l a b l e  i n  3DB. Hexagons a re  formed by appro- 

p r i a t e  grouping o f  s i x  t r i a n g u l a r  mesh i n t e r v a l s .  

I n  the  t r i angu la r -Z  mesh opt ion ,  the ( i  ,j) coordinate g r i d  i s  composed 

o f  a  rec tangu lar  a r ray  o f  t r i a n g l e s .  As i n  the  o ther  geometry opt ions,  the  

mesh p o i n t s  a re  placed i n  the  center  o f  each mesh volume. See F igure  2.3 

f o r  a  simple 3 x  4 mesh example i n  an a r b i t r a r y  Z plane. I n  con t ras t  t o  the  

o t h e r  geometry opt ions,  however, the mesh boundaries must be equa l l y  spaced. 

I n  f a c t ,  the Xi and Y .  mesh boundaries must be computed by the  expressions 
J 

where FTF i s  the  f l a t - t o - f l a t  hexagon width.  



FIGURE 2 . 3 .  TrianguZar Mesh ExampZe (3 s 4 )  in an Arbitrary Z PZane. 

The user i s  caut ioned against  using r e f l e c t i v e  l e f t  and r i g h t  

boundaries s ince t h i s  imp1 i e s  no sur face leakage from each mesh i n t e r v a l  

on the  l e f t  and r i g h t  border. 



111. SOLUTION OF DIFFERENCE EQUATIONS 

The e igenva lue  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 i ng  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 h e  f l u x  p r o f i l e s  i n  each group a r e  s e q u e n t i a l l y  computed beg inn ing  i n  t h e  t o p  

( h i g h e s t  energy)  group. W i t h i n  each group, t h e  f l u x  p r o f i l e s  a r e  sequen t i a l  l y  

c a l c u l a t e d  f o r  each X-Y p lane,  beg inn ing  w i t h  t h e  bot tom (K=l ) p lane .  One 

mesh sweep through an X - Y  p lane  i s  d e f i n e d  as an i n n e r  i t e r a t i o n ,  and a  sweep 

through a1 1  X-Y p lanes i s  termed a  Z i t e r a t i o n .  The number o f  i n n e r  i t e r a t i o n s  

( i n  a  g i ven  p l ane )  p e r  Z i t e r a t i o n  and t he  number o f  Z i t e r a t i o n s  i s  c o n t r o l l e d  

v i a  i n p u t  parameters. A f t e r  t h e  new f l u x e s  i n  a l l  groups have been c a l c u 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 i ned  by s imp ly  t a k i n g  t h e  r a t i o  o f  

t h e  new f i s s i o n  source r a t e  t o  t h e  o l d  ( p rev i ous  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 z l l e d  an o u t e r  i t e r a t i o n .  

Be fo re  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  m u l t i p l i e d  

by l / x ,  so t h a t  x  approaches u n i t y  as t he  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 h e  p roduc t  o f  t he  success ive A ' S .  Con- 

vergence i s  assumed when I 1  - A  1 < E ,  where E i s  an i n p u t  ~ a r a m e t e r .  

F i s s i o n  source o v e r - r e l a x a t i o n  i s  employed i n  3DB t o  a c c e l e r a t e  conver-  

gence. The procedure i s  as f o l l o w s :  A f t e r  the  new f i s s i o n  source r a t e  
, J+ 1 p r o f i l e ,  F;", i s  c a l c u l a t e d ,  a  second "new" value, r 2  , i s  computed by 

magnify ing t h e  d i f f e r e n c e  between t h e  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 B *  i s  t h e  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 v e  t h e  same t o t a l  source as F;" . 
The g roup- f luxes  w i t h i n  each X - Y  p lane  a r e  computed us i ng  success ive 

l i n e  o v e r - r e l a x a t i o n  (SLOR). That  i s ,  t h e  f l u x e s  i n  e i t h e r  t he  X o r  Y 

d i r e c t i o n  a re  s imu l taneous ly  computed (by t he  f a m i l i a r  Crou t  r e d u c t i o n  

technique)  and then  over- re1 axed us i ng  t he  a l g o r i  thm 



where B i s  the  over - re laxa t ion  f a c t o r .  I n  R-e-Z problems, i t  i s  recommended 

t h a t  d i r e c t  i nve rs ion  be performed along the Y ( i  .e., e )  d i r e c t i o n .  I n  tri- 

angular-Z problems, the  i nve rs ion  d i r e c t i o n  must p be along the X d i r e c t i o n .  

I n  a1 1  o the r  s i t u a t i o n s ,  d i r e c t  i nve rs ion  should be a1 ong the  dimension w i t h  

the  most mesh po in t s .  

An a1 t e r n a t i n g  d i r e c t i o n  SLOR scheme (us ing l i n e  i nve rs ion  i n  t he  X 

d i r e c t i o n  and then i n  the Y d i r e c t i o n  i n  a l t e r n a t i o n )  i s  inc luded as an 

op t i on  t o  enhance convergence f o r  problems i n v o l v i n g  t i g h t  mesh spacing i n  

both dimensions. 

The f l u x  over - re laxa t ion  f a c t o r ,  B ,  i s  an i n p u t  parameter. The f i s s i o n  

source over - re laxa t ion  fac tor ,  B', i s  computed i n t e r n a l l y  from the  ad hoc 

expression 

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

The g lobal  f l u x  i n  each group i s  normalized (by balancing the  t o t a l  

source and 1  oss r a t e )  immediately be fore  each group- f l  ux ca l cu la t i on .  

Also, t he  f l u x  i n  each X - Y  plane i s  rebalanced before the f i r s t  i n n e r  

i t e r a t i o n  f o r  the  plane. 



IV. SEARCH OPTIONS 

The 3DB code computes inipl i c i  t eigenval ue searches on tilne 2bsorption, 

material composition, zone thickness, and material buck1 ing. In con t ras t  

t o  a  keff  ca lcu la t ion ,  the f i s s ion  spectrum i s  not mu1 t ip1 ied by l /x a f t e r  

each outer  i t e r a t i on .  Instead, a f t e r  a  converged x has been obtained 

( I hVt1 - h V I  < E * )  by a  sequence of outer  i t e r a t i ons ,  the desired parameter 

i s  perturbed to  make A approach unity. That i s ,  f i r s t  a  converged x i s  ca l -  

culated f o r  the i n i t i a l  system. The system i s  then a1 tercd S i t  the amelrnt 

speci f ied  in the input ( t he  eigenvalue modifier) arcl ;. second ccn\/erged 

i s  ca lcula ted.  Subsequent parameter changes are  de temi  ned us1 ns e i t h e r  

l i nea r  o r  parabolic in terpola t ion procedures. The iter.aclon i s  contjzued 

unt i l  I ~ - A (  < E . 
Time Absorption (a  ca lcula t ion)  

For s impl ic i ty ,  l e t  us consider the one-group, time deaendent d i f f u s ~ o n  
equation 

If  we now assume tha t  

we can obviously rewrite Equation (4.; ) i r  the fzrn  

In a  time absorption ca lcu la t i sn ,  tne parameter U .  as I f f ined  and 

used in Equations (4 .2)  and (4 .3 ) ,  i s  c o ~ ~ u t e d  as the ef  , e n v a l ~ k .  Note 

t ha t  a/v i s  e f fec t ive ly  an absorption cross section--h~b-:c t t t c  bsae " t i w o  

absorption". 



Material Concentration ( C  ca lcula t ion)  

3DB can perform a f l ex ib l e  and comprehensive c r i t i c a l i t y  search on 

material composition. Any number of materials  can simul taneously be added, 

depleted, or  interchanged in any number of zones. 

The format f o r  specifying concentration searches can best  be described 

by a simple example. Let us suppose t h a t  a zone mixture, say Mix 10, i s  t o  be 

composed of two materials  mixed a t  f u l l  density,  Materials 8 and 9. Let us 
fu r the r  assume tha t  Materials 8 and 9 are  t o  be simultaneously interchanged 

such t ha t  they occupy a f ixed volume f rac t ion ,  B ,  of the zone mixture. The 

10, I ? ,  and I2 vectors could then be s e t  u p  as shown i n  the  following tabu- 
1 a t ion .  

Mix Number (10) Material Number ( I1  ) Material Density (12) 

10 0 0 

10 8 1 .O 

10 9 -1 .o 
10 10 0 

10 8 a - 1 . O  

10 9 B - cr + 1.0 

The f i r s t  row (10,0,0) i n s t ruc t s  the code t o  c l e a r  the storage area 

f o r  Mix 10. The second row (10,8,1 . O )  and th i rd  row (10,9,-1 . O )  cause 

Material 8 and Material 9 t o  be added t o  Mix 10 w i t h  dens i t i e s  of 1.0 and 

-1 . O ,  respectively.  The fourth row (10,10,0) causes the current  contents 

of Mix 10 t o  be mult ipl ied by the eigenvalue. Finally,  rows f i ve  (10,8, 

cr - 1.0)  and s i x  (10,9,8 - a + 1 . O )  i n s t r uc t  the code t o  add Materials 8 

and 9 to Mix 10 with dens i t i e s  of a - 1.0 and B - a + 1 . O ,  respectively.  

All of the foregoing can be summarized by the expression 



where 

0 
= macroscopic cross sec t i on  f o r  Mix 10, 

' 8 = f u l l  dens i t y  cross s e c t i o n  f o r  Ma te r i a l  8, 

rg = f u l l  dens i t y  cross sec t i on  f o r  Ma te r i a l  9, 

EV = eigenval ue. 

Note t h a t  f o r  an i n i t i a l  eigenvalue guess o f  1.0, Equat ion (4.4) reduces 

t o  CIO = a'z8 + (5  - 0 ) ~ ~ .  Therefore, a and B - a are s imp ly  the  i n i t i a l  

volume f r a c t i o n s  o f  Ma te r i a l s  8 and 9, respec t i ve l y .  

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

3DB searches on r e a c t o r  dimensions by vary ing  the  dimensions o f  each 

mesh i n t e r v a l  i n  the  X,  Y, and Z d i r e c t i o n .  Each mesh w id th ,  &Xi, i s  com- 

puted from the  expression 

6Xi = 6 ~ ;  [I + (mesh m ~ d i f i e r ) ~  EV] , (4.5) 

where 6 x 7  i s  t he  i n i t i a l  mesh spacing 'and EV i s  the  eigenvalue. 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 mesh i n t e r v a l  i n  each s p a t i a l  

d i r e c t i o n .  

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

I n  a buck l i ng  search, the  q u a n t i t y  D ~ Y B ' ,  where y i s  t he  zone dependent 

buck l i ng  m o d i f i e r ,  i s  added t o  the i t h  group absorp t ion  cross sec t i on .  The 

in-group s c a t t e r i n g  cross sec t ion ,  oi i s  reduced by the  same amount so t h a t  
99 ' 

the  c a l c u l a t e d  t o t a l  cross sec t i on  remains equal t o  the  i n p u t  t o t a l  cross 

sec t i on .  The buck1 i n g  i s  then computed as the  eigenvalue. 



V.  BURNUP MODEL 

The basic  burnup equat ion f o r  each zone has the  form 

where : 

N~ = dens i ty  o f  nucl i d e  i , 
hi = decay constant  f o r  nuc l i de  i , 
- i 
a = spectrum averaged absorpt ion cross sec t i on  f o r  nuc l i de  i, a 
- i 
O f  

= spectrum averaged f i s s i o n  cross sec t i on  f o r  nuc l i de  i, 

zi = spectrum averaged capture cross sec t i on  f o r  nuc l i de  i, 
C 

$ = t o t a l  f l u x .  

The l a s t  two sum terms i n  Equation (5.1) a l l ow  p r o v i s i o n  f o r  two capture and 

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

compute the f i s s i o n  product  bui ldup.  

Each i n p u t  t ime step i s  a r b i t r a r i l y  subdivided i n t o  10 smal le r  t ime 

steps. Equation (5.1) i s  then solved as a march-out problem using the 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  Equation (5.1) i n  the  form 

the p a r t i c u l a r  march-out a lgo r i t hm used can be w r i t t e n  as 

where J i s  the index on t ime and s t  i s  the  f i ne -s tep  t ime i n t e r v a l .  
+ 

Observe t h a t  Equation (5.3) i s  i m p l i c i t  i n  the sense t h a t  NJ+i must be 
-f -f 

known i n  order  t o  compute fJ+l. One must t he re fo re  i t e r a t e  on N a t  each 

t ime po in t .  This  procedure leads t o  the a lgor i thm 



where v is the i terat ion index. 

Remarks on Burnup Equations 

The zone averaged flux and cross sections appearing in Equation (5.1) 
are  computed before each input time step. The total  reactor power (from 
the burnable isotopes) and flux profile ( re la t ive  zone fluxes) are held 
constant during the f i  ne-step march-out described by Equation (5 .4 ) .  

I t  should be clear  from the mathematical model presented that  re lat ively 

short  time steps should be employed i f  rapid variations in isotopic concen- 
t ra t ion or flux profiles are  anticipated. Such conditions, however, are 

rarely encountered in f a s t  reactor design calculations. 



VI. SOURCE OPTION 

3DB will compute the effective mu1 t ip l  ication constant and flux pro- 

f i l e s  resulting from an arbitrary ( in  space and energy) extraneous source 
distribution. The fol lowing suggestions will a s s i s t  the user in running 
source probl ems : 

1. A source problem i s  meaningless (and will not converge) i f  k > 1 . O .  

2. Convergence can be accelerated by giving the code an estimate of k 
(Card 4, Word 1 ) .  

3 .  . A t  l e a s t a  t r a c e o f  f iss ionmult ipl icat ionmust  be present in the 
system ( i . e . ,  k > 0 ) .  

4. A good estimate of the i n i t i a l  total  neutron production rate  (Card 5, 

Word 6 )  will enhance convergence. This value can be estimated using 
the simp1 e expression 

where : 

N = total  neutron production rate from f iss ion,  

S = total  neutron source rate  from extraneous source, 
k = mu1 t ip l  ication constant. 



V I I  . REMARKS ON CODE OPERATION 

1. Since the  i n p u t  data i s  i n v e r t e d  f o r  a d j o i n t  ca l cu la t i ons ,  a l l  

group i n d i c i e s  i n  the  ou tput  o f  a d j o i n t  cases are inver ted .  Furthermore, 

the  balance tab les  i n  a d j o i n t  ca l cu la t i ons  do no t  have a  d i r e c t  phys ica l  

i n t e r p r e t a t i o n .  

2. The ma te r ia l  inventory  tab les  a re  i napp l i cab le  f o r  a  m ix tu re  speci -  

f i c a t i o n  more complex than a  mix i n  a  mix (e.g., a  mix i n  a  mix i n  a  mix) .  

3.  An iso tope cannot be mentioned more than once i n  t h e  same mix i n  

burnup c a l c u l a t i o n s .  I f  mentioned more than once i n  o the r  ca l cu la t i ons ,  the 

p r i n t e d  i nven to ry  w i  11 be i n c o r r e c t .  

4 .  A1 though the  new eigenval ue and ma te r ia l  dens i t i es  a re  computed and 

p r i n t e d  a f t e r  the  l a s t  t ime step, the zone averaged cross sec t ions  and re -  

a c t i o n  ra tes  are  not .  These can be e a s i l y  obtained, however, by s imply 

tak ing  1  e x t r a  burnup s tep  o f  zero length .  S i m i l a r l y ,  the zone averaged cross 

sec t ions  and r e a c t i o n  ra tes  can be obta ined i n  non-burnup runs by s imply 

c a l l  i ng f o r  1  (dumny) burnup s tep  of zero 1  ength. 

5. T i g h t  ,mesh spacing i n  t he  dimension perpendicular  t o  1  i n e  i nve rs ion  

can cause excessive running time. Thus, i f  t i g h t  mesh spacing i s  used, i t  

should be along the dimension conta in ing  the most mesh i n t e r v a l s .  
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APPENDIX A 

SIMPLIFIED LOGICAL FLOW DIAGRAM 

A s i m p l i f i e d  l o g i c a l  f l o w  c h a r t  f o r  3DB i s  g iven  on the  f o l l o w i n g  page. 

With t h e  excep t ion  o f  f o u r  minor  subrou t ines  -- CLEAR ( s e t s  an a r r a y  equal 

t o  a  s p e c i f i e d  cons tan t ) ,  ERR02 ( p r i n t s  e r r o r  messages), SWITCH (swi tches 

tape des igna t ions)  and DRUMR (reads and w r i t e s  da ta  f rom/ to  drum) -- a l l  

subrou t ines  and t h e i r  func t ions  a re  shown i n  t h e  f l o w  diagram. 
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APPENDIX B 

INPUT INSTRUCTIONS 

The following pages describe the input  data f o r  3DB. Most input  is  
read in v ia  general ized input  subroutines.  The format f o r  data read in 

through the  general ized input  subroutines must adhere t o  the  following 

form: A1 1 cards must contain s i x  data f i e l d s  of 12 columns each, e i t h e r  

6(11,12,19) f o r  in t ege r  data o r  6(11,I2,E9.4) f o r  f loa t ing  poin t  da ta .  The 

l a s t  nine columns of each f i e l d  contain the  da ta ,  D, associa ted  with t h e  

p a r t i c u l a r  f i e l d  ( see  exception below) ; columns 2-3 contain an in t ege r ,  N, 

from 0 t o  99. The f i r s t  column of each f i e l d  must contain:  

0 - no e f f e c t .  (N=O) , 
1 - repeat  associa ted  en t ry  N t imes, 

2 - do N l i n e a r  in t e rpo la t ions  between associa ted  data en t ry  

and succeeding data en t ry ,  

3 - terminate reading of t h i s  a r r ay  with previous data en t ry ,  

4 - repeat  previous D data e n t r i e s  N times ( i f  D i s  a f l o a t i n g  

point  number, code converts t o  an i n t e g e r ) ,  

5 - ignore t h i s  data f i e l d ,  

6 - f i l l  the  remaining loca t ions  of t h i s  a r r ay  with associated 

data en t ry .  

Variable Col umns -- Description 

CARD 1 : FORMAT ( 1 l A6, I a  

1'0 run a ser ies  o f  cases, repeat from t h i s  card .  

ID(11) 1-66 I d e n t i f i c a t i o n  card. 

MAXT 67-72 Maximum running time (minutes) .  Not used i f  zero. 

CARD 2: FORMAT (1216) 

A02 1-6 Problem Type: 
= 0, regular  ca l cu la t ion ,  
= 1 ,  ad jo in t  ca l cu la t ion .  



Variable Col umns 

I04 7-1 2 

I  GM 

NXCM 

I  HT 

---- Descript ion 

Eigenval ue Type: 
= 0 ,  source (S)  , 
= 1 , k,ff ,  
= 2, time absorpt ion (a), 
= 3 ,  concentrat ion ( C )  , 
= 4 ,  zone thickness ( A ) ,  
= 5, buckling ( B ~ ) ~  

Parametric Eigenval ue Type: 
= 0 ,  none, 
= 1, k e f f '  
= 2, a .  

Number of energy yroups ( <  - 50). 

Number of downscattering terms. 

Pos i t ion  cf  t r a n s p o r t  c ross  sec t ion  i n  cro,ss 
s ec t ion  t a b l e  ( = 4  i f  t he  f i s s i o n  c ross  s e c t i o n  
i s  t he  f i r s t  e n t r y ) .  

Input f l u x  guess: 
= 0 ,  none, 
= 1 ,  + ( x ) * $ ( y ) * + ( z )  from ca rds ,  
= 2 ,  + ( x , y , z )  from cards ,  
= 3 ,  + ( E , x , ~ , z )  from cards ,  
= 4 ,  q (x ,y , z )  from tape ( log ica l  u n i t  1 4 ) ,  
= 5 ,  +(E,x ,y ,z )  from tape ( log ica l  u n i t  14 ) ,  
= 6 ,  q(E,x,y)  from tape ( log ica l  u n i t  14)  * $ ( z )  

from cards.  

External source--same options as  M07. I f  source 
i s  from tape ,  the  logica l  u n i t  i s  10. 

Maximum number of o u t e r  i t e r a t i o n s .  

Maximum number of Z i t e r a t i o n s  per  group. 
Recommended value 2 5. 

Maxiniuni number of inner  (X-Y) i t e r a t i o n s  per  Z 
i t e r a t i o n .  Reco~r~mended val ue 2 2 .  

X - Y  inversion d i r e c t i o n :  
= 0 ,  code chooses, 
= 1 , a1 t e r n a t e  every Z i t e r a t i o n ,  
= 2 ,  X d i r e c t i o n ,  
= 3 ,  Y d i r e c t i o n .  



Variable Col umns 

CARD 3: FORMAT (1216) 

I GE 1-6 

I  ZM 7-1 2 

NLAY 13-1 8 

MT 19-24 

M0 1 25-30 

MCR 31 -36 

CARD 4: FORMAT (916) 

B0 1 1-6 

Description 

Geometry : 
= 0 ,  X - Y - z ,  
= 1 ,  R-e -Z ,  
= 2, TRIANGULAR-Z. 

Number of material zones. 

Number of material  1 ayers .  

Total number of ma te r i a l s ,  including mixes. 

Number of mixture spec i f i ca t ions .  

Number of input  cross sec t ion  mater ia ls :  
= negative,  IMcR) mater ia ls  from tape ( log ica l  

u n i t  1 5 ) ,  
= p o s i t i v e ,  MCR ma te r i a l s  from cards.  

Number zf interval :  in  the  X d i r ec t ion .  

Number of i n t e r v a l s  i n  the  Y d i r ec t ion .  

Number of i n t e r v a l s  in the  Z d i r ec t ion .  

Number of zones in  the  X d i r e c t i o n  ( 6  option 
on ly ) .  

Number of z o w -  ;: tb e Y d i rec t ion  ( 6  option 
on ly ) .  

Number of zones in  the  Z d i rec t ion  ( 6  option 
o n l y ) .  

Le f t  boundary coi:L'l: t i on :  
= 0 ,  vacuum, 
= 1 ,  r e f l e c t i v e .  

Right boundary condit ion.  

Back ~oundary  condit ion.  

Front boundary condit ion.  

Top boundary condit ion.  



Var iab le  Col umns Desc r i p t i on  

806 31 -36 Bottom boundary cond i t i on .  

NACT 37-42 Number o f  a c t i v i  t y  t raverses.  

NPRT 43-48 P r i n t  op t ion :  
= 0, m i n i  p r i n t  -- de le tes  f luxes ,  power dens i t i es ,  

cross sect ions,  balance tab les ,  
= 1, maxi p r i n t  -- p r i n t s  i tems s p e c i f i e d  on p r i n t  

modi f i e r  cards 34-37. 

NPUN 49-54 F lux  ou tpu t  op t i on :  
= 0, none, 
= 1 , + (x,y,z) t o  cards, 
= 2, +(E,x,y,z) t o  cards, 
= 3, +(x,y,z) t o  tape ( l o g i c a l  u n i t  16) ,  
= 4, +(E,x,y,z) t o  tape ( l o g i c a l  u n i t  16) 

CARD 5: FORMAT (6E12.6) 

1-12 I n i t i a l  eigenval ue guess. (Used o n l y  i n  search 
ca l cu la t i ons .  ) 

EVM 13-24 I n i t i a l  eigenvalue mod i f i e r .  This  va lue should 
decrease r e a c t i v i t y  -- i .e . ,  EV + EVM should 
-a lower keff than EV.  Since EV and EVM 
a re  c6mpl e t e l  y  p rob l  em dependent, no rep resen ta t i ve  
values can be given. However, t h i s  parameter i s  
r a t h e r  important ,  so some thought should be g iven  
t o  es t ima t i ng  a reasonable value. (Used o n l y  i n  
search ca l  c u l  a t i o n s  . ) 

SO3 

BUCK 

LAL 

25-36 Parametr ic eigenval ue (see t h i r d  word on Card 2).  

37-48 Buck1 i n g  (cm-'1 . Caution -- search (and burnup) 
c a l c u l a t i o n s  t h a t  i nc lude  a buckl  i ng term cannot 
be performed us ing i n p u t  cross sec t ions  (mixes) 
d i r e c t l y  i n  zones. Furthermore, a g iven  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  keff  o r  search problems t h a t  have a buckl  i n g  
term. These problems can be avoided by m ix ing  
w i t h  a dens i t y  o f  1  .O. I f  searching on buckl ing ,  
BUCK should be zero. 

49-60 Lower 1 i m i t  on ) A - 1  1 ,  where A-1 i s ,  i n  essence, 
the  p red i c ted  change i n  the  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, the  eigenvalue s lope i s  no 
longer  a1 tered.  LAL i s  used o n l y  i n  search c a l -  
cu l  a t i ons .  Recommended va l  ue 2 0.005. 



Variable Col umns Description 

L AH 61 -72 Upper 1 in~i  t on 1 A-1 1 .  I f  lh-1 1 i s  greater  than 
L A H ,  LAH r a the r  than lh-1 1 i s  used i n  predicting 
the new eigenvalue. LAH i s  used only in search 
cal cul a t ions  . Recommended val ue % 0.5. 

CARD 6: FORMAT (6E12.6) 

EPS 1-12 Convergence c r i t e r i on  on the to ta l  f i s s ion  source 
r a t e .  

EPSA 13-24 Parametric e i  genval ue convergence c r i  ter ion.  The 

eigenval ue i s  recalculated when / A'+'-hv I i s  l e s s  
than EPSA, where v i s  the outer  i t e r a t i on  index. 
EPSA i s  only used in search calcula t ions .  
Recommended val ue 2 10xEPS. 

ORF 

SO 1 

25-36 Inner ( X - Y )  i t e r a t i on  convergence c r i t e r i on .  That 

i s ,  Max( / $ v + l - $ v l / $ V )  where v i s  the inner i t e r a t i on  
index. If zero, EPS i s  used. Recommended value 
2 10xEPS. 

37-48 Z i  t e ra t ion  convergence c r i t e r i on .  That i s  , 
Max( 1 m v + ' - + v ~ / $ V )  where v i s  the Z i t e r a t i on  
index. If  zero, EPS i s  used. Recommended value 
% 10xEPS. 

49-60 Over-relaxation fac to r .  I f  i n s t a b i l i t i e s  a r i s e ,  
reduce O R F .  Recommended val ue 2 1.5.  

61 -72 I f  X negative, the to ta l  power i s  normalized t o  
I X I M w t  using the conversion fac to r  of 215 MeV/ 
f i s s i on .  I f  posi t ive ,  X-total source/keff.  

CARD 7  : FORMAT (A6,2E6.2,9A6) 

HOLN(MCR) 1-6 Ident i f ica t ion card fo r  , f i r s t  isotope. Name 

ATW ( M C R )  7-1 2 Atomic weight of f i r s t  isotope (a.m.u.). 

ALAM(MCR) 13-1 8  Decay constant f o r  f i r s t  isotope (days - ' ) .  This 
value i s  only used in burnup calcula t ions .  

AA(9) 19-72 Miscellaneous additional iden t i f i ca t ion .  



Var iab le  Col umns Descr ip t ion  

CARD 8 :  FORMAT (6E12.5) 

OptionaZ -- required i f  MCR>O. 
. . . 
C(ITL,IGM,MCR) of(barns) -- f o r  f i r s t  group of f i r s t  ma te r i a l .  

C ( ITL  ,IGMSMCR) d s - t g )  

C(1TL ,IGM,MCR) 0 (g-l-tg 1. 
. . .  
Continue through o(g-NXCWg). Repeat through group IGM. Repeat from 

Card 7 for )MCR I mateAaZs. 

CARD 9: FORMAT [6(11,12,E9.4)]* 

G-ptionaZ -- required i f  M07=1. 

RF(IM) 1-12 Flux guess f o r  f i r s t  i n t e r v a l  i n  X d i r e c t i o n .  

RF( IM) 13-24 Flux guess f o r  second i n t e r v a l  I n  X d i r e c t i o n .  

. . .  
CARD 9 '  : FORMAT [6(11,12,E9.4)] 

OptionaZ -- required i f  M07~1. 

ZF(3M) 1-12 Flux guess f o r  f i r s t  i n t e r v a l  i n  Y d i r e c t i o n .  

ZF(JM) 13-24 F lux  guess f o r  second i n t e r v a l  i n  Y d i r e c t i o n .  . . .  
CARD 9": FORMAT [6(11,12,E9.4)1 

Optional -- required i f  M07=1. 

HF(KM) 1-12 F lux  guess f o r  f i r s t  i n t e r v a l  i n  Z d i r e c t i o n .  

HF(KM) 13-24 Flux guess f o r  second i n t e r v a l  i n  Z d i r e c t i o n .  . . . 
* 

Generalized input format (see page B-1) .  



Vari abl e Col umns Description 

CARD 10: FORMAT (6E12.6) 

Optional -- required i f  M07=2. 

NO(IM,JM) 1-12 Flux guess fo r  f i r s t  mesh interval  in f i r s t  X - Y  
pl ane. 

NO(IM,JM) 13-24 Flux guess fo r  second mesh interval in f i r s t  X - Y  
pl ane. 

. . . 
Repeat above card for a l l  X-Y planes, each plane s tar t ing on a new card. 

CARD 11 : FORMAT (6E12.6) 

Optional -- required i f  M07=3. 

NO(IM,JM) 1-12 Flux guess fo r  f i r s t  mesh interval in f i r s t  X - Y  
pl ane fo r  f i r s t  energy group. 

NO(IM,JM)  13-24 Flux guess fo r  second mesh interval  in f i r s t  X - Y  
plane f o r  f i r s t  energy group. 

. . .  
Repeat above card for a l l  X-Y planes and then repeat for a l l  energy groups, 

each plane and group s tar t ing on a neu card. 

CARD 12: FORNAT [6(I1 ,I2,E9.4)] 

Optional -- required i f  M07=6. 

HF(KM) 1-12 Flux shape fac tor  f o r  f i r s t  X - Y  plane. 

HF(KM) 13-24 Flux shape fac tor  f o r  second X - Y  plane. 

. . . 
I f  104=1 (source calculation),  the external source may be read i n  using 

the same format as the f lux guess (i. e . ,  i f  M08=1, submit cards analogous 

t o  9 ,  9 ' ,  and 9"; i f  M08=2, submit card analogous t o  10; i f  M08=3, submit 

card analogous t o  11; and i f  M08=3, submit card analogous t o  12) .  

CARD 13: FORMAT [6(11,12,E9.4)1 

XO(IM+1) 1-12 Position of f i r s t  mesh boundary in X d i rect ion (cm). 

XO (IM+l ) 13-24 Position of second mesh boundary in X d i rect ion.  

. . .  



Var iab le  Columns Desc r i p t i on  

CARD 14: FORMAT [6(11 ,I2,E9.4)] 

YO (JM+1) 1-1 2 P o s i t i o n  o f  f i r s t  mesh boundary i n  Y d i r e c t i o n  (cm 
f o r  X-Y-Z and t r i a n g u l a r  geometry and f r a c t i o n s  o f  
a c i r c l e  f o r  R-e-Z geometry). 

YO (JM+1 ) 13-24 P o s i t i o n  o f  second mesh boundary i n  Y d i r e c t i o n .  

CARD 15: FORMAT [6(11,12,E9.4)1 

ZO (KMt1) 1-1 2 P o s i t i o n  o f  f i r s t  mesh boundary i n  Z d i r e c t i o n  (cm). 

Z O ( W 1 )  13-24 P o s i t i o n  o f  second mesh boundary i n  Z d i r e c t i o n .  

CARD 16: FORMAT [6(11,12,19)] 

LYN(KM) 1-1 2 Ma te r i a l  l a y e r  number o f  f i r s t  X-Y plane. 

LYN(KM) 13-24 Ma te r i a l  l a y e r  number o f  second X-Y plane. Layer 
numbers must be i n  ascending order  (e. g . , 
1-1 -1 -2-2-3-3-3, n o t  1-1 -1 -2-2-1 -1 -1, even though 
l a y e r  3 may have the  same ma te r i a l  s p e c i f i c a t i o n s  
as 1 ) .  

CARD 17: FORMAT [ 6 ( 1 1 , 1 2 , 1 9 ~  

MO(IM,JM) 1-12 Zone number f o r  f i r s t  mesh i n t e r v a l  f o r  f i r s t  
ma t e r i  a1 1 ayer . 

MO(IM,JM) 13-24 Zone number f o r  'second mesh i n t e r v a l  f o r  f i r s t  
ma te r i a l  1 ayer.  

CARD 17'  : FORMAT [6(11,12,19)] 

MO(IM,JM) 1-12 Zone number f o r  f i r s t  mesh i n t e r v a l  f o r  second 
mater i  a1 1 ayer.  

MO(IM,JM) 13-24 Zone number f o r  second mesh i n t e r v a l  f o r  second 
ma t e r i  a1 1 ayer . 

. . . 
Repeat above for a l l  material layers. 



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

CARD 18 :  FORMAT [6(11,12,19)]  

M ~ ( I Z M )  1-1 2 Mate r i a l  number f o r  f i r s t  zone.  

MZ( IZM) 13-24 Mate r i a l  number f o r  second zone.  

. . .  
CARD 19: FORMAT [6(11 ,12 ,E9 .4 )1  

Optional -- required if BUCK#O os i f  I04=5. 

GAM( IZM) 1-12 Buck1 ing  m o d i f i e r  f o r  f i r s t  zone.  

GAM(1ZM) 13-24 Buckling m o d i f i e r  f o r  second zone.  

CARD 20: FORMAT [ 6 ( 1 1 , 1 2 , ~ 9 . 4 ) ]  

K7 (IGM) 1-12 F i s s i o n  f r a c t i o n  ( spec t rum)  i n  f i r s t  ene rgy  group.  

K7 (IGM) 13-24 F i s s i o n  f r a c t i o n  i n  second energy group.  

. . .  
CARD 21 : FORMAT [6(11 , 1 2 , E 9 9 4 ) l  

V7(IGM) 1-12 Neutron v e l o c i t y  f o r  f i r s t  energy group (cmlsec )  . 
V7(IGM) 13-24 Neutron v e l o c i t y  f o r  second energy group.  

. . .  
CARD 22: FORMAT [6(11,12,19)]  

Optional -- required if MOI>O. 

IO(MO1) 1-12 Materi  a1 number o f  Mix 1 . 
IO(MO1) 13-24 Mate r i a l  number o f  Mix 1 .  
. . . 
IO(MO1) N-(N+12) M a t e r i a l  number o f  Mix 2. 

IO(M01) (N+13)-(N+24) M a t e r i a l  number o f  Mix 2 .  



Variabl e Col umns Description 

CARD 23: FORMAT [6(11,12,19)] 

11 (M01) 1-12 0 ( t o  c l ea r  storage area fo r  Mix 1 ) .  

I1 (MO1) 13-24 Number of f i r s t  material i n  Mix 1 .  

I1 ( ~ 0 1 )  25-36 Number of second material in  Mix 1 .  

. . .  
I1 (MO1) N- (Nt12) 0 ( t o  c l ea r  storage area f o r  Mix 2) .  

I1 (MO1) (Nt13)-(Nt24) Number of f i r s t  material in Mix 2. 

Optional -- required i f  M01>0. 

I2 (M01) 13-24 Concentration of f i r s t  material i n  Mix 1 
(atomslbarn-cm) . 

I2 (M01) 25-36 Concentration of second material in Mix 1 .  

IZ(M01) (Nt13)-(N+24) Concentration of f i r s t  materi a1 in  Mix 2. 

CARD 25: FORMAT [6(11,12,19)1 

OptionaZ -- required i f  104=4. 

IX2(IM) 1-1 2 Dimensional search ( 6  cal cula t ion)  zone number 
f o r  f i r s t  X interval  . 

IX2(IM) 13-24 Dimensional search zone number f o r  second X 
interval  . 

CARD 26: FORMAT [6(11,12,E9.4)] 

Optional -- required i f  I04=4. 

X3(IZ) 1-12 Modifier fo r  f i r s t  dimensional search zone in  X 
d i rect ion.  



Variabl e Columns Description 

X3 ( IZ) 13-24 Modifier f o r  second dimensional search zone i n  X 
direct ion.  

CARD 27: FORMAT [6(11 ,I2,19)] 

Optional -- required i f  104=4. 

IY2(JM) 1-12 Dimensional search zone number fo r  f i r s t  Y i n t e r -  
val .  

IY2(JM) 13-24 Dimensional search zone number f o r  second Y 
interval  . 

CARD 28: FORMAT [6(11,12,E9.4)1 

Optional -- required i f  104=4. 

Y3 (JZ) 1-12 Modifier f o r  f i r s t  dimensional search zone in Y 
d i rect ion.  

Y3(JZ) 13-24 Modifier f o r  second dimensional search zone in Y 
d i rect ion.  

CARD 29: FORMAT [6(11,12,19)1 

Optional -- required i f  104=4. 

IZ2(KM) 1-12 Dimensional search zone number fo r  f i r s t  Z 
interval  . 

IZ2(KM) 13-24 Dimensional search zone number f o r  second Z 
interval  . 

CARD 30: FORMAT [6'(11,12,E9.4)1 

Optional -- required i f  104=4. 

Z3(KZ) 1-12 Modifier fo r  f i r s t  dimensional search zone in 
Z d i rect ion.  

23 (KZ ) 13-24 Modifier f o r  second dimensional search zone in  
Z d i rect ion.  



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

CARD 31: FORMAT [6(11,12,19)1 

Optional -- required if NACT>O. 

MA ( NACT ) 1-12 M a t e r i a l  number f o r  f i r s t  a c t i v i t y  t r ave rse .  

MA ( NACT ) 13-24 M a t e r i a l  number f o r  second a c t i v i t y  t r ave rse .  

CARD 32: FORMAT [6(11,12,19)1 

Optional -- required if NACT>O. 

N X  (NACT) 1-1 2  Cross s e c t i o n  p o s i t i o n  f o r  f i r s t  a c t i v i t y  t r ave rse .  

NA ( NACT ) 13-24 Cross s e c t i o n  p o s i t i o n  f o r  second a c t i v i t y  t r ave rse .  
. . . 
CARD 33: FORMAT [6(11,12,19)] 

Optional -- required if NACT>O. 

KMODR (NACT ) 1-12 A c t i v i t y  p r i n t  m o d i f i e r s  f o r  f i r s t  X -Y  p l ane  
(011 = no p r i n t l p r i n t ) .  

KMODR(NACT) 13-24 A c t i v i t y  p r i n t  m o d i f i e r s  f o r  second X-Y  p lane.  

. . . 
CARD 34: FORMAT [6(11 ,12, I9)1 

Optional -- required if NPRT=I. 

IGMOD(1GM) 1-1 2  Group f l u x  p r i n t  m o d i f i e r s  f o r  f i r s t  group. 

IGMOD(IGM) 13-24 Group f 1 ux p r i n t  m o d i f i e r s  f o r  second group. 

. . . 
CARD 35: FORMAT [6(11 ,12,19)1 

Optional -- required if NPRT=I. 

KMODG(KM) 1-1 2  Group f l u x  p r i n t  m o d i f i e r s  f o r  f i r s t  X - Y  p lane.  

KMODG( KM) 13-24 Group f l u x  p r i n t  m o d i f i e r s  f o r  second X - Y  p lane. 

. . .  



Variable Col umns Descript ion 

CARD 36: FORMAT [6(11 , I2 ,19)]  

Optional -- required if IiPRT=l. 

I(MODF(KM) 1-12 Total f l u x  p r i n t  modif iers  f o r  f i r s t  X-Y  plane.  

KMODF(KM) 13-24 Total f l u x  p r i n t  modif iers  f o r  second X - Y  plane. 

CARD 37: FORMAT [6(11,12,19)] 

OptionaZ -- required if IiPRT=I. 

KMODP ( K M )  1-1 2 Power' p r i n t  modif iers  f o r  f i r s t  X - Y  plane. 

KMODP (KM) ' 13-24 Power p r i n t  modif iers  f o r  second X-Y plane.  

CARD 38: FORMAT (416,E12,6) 

Burnup con tro Z card. 

N C O N  1-6 B u r n u p  control  : 
= 0 ,  end of problem, read input  data  f o r  next  

case ,  
= N ,  read burnup parameters f o r  N i sotopes and 

take time s t e p  of D E L T ,  
< 0,  take  time s t e p  of DELT.  

NPRT 

N P U N  

ITEMPl 

DELT 

7-1 2 P r i n t  opt ion:  
= 0, mini p r i n t ,  
= 1 , maxi p r i n t .  

13-1 8 Flux dump option:  
= 0 ,  none, 
= 1 ,  + ( x , y , z )  t o  ca rds ,  
= 2 ,  +(E,x ,y ,z )  t o  ca rds ,  
= 3 ,  + ( x , y , z )  t o  tape ( log ica l  u n i t  1 6 ) ,  
= 4,  +(E,x ,y ,z )  t o  tape ( log ica l  u n i t  1 6 ) .  

19-24 = 0,  no e f f e c t ,  
= 1 ,  punch material  d e n s i t i e s  ( I 2  a r r a y )  f o r  

previous time step--wi 11 funct ion  with 
N C O N = O .  

25-36 Length of time s t e p  (days ) .  I f  zero ,  code pro- 
ceeds t o  next case.  I f  negat ive,  code s h u f f l e s  
mixture. 



Variabl e Col umns Description 

CARD 39: FORMAT (1216) 

Optional -- required i f  NCOIV>O. 

MATN (NCON ) 1-6 This card contains a1 1 burnup parameters f o r  the 
f i r s t  burnable isotope. Material sequence number 
of f i r s t  burnable isotope. 

7-1 2 Control f o r  breeding r a t i o  ca lcula t ion:  
= 0 ,  no e f f e c t ,  
= 1 ,  f e r t i l e  isotope, 
= 2, f i s s i l e  isotope. 

L D ( N C O N )  13-18 = 0,  no decay source, 
= N ,  decay source from burnable isotope N .  

LCN(NCON ,2) 1 9-24 = 0,  no capture source, 
= N ,  capture source from burnable isotope N .  

See E q .  (5 .1) .  

L C N ( N C O N  ,2)  25-30 = 0 ,  no capture source, 
= N ,  capture source from burnable isotope N .  

LFN (NCON ,7)  31 -36 = 0 ,  no f i s s i on  source, 
= N ,  f i s s i on  source from burnable isotope N .  

See E q .  (5 .1 ) .  

LFN (NCON ,7 ) 37-48 = 0 ,  no f i s s i on  source, 
= N ,  f i s s ion  source from burnable isotope N. 

Repeat above card for a l l  burnable isotopes. Repeat from CARD 38 for 

additionaZ time steps.  

CARD 40: FORMAT (316) 

Optional -- required i f  DELT<O. 

ITEMP 1-6 This card replaces the dens i t i e s  of materials  
in any mixture in the I0 t ab le  by the dens i t i e s  
of the same materials  in another mixture in t h i s  
tab1 e .  

= 0 ,  end of shuff l ing da ta ,  
= 1 ,  t h i s  card contains shuff l ing data .  

ITEMPl 7-1 2 Mixture number t o  be rep1 aced. 



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

ITEMP2 13-18 M i x t u r e  number rep1 ac ing  ITEMPI. The m a t e r i a l s  
t o  be rep laced  must be common t o  bo th  mix tu res .  

Repeat above card for a l l  mixtures t o  be shuffled,  then submit card with 

0 i n  column 6 indicating the end o f  shuffl ing data. 
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STORAGE REQUIREMENTS 

3DB uses  v a r i a b l e  d imensioning by s t o r i n g  t h e  s u b s c r i p t e d  v a r i a b l e s  

i n  one a r r a y ,  A(22000). The v a r i a b l e  dimensioned a r r a y s  r e q u i r e  N s t o r a g e  

1 o c a t i  ons (Ns 22000),  where : 

N = M A X ( N ~  , N ~ )  

N1 = 1 8  + 16  x IM x JM 

+ 8 x I M  

+ 5 x J M  

+ 6 x K M  

+ 4 x ( M Q ~  + IZM) 

+ 14  x IGM 

+ MT x ITL 

+ 2 x  NACT 

+ I M C R /  x  (15 + 4 x IZM) 

+ NPRT x ( 3  x KM + IGM) 

+ 2 x MAX(IM,JM) 

+ IZ + JZ + KZ + IM + JM + KM [ I F  (104) = 41 

and 

N p  = MT x ITL x (IGM + 1 )  + 3 x ML. 

For most problems, N, > N p ,  and t h u s ,  N = N, . 
3DB a l s o  r e q u i r e s  11 p e r i p h e r a l  s t o r a g e  u n i t s .  A l i s t  o f  t h e s e  s t o r a g e  

u n i t s  is given i n  Tab1 e C-1  , a1 ong wi th  t h e  number o f  words i n  each u n i t ,  

and a b r i e f  d e s c r i p t i o n  of t h e  d a t a  s t o r e d .  S i n c e  t h e  code was w r i t t e n  f o r  

a UNIVAC 1108, unbuf fe red  drums (4 .24 x s e c  a v e r a g e  a c c e s s  t ime  and 

4 .2  x sec/word t r a n s f e r  r a t e )  a r e  used f o r  s t o r a g e ;  however, o n l y  

minor coding changes a r e  r e q u i r e d  t o  use  e i t h e r  t a p e  o r  d i s c  s t o r a g e .  



TABLE C- 1. Description of Peripheral Storage Units 

Log i ca l  
U n i t  

Number 

1 
2 
3 
4 

17 
18 
19 
2 0 
21 
2 2 
23 

Name 

NSORCE 
NSCRAT 
NFLUXl 
NCXS 
N FO 
NMO 
N F2 
NS2 
NCRl 
NDUM 
NTEMP 

Length 

21 5,000 
21 5,000 
21 5,000 
21 5,000 
45,000 
45,000 
45,000 
45,000 
45,000 
45,000 
45,000 

D e s c r i p t i o n  o f  
Data Stored 

Ex te rna l  Source 
Scra tch  U n i t  
Fluxes 
F l  ux Constants 
F i s s i o n  Source (Prev ious I t e r a t i o n )  
Zone Numbers by Mesh I n t e r v a l  
F i s s i o n  Source 
Group Source 
Cross Sect ions 
Scratch U n i t  
Scra tch  U n i t  

F o r  t he  da ta  t o  f i t  on drum, t h e  f o l l o w i n g  requirements must be met. 

IM x JM x KM x I G M L  215,000 

5 x IM x JM x KM + I M  + JM4215,OOO 

I M  x JM x KM 6 45,000 

ITL x MT x IGM45,OOO.  
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SAMPLE PROBLEM 

The following pages show the input data and computer output for a 

simp1 if ied 2-group, 2-zone, 1 -step burnup problem in X-Y-Z  geometry (see 

Figure D - 1 ) .  To reduce running time, the number of mesh intervals in 

each direction i s  10. Atom densities a t  t = 0 . 0  days are given in 

Tab1 e D - 1  . 

TABLE D-1 . Atom Densities (otoms-barn-l-cm-ll 
for 3DB Sample Problem 

~ a t e r i  a1 / Zone 1 (Core) I Zone 2 (Blanket) 

Fission Products 

C 



FIGURE D - I .  Diagram o f  3DB SmpZe Problem. 



3DB SAMPLE CASE (lbXlOX10, 2 ZONE, 2 GROUP) 
0 1 0 2 1 4 1 0 
0 2 2 12 13 10 10 10 
1 0 0 1 0 1 1 1 

0.0 0.0 0.0 0.0 
.oooo 1 0.0 .0001 . 000 1 

U238 238.05 0.0 2 GROUPS C O R E  
~lOOlOO+OO e232887-03 e281437-00 .633569+01 
.OOUUOU .532188-OU .uOOOOO 4 131 563+02 

PU239 239.05 0.0 2 G R O J D S  CORE 
.172436+01 .184872+01 .511503+01 .639364+01 
.228419+01 .324006+01 .649533+31 .139176+02 

PU240 240.05 0.0 2 G % O 1 - G S  C O R E  
e697066-00 ,973345-00 .210354+?1 .h5LCU4+01 
-205185-01 .158456+?1 ,577565-01 .139455+02 

PU241 241.067.80-3 2 G R O Y P S  COPE 
.173712+@1 .iR?157+C1 .52827?+01 .745286+01 

d . O  2 'JRO',PS CORE 
.le~?34-0C .CC2000 .106936+02 
.45b42u-05 .OC330C .142171+C2 
u.0 : GR:'~P: CORE 
.?3362i-C5 .230200 .263926+01 
~L509'35-13 . ~30003 .4&8553+01 

e . b  2 5ROaP.5  C C R E  
.71?0:lt-r? .;~CO?~O .?0901$+01 
,423424-92 .C03000 .1981.55+01 

' J . L  2 GROUPS CORE 
.581775-?2 ,C03COO .255761+01 
.215431-C1 .LO0000 .462144+01 

i r .  L. 2 L R I ~ I P C  B i A N K E T  
.189i6-0~ .135378+3i .5944i4+01 
.40&50?-0; .C0~J000 .122090+02 
..u 2 ;HO,,?j S L A N K E T  

.67L571.-i2 .300000 .265143+01 . :2C8269-0; .CCJOOOO .449~0&+01 
.@2? 
. 02?  
.723 

40.0 70.33 
1 40.C 7C.C3 
> 40.C 70.03 
4 2 3 
4 24 5 10110 
9 10 3 

12'2 
-0133 

X 0 
Y 0 
zo 

LYN 
MO 
MO 
M2 
Y 7 
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